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CHAPTER 1

Genelrmtlroducti on

1.Ain Overview of the Autism Phenotype
Autism is a |ifelong neurodevel opment al C C
alterations in social soammunicoanmuann,cal Clo)nt & s

patterns of restricted and r e(pAemdrtiiocvaen bRshyaovh

Associ at.i oGl 20alm)present in overt ways such
more covertly, such as difficulty establishin:
equally as di ver se i n t heir presemtratrieopnet i a
stereotypies (e.g., hand fl appi ng, rocking),
excessive interest in specific tscemiscos.y Ipmr oaxdkd

di ffereonwewi deé yasr eac okgenyi zpead t o fantdh ¢ aaviet bemnp s
to correl at(eBawianhe kb oetth aSCl, 20 RBei opoéeMeldlo. ,et2 (a
et al and2RKBoyd et al . ;Fe2@l1l®;t hI-THIi eRdRs &Stape
2023; Schul z & Stseweenslom,s 200vlex)al | (deveasl il tay ead f
2020)

Of note, the diagnosi s (oRusisdelolp aetth aaclt .ia,c t1d (B2
with the introégéameohncam P&yec DiSafirni 8,0Alsvo cihat
condeauwteidst i c di sorder, A sNpCeSr gierrtdcs as yidm @unleg r
autism spectrComseiqaemnd ¢ 1y, popul ation diversit

SCI and RRBI behaviors may be observed both &



there are a number of conflicting findings in
Generalizability is stildl |l acking, not only d
al so due to sampling aitass.m Inmemsoeratracnbtrliyt,i zrmwc b
partici pawdrswiadhho n@mwne pneretdst i st i ¢ i ndividual s

nedddten including thdse gwi,thFragddrre Kd saysidir oa

undreeepresent ed.

For instance, while it is estimated that oV
intellectualendismadbdi fotyD(EBase Cond rammeéatlarsd sPr
(Russel |l cft alll ,a®Rt0ilOm r e sreeaprocrht epduYalnic danbeed oiin o

si milarly, whi-Be%appraui matietyi A8&iwerdoswmatles ar
Schaefferfent alr ec &HUPIreesy i eefwg a lsae,er 20 A B,y stinMsi)sa

subset of individuals comprisedRwxnd gl 12 % tofala.l
Thutshere are significant concerns about the ge
autism popul ation. Nonet hel ess, t his i ntrod:i
concerning sensory and multisesstsabVyi §badt penc
neurological, and computational theories of s

features of auti sm.

1.wni modal Sensory Processing Differences in A

For the purpose of this introduction, we w
Vi sual processing, although theRBel asceighi &l c
Mi_kkelsen et al_., Z®Y8; eyvleamsflienaaet (al., 201
& _Emck.,fo20Tpevienmds ol f a(cstBoeruyd/jgaursatnaet oerty _al ., 20



2020:; Goldschlager etfalk. re202®sypliangsdord fetr eal

as well. There are three umbrteldug Hte adfuraess cohfa
in auti sm: hypersensiti wietey,i nlygy poeshearvs iotrisv.i tTyh
hypersensitivity, i s perhaps the most commonl
auditory domain, specific ofl iaauciatloriy vieysg e rgsad
been fruitful. There is a grewicgi bhddyidiuaéwgi
hyper aGomes et al ., 2004; Khal fa et al ., 2004

20BH)ei ghtened sensitivity or per cedavefde a touwrden
report-68%i nf 1l8uti stbDaneskdietdabhls f6Bé&reReaws
seWi | Il i ams &br abanmd &3 1s) . This can be-oabser v«
caregepert, but al so through acoustic start/|
individuals, even at (dadsewveety adlow, sdD0h4; i hdl
Additionally, sthdgughtheless swglrlowi ngd eexvtirdeamec e
negative reactioins tlhhe speci EKmcpBpuhdasi ah . , 20
2022 )HywEersi ti vity i nnawed |vicshmalacdemdizredi,s al t h

reports by autistic individuadasviisnceltudad .me n2t0i0

al .,. 2021)
Il n contrast to the |iterature describing
widely studied in the auditory and visual do

observed i n t(hCastcaicot idte -Fadlo.ma iexto 1&bl;. FoxzG1l 2 ; Mi
Surgent etalatlt hG@a-QlO2RXete aaln.d, c20rr7e)l at es wi th se
RRB( &oFsesi g et. aHowevé®l2)retspomhasredi oend tsheensory

and narrative accoudodossofgesendsaomndgittem pairli @engers



Vi sdlhaposenssbmmbohyin the @Biismkagpoeul ation?201
2012; lLefebvreWatraih ejt2@23; RYPERs
The final sensory behavior commo(nhBErymedre s& r i
Dunn, ,1%868rh is correlatEeBoyd tért ialci dea@®r0;,0fF
Noda et al ., 2024 ;Agaetnl, ert hentr a alsiatee @@ dr) b ec a |l |
i nvestigating sensory seeking behavi&kred yi beet
many se@askiryg behaviors tend( ltaon e eett adllo.w,e eZx@®dI 2
one observational study found that about 21 %
behaviors, and about 33% exhibit visu®dll ayeeki
(Kirby eKiabyR6amdtre t hat many auditory and vi
in conjunction with gross motor repetitive be
ft rampoline jumping while |Iistening to mus
bringing face close to video screen and te
head tilted backwards too.l ook at surroundi
Some of t hese a&reaelksiantge gloe h & \eRIR Bassh eanls,& 4 syiecsh as

repeated videongrofmuai capeciefgime mpma d lainz d tyi, o rh

desired sensation and the behavior to acquire

1.3 Audiovisual Processing Differences in Aut|

Il n addition to unisensory processing diffe
(MSI1) abilities in autism have | ong been of i
i s comprised of stimuli fgroat iadn onfodtaHhe de est, i n

our gestalt perception of the world around us



modal i ties can confer | arge behavior al bene
presentations (e.g., Somprye&e Philn@boepeddbdi)n i
interest to researchers how MSI abilities may

to both core and associated features of the d

For the purposes of this introduct(AYhn, we
integration abilities in auti sm, although MS
modal ity combinati ons. Broadly speaking, AV i

variety of tasks andFeltdman ustf 0 B Mm@y ee@idysSie s ) .(
Additionall vy, bAMttaesrk sp ehrafso rbreaennc es honwn t o corr
present at(iFoenl dsreavreratm galwi t h23@b&) al communi cat.i
(Fel dman et al ., 2018; Feldman, Conrad,Thetseal
effects appear to be | arger in children, wi t |
adul t haodording ¢tO0reossme attcalunts2022,; Fel dman

Di fferences in temporal integration in auti
binding wiadbwew wiTBWO)w of stimulus asynchrony
perceive two event s dasaso dewernr isrhg wsm rmaod tthian re oal
a variety of s{(Bmetust ca@mplue 2 tf@pdrs ,aa Ma@ly@ds i s ) .
|l ndeed, even in infants at high (HR) and | ow
l ooking time to highly asyndhmarops edteidmumalsi ac ¢
i n HR odifrofrarbtost h si mpd @i aln(dsuciomypditie x@ hus, 2828) at |
tempor al i ntegration appear to precede autism

Additionall vy, there is evi dAaNgtei Ul ia.t ypy e a

analyses reveal t hat-s cacciranls ss thiomihl is,o0 ca watli satnidc



fixation ti mARVsttd muy nc hwheemo-ecsotnipsatriecd peoe rnso,n as

attentional di s e ng(algoednde n& Bfarhormi ltdkiss t2ri0d2o8thcer sa p p €
d o mggiemer al di fferencd@aVstni mullii einrc ea wattit s m.b ult re dt
we will des @AwViirbtee drn atdii omrg sdiofff erences -sncaatisn
and soci al stimuli, aAViwdluls i aosn whaatk sp erefveerarha r

mul t i sperrmoscoersysi ng i n this population.

1.3.1 Simple Stimuld.

For the purpose of this section, simpl e st
and salience (e.g., visual flashes or auditor
consistent in showingBeeard aeiged| TBWEO0O13,; akwalky
Lytl e, et adlt.h,tVedbhh& e e et al ., 2 0 2CBf; nZohtoeu, etth ea
di ssentifmigndiie mgdmafcfher ences i n AVag efmpousaded i on e
adults with | ow support needsel dwain@leX B safl i.n |

di mini shing TBW diffeAemsedritm &JBlerhooed, (26

Al t hough tempor al bi ndi ng, even using sim
atypical i n autism, detection paradigms are s
show | ess acAKMirmnatgetordedleeweéaount icsotm Pcd rceodnd weoil mso e
al . ,, 20t18gr studi ¢éOdDwybowetompar aBDe2,; bEdtareal er

Bo&mchell ekens et al .det2a0clt3i;onmMidédrifnoremmamde ., WHe
consistent, however, (S t hat autistic indi v
i mprovement in performance as a result of havi

to a uni motdiadn)priers ethnies e dettheec tmuol ny atsaesnkesw haydompt



by -aanbhi sti(CAicosnwarotlls et al ., 2021; Brandwei n

Ostrolenk et al ., 20419t hOwwdrasatg .xlt. ,al2Q220214

1.3.2 Conppolcexal NoSt i mu | i

Compl ex soci al stimul.i refer to stimuldi w
without soci al cont ent (e. g., ani mal s, bounc
examining -somphkexshbomuli rel atiiweditnog so talreer ssotm
mi xed. For instanchkVcl wipisl @ef ome botumay ngs ibmad I r

(Smith et ahoth&mWlghudy wusing cliBpepirngthands
Both studies recruited adol escent participant
stimulus used or, perhaps more |ikely, of t h

individual s.

Despite these conflicting findings, ther e
c omp | esxo cnioanl stimul.ii is atypical i n adtiighm. F
bi ol ogi cal motion in infancy §iFaYoekeocieat ead . wi

and auti staigedprcéastcthoein show nbightzebpokbgrieal
over inverted moti-anot wh e nFcacYpcekpears eed tAdd dnam2 6 @ 3 )
pres@algeadl chil dren fail to show no gaze prefer
asynchronous moti onautasstiigtcFeYmikarotlesdt BY. noaol
Bahrick, FA02 3)er mor e ra gstdu daiuetsi sitn csachadldren r e
during multiple object tr aicke rnfgqgr(maardddeng he smakt

2023)Thus, although there is still some uncert



nosnoci al stimul.i i n autism, AMatitenlti lbal ¥ htah ate

infancy and persist at | east through childhoo

1.3.3 Speech and Social Stimuld.

While simple -aondi abmptéeéxuhbnyield samewhat
gener al consensus amongAYVYsepeaaglthamd othher peoc
atypical. l ndeed, SCI is a core feature of au

(DS™MAmeri can Psychiat,rilcanmgwragd aitmpai, r AeONt3 ) wa
for an autism di-amgaloysiss WMasecepor med aAVonsi st
speech idratse gmeaada s wmMed mMbyses ppecbepti on, phonemi
il lusory Opneirtche dtartgaesrk sef fects be(hgr obsegyeW el
et al., 2024)

There is substantial evidence that atypical

even at the phoneme | evelAVsRésadbtehphogegemet §i i

(Fel dman et al ., 2019; Ilrwin et al., 2028pu§th:
setevenson, Siemann,) Wowhiaclo siks ,cenr allat, e @ Owi:
overall autWoymageowkr.i tefddalt i on2a01%) a number o
simultaneit aVsjyuldiganbelnetss, oafut i sti c | fdioeirdwdl sal
2013; Fel dman et al ., 2018t Noedgl Sttt eavwhsohQ 2.
i's associated with increassgspgorsiidoesesnenanaodfsae

behaviFerisdman et Talis, 120X ®) finding suggests
processing in autism are |ikely, at | east I n

mul ti sensory gain for word rétoghntebnahas abD.



Bennett o, 2007; St ewleinsho nf wrtt haelr. , b o20slt7e)r s t h«

function plays a substanti al role in extracti
Neurophysiol ogical mar kers el ici &lkdcibdatnrea
sensory and mutlthdtsemay ammgadiargleioadsf fi cul ties in

during passi vMe gsmpien2c@l 2vaéepwirng,a robust centrop
i AVspeech rel abnVvVg s8peaabi sorwmwoaontrol s, but

(al t hoDuwgnhh-Gsaxer & et) .alT.h,e 22 or s al so report tha
correl ated witaH <<LCoaormaus iacmttihoeu Soueeis teite mad gies €010
a relationship between neur al responses to sqp
responses to speech are even seenAVYsnp eHR hi,n fdaon
not show t he -gditagmmtcitaelr isnhandeament in | eft ten
inf aRt va et. aIMRI 202u2d)i es have al so shown aty

weaker activation riwn nawdi tadr.y, c200r2tIleoxmbi atde ¢

neurophysiol ogi cal evidence indicates that au
(i .e., feedforward) and | ate (i .AVstimaeédback)

As with cemplak sonmul i, gaze preference c
attentional changes in autism. Using natur al

decreased fixation time to thefaroutlhe memd si n o

di agnosedGrnaoassmwmamcest al ., 2015; J. R. dmavi n &
HR i nf@Gmawar ska et al ., .20h2s khortaemoienadal shi :
the amount of redundant visual information aui

in part explain riemduexpe miuineé nassz Invseal el ty t adsma jrsenagl u a ¢

i mpairments sucHhmas siemgainrpeakuhisemes@ aolml e(jsdees: Boet



a reivkdwwever, studies comparing fixation tim
al so report that autistic individuals do not
(Righi et al ., 20 1F8u;r tThoedrdmo& eB,a hartiycpki,c a2l0 2f3i)ndi n

mo st robust faowor |l dt ppadéedidges k6 @dal ag nmAOy2s0i s ) .

Combined with the neurophysiological evidence
how autistic individual s .ah@rrei biug egrsawiimgpcev

dopaminergic signalingBlmam d&t altypi2Z@&@24; nDiaQar

f orrevij,ewsnd treat ment witdhomxmdmes na anac ivaatseodp
bondihrmg mpreemosed as a method for enhancing so

Guastella & Hickie, 2016r HaefuiRelwks)téu dY ceusn gh,a v2e0

significant differences Iimspsochababhéetiwavdtipomec
bil ater al caudate @nemamtt erfedr atanmpaBidad e . ( hee

neur al correl ates of soci al moti vati on, and r

investigated.

Finally, it should be noted that in addit:
to correctly identify emoti on. Il n experi ment
di scriminati ngoienot@lroamaso nmeaa et al ., ,2013;

sl ower discri mi n(aHao fofnmarnens peotnasrsed .trien@®e@®8d mul t i
compared to unimdHodlf mpnesent aatli.gns202RAut Ssefa
individuals also show increased variability i

temporal (Pegaeoaree¢eaal . , 2020)

10



1.3.4 11llusions

Performance on multisensory illusions can
MSI in autism. One cionndnuocne di |flluassiho ni,| Ituhsei osno u(ndl
auditory beeps alter the perceavlras . numberi lolfu
bidirectional: more beeps than flashes can it
occurred (fission), or vice versa (fusion). T
studies indicat iamigesauastci espttiicp K annwdailkvai @iluFaéltsi & ke . :
ot her sc ormgppacirdtbusi on( RerAep$ti enenson, CBehgeerrss ,s te
have reported that autistic individuals show

fusiBao et. aln,|l 208&a7With f iFod&ien gs(2ed IrOadorolratr gt ehda

autistic children are susceptible to SIFI OV e
di scussi oAVsotfi muilmpl e¢e he true incidence of SI1F
nuanced, and dependent on the specific part.i
endorsed, etc.).

Speech illusions can al AW nteegusaegd oans aadbipr d
commonly wused il lusion in autism r(evceGurrckh & s

MacDonal,d,i n9wki)ch an auditory syllable (e.g.

di fferent visual syl l able (e.g., [/ gal); the r
(e. g., [ dal ) . The maj or i t yl i &kfe aUetipiosunt isr erseedaur
susceptibili(Bgegbko theaill lugi0dd; Fel dman et al

Si emann, Woynar,osXkdneange,t Mdng, 2Hdr4 ednnad)yas,i s20
including in HR infants, who do not show the

(i .e.., i Mc & uurskpoh)b raennté Guoanr msi d .etReduce ®0slikgcept

11



t he Mc Gur k il 1l usi on i s al so correlated with

(Fel dman, Conraandd, dectcralased2 02D iFrrgqgt ieme atl o, t

Combined, these findIiA¥Wigrst esqurgagteisan oivre radtli swe,a k!
both attentional differences and cor @ eduwttiedm
changes, but these findings are contradictory

in chhhdrem tadbdywylsacrenésndl ot he&r0st03 hoWR.ngA.t he

Stevenson, Siemann, .Aoywiatros kI | et hal . par&®didd
variations in findings should be expected as
date generally supports a reduction in audiov
the McGuok. il |l us
1.3.5 Structural and Functi omReelgi binfsf erences i
Understanding the structur al and functi ona
brain areas is also critical for furthering
atypical MSI in autism. Unfordmuesattiengy,stt atee prfi
and structural MR I (r sMRI , ifarRIt, e msnar siMRdgi mee

functi eamdlr amear spedtmays nopgytbebNERSEPr auti stic
significant motor stereotypies Oor sensory sen:
of autistic liomi suppats weeds unl ess ot her wi

acknowledged with the caveat that these findir

of all autistic individual s.
Additionall vy, it should be noted that neur
l ndeed, a recent review of imaging |iterature

12



neur oi maging metric (e.g. connectivity, act i)

defined i n (othael |didrag/c.teifomadl aut AOR4) further not

consi stency among studies in age, sex distrib
or even among processing and analytical met ho
acr osise tay xaofrr tsiucbal and cortical structur-es, th
findings that make it I mpossible to generaliz
duration of this section, walfycess thrait mdorivley a
synthesize the information succinctly, highl i
well as implications for multisensory functio

1. 3SGE-Bartical Structures

One of the wearliest identified brain regi
(Courchesne et al ., 1984; Cour.c hWisinlee &t MAd | ear,
is |l argely thought of as a motor and vestibul;
order cognitive functions. Il n auti sm, documer

orienting and hatvtee ibteiemn alot i fttoi mg@gsembl e def i

dama(gour chesne et al ., 1994, Courchesnlehe& A
cerebell um also integrates external sensory i
upcoming events. Thus, cerebellar structure a

perception of and action toward multisensory

Il n 'ine with early work, one review discus
t hroughout the cerebell um, most notably in | ol
and visual (@Kdremen® GMhjggofatl sbe expected that st

attending, orienting, and responding to audi't

13



di scussed findings of reduced(Dotughewbyume ah

Pagnozzi etalat hqgqu®® 18 ) sBrsa mbnalt(® @Ongote waslew hlay st

finding cerebellar differences do not adjust
and many findings conflict wi t ha nead cyhs et htehra.t
reported increasedn tautadtsaonefrieebl edl |leatr avlio.l,un2008

others have reported specifLitodaceeasnes ,i 20gna

N

0OL6)and @ameal ywyst & using the Autism Braid | magi
one of the | argest compil ed sMRI dafnodu nfdMRiIlo d

di fferences in(Traebebt abBhwsg,r iOtl 8D e t o dat e L

cerebell um plays in MSI i n auti sm, it i's evi
atypical cerebell ar structur e, which is 1ikel
acti on.

There has also been signifi damte butned @estofi
connecting the | eft andand gihtts hrearies pihre riersf corf m;
aut i sm. Unl i ke the cerebellum, wifimdangsmbeaer C&
revi(eRws Booth et al ., 2011, Brambilla et al .,
20009; Pagnozand eampe tal(y.Kres20 8) & Har dan, 20009; I
Stanfieldrepoating2desjeased tot alalolri daeyl adti v
20 2X4dor a ranalntysmet aeporting increased total

suggests decreased {RacBioomal eaniasotr @@y 1ii nDC

et al ., 2016; Travers ealtthougian2dd aidhOYeae add . al
metaamal ysi s showi ng mi x e d findings). Combi ne
interhemi spheric connectivity, which can | ead

14



1.3.5.2 Cortical Structures

Over the years there has been growing inte
The first MRI study to show atypical brain vo
to 90% of autisti@agedddh€dbmrames mpe. ea3xthuadbi le,s 20
infants | ater di agnosed with autism also sh
(Cour chesneandat bala.i(,;Ha2z®dedl)meoevte ralt.h,e 2f0ilr7s)t year
to popul ati oaan aloyanss &l snetfaound that in addit:i
increased tot al brain volume in autism, this
suppor(tSaecedse.t lant.er €9Dtli5ngly, brain ®utztesappge
controls by adolescence or §¢dkerRlt Bood hi et mad t.
Courchesne & oRi erjecvel,e@Xs®0 5 i ndings suggest that
infancy, particularly in the cortex, followed
adol escence, mayabeée tphaearnaeagul(t .e@f ,owerny yi cal S
di srupt i ng-annodr nbaehtevinevebnh k ncamd erma ti wridatyi on .of cor

A reviCewrltynesn@O0e@®bdrtieesr ctehat the findings of at

been most consistently reported in the fronta
pari et al cortices, whi ch ar e brain regions
compremensaind producti on; spati al integration;

cognitive functions.
|t should be noted that while early brain
popul-baased studies reveal patterns of early br

autistic and otherwise Raeabhhhyn ehotladmagm sl S

15
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rthermore, a number of studies finding incr ¢
or sex and have meBrhaondboillolga €teatt al}..o,BTMEBEOS®3 (
searchers should take care to account for
gni tive, comorbidities, etc.) when associ at
s core and associated features.

Nonet hel ess, there is stildl structur al and
vel opment in autism that has significant I m
sterior superior tempor alvesdulicnusa u(dpiSoTvSi)s,u awh
rticul astiymdélor. sbeiahg object viewing, f MRI
t i vatye dunfiommod al auditory, dohaaeni madabnvi sugtlt
manticalluyfbdioonguaéntpaars compl.reldodlki nignc& ni
Q8)suggesting that mulnays ebnes osreyl eicnttievrea cftoiro nssc
i muli, as well as semantic congruency. | nde:¢
di ovi suyuadleespedchal . , 2020; Erickson et al

auchamand X@pdede)c h s o(cli aaH n askt a smkuit oentp aaA®mo-n 0 1 2)
ci al stimuli, as wel |l as distinct patterns
esentations (iAlepertingdtegabhtj o20@8f e&iasas et
rchant & Driver, 2013; SkipmwperTSetal ®lo. s hdW&5
ecialization, i n which the anA\srpieoerc hp odrutriion
u-thrected gaze, whereas the posteri ofrf port |
rectellemmizeg & Beaumpihsalnsp ,i s20all8)o sensitive t
owing enhanced activatimon cteo pamaotsi cwamanlplay edo

(Hagan et &dlUurthe00Bhdicating that there is

16



I n considering the specific social communi
autistic individuahe, dekhel opmentoif ® jpe88duSttiihsem f
exploration. Atypical pPSTS strucAMsmoei mady s$ p ena
For instance, during aHwoisedadOclt/d@tbironthacogmi
to poorer performance on the task, an increa:¢
associated with decreased fixation time to e
individuals are k&sasksusteapgpiiobl,eitoisfee gMer es
after HItcrkoke;et oml t empO@1&8nY disruption (e.g.
sti muAbAhi en; al ., 2024t oMaeffuepSe@s ahhjbR04g4j u
MacDonal d( MaGadkgé& Mac.DoFwarltdh,e rimo7rée), i n heal t h
responds more strongly during perception of M
fused incongruent syl |l abl es, as wel |l as i n i
compar ed taor et(hhasten wehto &Llo.mbi 2@l ) t hi s evi dence
pSTS function may be | nPAVpamtt e sgoutmiss b, ep & rotri
speech and | anguage. pSTS function al stohiasppea
popul. atbDiecoar eased pSTS activity in autism has &

i ncluding di slcirghmi neamd tnigo(npabla ad X sr gestmaakln.n,g 2s0olc4

j udgnieCatrst er et al ., 2 0 1la2n;d Rlaurrti enlg( dsaoecki ad | Nomi & (
2014)

Similarly, there is evidence that the post
have atypical functi onal properties in autisn

net work, playing a significanitn@e@ehanignephahol

for a)anedvisapmeiche compOzhemsebnal .pST2@ la7l,s 02 0slh

17



sudbddi tive M/ AEB@exichin&losnptas ed t o s umnkeadr turnii ano c
et al ., 2011; .MeftMRjlerr eeste aarlc.h, h2a0s2 Od)e mtotnrsitalat e c
coherence of BAWVWBpeeshomoaenp afoed yt f lReedih tgo r&
Beauchamp,ao0owel)l as eAvVeamot¢t ednacti muly ftcompar
presen(tkarteiiofnesl t s €omhined200f¢gse findings cl esc
integration effects i n r esspoenescen tsoo ca wdi osvtiismue
pSTG al so fsaocciilalt aadwedi onwoinsual MenéeebrazZGo®@a)t &bOb
report enhanced pSTG BOLD responses to spati
spatially incongruent stimul.

Structurally, there is fpaTGliynCcdwmisii sthealt. ,e\
Lim et al., 2015; Xi ao;, eXeea¥Ya.n,g 2600lrda;lea. Xnad 2¢2k1le6e , €
althowHgh Waeg 6t als. we2022as al Gaiggeh tewa radh.ia, c p2ndinds
|l i kely to have implications particularly for
research in autism concerning pSTG has focus:¢
pSTG enhankvemeath &apbpe graded adtcemdineqg d @t ir
and autistic individuadsompadrhe dyotoa tl mongeae awiet ho
| angdusalgcew i ncreased | eft -aSultG satcit(cEvdgtswt irroaltsa tail v ¢
which may suggest that in individuals with po

AV speech are .degraded in pSTG

Finally, It is critical to discuss structu
pari et al |l obule (I PL), specifically the angul
a wkendown rAe\jinadregafati on, showing enhanced acti:
a varAwtays kasf, includi(rCapeke ed h alpii stodODolg reit aii e

18



et al, ,semdrt)( . rke.t rS mivtaHo bejte catl .¢ &t2¢g0glo3r)i et alon,
and associ adtGowmez al e areii saglu.p,t i 200 00)f AG by trar
stimulation is associated Wwimhgredué&edamdg mpdr
SI FI s us(ctegmiilbtidn teyt al ., ,20nh3;i ckhda mkneg dthadal AG
rol AVimempor al acui tRyuranrhde rinmmtreegr aAtG opn ays an i
comprehension and shows AVspeeabewi attdegtpdied

(Bourguignon eH¢igaten 026&| vE&nbkDaag) atypi cal t o

autism described above, as wel | as core SCI a
not surprising that autistic individuals exhi
superiogypasi eéaabther multisensory area), t he

seve(rdi.t yWang etFaltherm@dr7g, there is consisteil
matter vhbhlumet (feobre ,carddltyasi s) b uhe rdiexplearsied 1 e
state conGeot evi fagr. (@BABLtYas i s ) .

Like AG, SMG is strongly associated with |
dur Avisgpeech (Calteearithg& Campbell, 200 3; Capek
2021; L. Zhaagd &p rDauf, e r2edr2t2i)al enhancement for <c
AVspeéBbBrnstein et al ., 2008; Langedoene valr., , SM
has al so been showrmpetA¥phb®ec ¢ yvionyg.edFom inmANt anc e
enhanced aAWicoapiaomerdtodo wuni modaniot aadi tpemy ept
(Baumann & Greeslweell 2897¢nhanced adtbhiutatniodn
i ncon@AMVodrtec( Xpaies. aFurnt ROLM@Yr e, damage to S
a widening of the (&mpbeaal i bi pTdh uasy,. wS NE@ @ap)p e a

broadly associ aAtVedt awgt &t is dWceonrgcsehpme Ffl o ransat i on .
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shown t ha&tbuitn n@uwt in®mMidd nocaretarseelds | eft SMG is as
|l anguage( Bugsbomeestwhilch mMaOY 69uUuggest an increas

in thitso regmmpeinsate for atympeciafli d umedii @mms i (ne

pSTG). I ncreased SMG surface areaX.has altsaoalhbeoc¢
for aanmdtyasi s) , which may r esu-latndi b endent eMomika |l a
connectivity in this area. -cbhyasrfaucntcetriiozne di natS MG

possible route fAWIrnbegrndtdohfaebehtcesesnand wa

It should also be noted that a number of
generally in autism, ratrlegrn otnlsan Aitiyype £tail ga tPiLn
has been reported in auti sm, vhiotold & ud e d rneca seea
adol escence and young-awtdiug tt ihado d owatargalteYv éa lt. o
Transcrani al magnetic stimulation of |l PL i n &
t heory of mi nd andYurmennteal fazli.n,g 2t0a2s4k s w) s €& t h
di fferences in the formation of | PL in childh

this could have significant consequences for

speech and dmmgnutagendeovemhpr ehension, and broac
1. Plerceptual Theories of Sensory Processing Di
1. Enhanced Perceptual Functioning

Over the decadesabauhtreu mbaetru rcef otfh escerniseosr y pr
in autism have gained significant attenti on.

Mottron et al ., 2006dedMotithesy &heBup ek merdnl
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individuals perform supented tas&esnt boktscompad
This theory is perhaps bexdnmillgt)usltArbattiesdt iicn itnhd
show superior performance compalreevdelt ovicsounatlr ofl
(e. g., Breiremnat iean;al . , 2,0 0I5 ;n eP MaunrsvCaetdurreed, | b é . e
2024céeélbgmann e)t, aildent2i0flygi ng embedded targets
bl ock devitdn;etsfedr. ,aa rhddliyls i s ) , and visyal scer
Smith & Milinet e @B tSianhgolsysshow enhanced perfor ma
tasakslbow RkRinglhe sod mearutt i sm f e at(uQheesu nign etto dadll.e, r h2
et al, ,s2®d&9ti ng tolrate nedrehda npceerdc edpettiaoinl i n aut i
|l ife and continues throughoutdedevel apatejhdacstklsn
compl eBoeotns et al ., 2018r a-@fanmonmEydne nd iegt Biaid mis n a2t(
et al,. ,al2tOhlBBogbar seen) et amad. f o2 l(Bma vcihsi ngt/ sala.r,c
Hagmann et e@lo.ryti eal@ddly 6duipf f er ences.

FigurExdmpale Local and Global Visual Seach T
Local Global

1l
e T e e e e O
- A4 4 4 1 A4 4 -

gur eeflEExlampl e of vi sualpasretarccihp atna ssk troe g uicr
uster of figures whRilgek=t«agmpolrel nogf tfhoer ng | doibsac
rticipants to determine global form while
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I n the auditory domain, t oeloevVvetlhesrtei musl uesv ipde
such as enhanced pure(Boneeldi etriami nat2i0dDB, a Ri
Jar vRPRaaxelney ¢t adlt.h,BothG&8 etamd .spedcdb)cont our d
(J2rPaeéery et Hbweve@nm08%ome research has f oul
l inguistic auditory tasks s(urcohs taesr neetl oady./,h a2rOni

al . ,, 2&dtli)stic individuals reportedly show no

1. Weak Central Coherence

The proposition of intact gl obal processin
degree by the theory ofrweédk &c élapp &l tdh&B droOmc ¢
Frith &ebBapp®e a fail uneé&.bE-GolbeembDheetd rmyl aa fc dANIPr4cC

for-smecn al behavior al di fferences commonly obs

-

igidity of routines, and inter estdtihhme odgug reecrta l

mpression of Aamay mhargeeda | isntThbaewt,issen.gest t hat au

Api-ae &l processing, 0 which may explain except
performancoer ieemtedt aials ks, as wel |l as relative
compl ex gs.c,eneemsot(ieon or intent).

Arevi éda pliy® 9Pescri bes the relative ease wit
judgments about visual targets when presented

individuals accurately judge the sizeibétscent
be theFigamehl(2 hBogar s&eMit.chRIl i millI9®M® | ack of
mul tisensory illusions has al so be@as coibos eetv eal

2012; Paton et al ., MGA;r kSadtduwumde ro iVetn ga | .He , 2 0]
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Figure 1. 2. Exampl e Visual 11T usi on

Figur&xamgle of common vVvisual il lusion wher e

di ffer as a result of flanker size.

for anmdtyasi s). Combined, these findings sugge
details of a scene from the gestalt and are |
Hap fl® 9®l)so descoriibeenst eddetvaiisuospati al construc
segmented i mages i nto awerhdeamdisnngcfeud vgeershtaatlitm inr
stories but difficulty recalling overall mean

Much of the research to date exploring WCC
the first research in this domain concerns th
are asked to | ocate aoddlyapp e adednhneadgded.d eRmatstthe rn ra
times on the EFT, which | wdiregptoeg temnhamceadtdestt

early (akolll9i9f7fCo h& nBarld®m®have beae mcreHdhigagian gesdh a w

et al., 2018; Keehn et. aUnl,i kel 0f9i;n dPien ds csamnpop cer
these studies have shown that 1in conjunction
show i mpairments i n gl obal processing tasks

di scriminate ,Bélolbia¢amaegtemodli on 2005
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Simil ar-viyewi mg sdvahteardd igormsonl y a portion of a
givemMatuitmesti c individuals shONaldnp®cdt ralc.o,gndc
David, eanaloveea@llb)i mpaired( Bl oblaar figtural dj s
et al. ,Ac@di0Ot8)onally, when asked to coHAdstkreuct
pieces, autistic individual s -aperifsarin (nRarmgDapr cadt |

L. Booth & Happ®, -QoheSn, J20d1;f f de WBiICeBrady ioente d a | t

evidence suggests that autistic individuals e
from i mages. This is further illustrated in p:
wherein autistic ibddeki Wiedwealts onnh ow ochmmagreas | n (

t heme, but fewer coriladt ddMahkeanhgdecsmis eotf alh.e,me2 (

WCC has al so been examined in the soci al ar
soci al scenes, autistic i ndi vidual s demonstr é
intenti on, as wel l asrieceeasesi @age. tewaokeg

Tassini et Fart heemddAespadmseé ngarfrati on of scen
report fewer main ideas, c(hBaararce se-C® hBamren2 A IL 2 ¢
Faust mann & Altgassen, Du24n;,g Kemnoant aente oauls. ,n azx @
fail to generalize common routi nes-r afcaroesrst ipae
narrative destbLophi enhs Abfd,i¢ 2 @th&Y | vy, whil e aut
comparable factual recal | of nar r at(iNwuessk,e t&h ey

Bavi n,an2d0 1alt)t r i but(iJnogl ImefniCeah & sBaart &% 9 )
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. L£Laxcading Effects

The theory of cascading effects hypot hesi
ocessing in autism: -didet  smaagyspiwialll fluemad i O
nction in dowdsetreamshighandFimgl)lils8hrsony,
ficits in (multi)sensory function become mc
g.)Jl1.3Be first hypot hesi s i-er peredacabsd po
edf orward inébodenataoeas o(@igherprimary audit
sruptiomrder as¢omsvery area i s expeaentfeod mabi ¢
tegrateddem hegihems. The second hypothesis
ocessing demands increase with stimulus com
Il n uni sensory research, we havehewmhaady ddi
ientation discr-demf haedomrsi hoswtl dianli gprginfaied aamgtsl,
rformmheemnc et he gratddiengaedr it ext umernrd onies Led | la

05; Vandenbr ouThkies edanmel .ef f22c9)has al so b

i scri mi naBteiram ntea sekalatlhou @0 0f39r si mpl e sti mul

rsist outsideVard ®©ylrdry. etlhnitdeéd.heosot2iogl)y, it h;

i sual motion discrimination deficitgCar &. rec

bertson .etMoatli.oon 2i0mi2t)at i on aliLlaiitny® =howasl .a
ggesting that complexity of visual stimul.i
oviding more time to encode the information

| AVi esearch,studiuenbdbehawvé examined cascading

TBW. |l ndeed, while the TBW in autism is enl ar

ob

served for speech st-smol al(chagperuedrd 2eitp aElo.mp |
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Figure 1.3 Schematic of Cascading Effects Model

Extrastriate &
Vi

Subcortical
Structures

B f Flash + \ Hand Clap Speech
\ Noise Burst )

(&= )
\| i’// ,,

Simple Complex

N
v

Figur®chemnatic of cascading effect A.Lnoondeerid eart stehr
feed forwardetro steingloery ar eas. Di sruption at | o\
information reprdeentned@asn HGgheéleschl éds gyrus/
cdrex; pSTS/ pSTG: posterior superior tempor al <
PFC: prefrBpo@ritadp cohirftfeexrences i n MSI become mor e
Smith et al ., 2017; R. A. StevEusbher BoereemanhB
autism is correlated with illusi-encpatltcéptgon

sti kL i A. Stevenson, THhae ggeriss, eetenalo.b,sealkd8) i n
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di agnosis. HR infandisn denoevd casnpsairmibll aer TIBoMsk i n g

padte LR infants -acaciosls <toimpu lexs nasnydn cnhdreoxneide s
as shorter | ooking ®©Oifmes sbobaci(aSbuyrs ¢ hemo haila.&,e p2al .
together, the evidence indicates that disrupt

compl ex stimuld.

Evidence of cascading effects is particul
autistic individual s-aptirgtoiren compresph® d&Ymt com
semantic matching tasks, AWuwte eecxhh immaittc hp onogr e ra spke
perception of t(hMeo nMad Gu rok, eitil hadiis.¢c,@atn2 @8 )t hat eV ¢
individuals show intact MS | for some sti mul.i
i ntegrati ve pr oScteesvseenss.@ Ald&diptarid.n ailmpya,i r ed phone
recognition in noise in autism, abtuhosghcwboht
for phonemes, autistic individuals show signi
noi se. Yet d@d tshhetu,l da A¥emmhi bher @BWwWgni ti on i n
|l evel s ¢ ompautaibdtei ct oconnotnr ol s when (sTtairmduIfusetpre

20Q7)Combined, we sugMesteghati dnsfapthoghl yoc

be a result of i1 mpaired or slowed informatior
| oad.

Al ternatively, decreased MSI function for
attention specifically obshaweidndroaasseod ig@dzet,

inverted faces (compared to upright faces) an
taRi nf d®i s Gi orgiq ehiah. mag0be) i ndicative of

preference. This difference dppeaetdiss taioc comit i dt
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nosthow gaze (bri ofl orgea mcda-iinakteiroet al ., 20487 #&ou
they show enhanced brain activity in respons
scrambl ed poi(mbt. IYiaghyt duitapsitayc €h4 ) dren al so s
gaze toward the face of a speaker and | ess mo
paired shappds ®RndlInwi ek IBmr aadwlztisdgow? plaryd @ pstt u
indi fference to social stimuli. For instance,
direction cues than arrow cues, autistic adu
(VI amings et f MRIL , s20di5¢s indicat-speowitfeind i aéu
circuitry, such as decreased acdivusiyf sumeac i
regions more typically associated( Kva ghi rmd | etct:
2008)mil arly, whekeviobweogsfaaeati stic individ
evernetl ated potenti al (ERP) characteristic of f
(Akechi etEyael tra2glilAaApy studies also reveal de
scenes and sl ower fixation times to (sPreo st el

Karl sson etSadcagdeOll®t)ency to social (€r-ement s

Karl sson .et al ., 2019)
1 .Nceural Theories of Sensory Processing Differ
1. Exkxitation/ I nhibition I mbalance

First prRupesnesd eby (RO 0d)dz druiralther moti vat ed
epilepsy is frequedpreseomelbi &btOiga wifi 8tnh e

autism poypd8e azi oat al ., 2018f;orL urkénvainejWwea se tb eaelr
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suggested that autism may be characterized by
signaling. Some research suggests that t his
decreased glutamid@anaeindychecarigjeany leab etoyrr i ga nar
( GABA) sdyimt htehsei scer ebel |l um and pari et al corte:
density throughout the parietal coBioex, eupal
2018; Dickindom etvakws) 20M&gnetic resonance
guanti fying GABA and glutamate concentrations
studies finding increased glutamate or decr e

struathdr eost hers findi Pgckionsadrnf fetr eabtesf @M & 6 ;

revi ews) . Mearnea | ryesceesntofmeMRaS st udi es rePwreét fir
al ., 2023; Thamsiomnetr ecalkbd 02 hmMauglOE3Y t he
Al t hough findings of excitatory and i nhi bit

somewhat mi x€dni aanevZeRhbyutmdbs t hat emeitnrhiyclal t

Daspartate (NMDA) receptor antagonists (i .e.,
have shown i mprovements in a variety of autis
SCl; theyhat sol reppoalt trials using GABAergic

oveaatsewmerity sacmdMR&sstiNdiyabkeyegeahed increased

in the motor (Bernaxdingoastuiggmlmsti @22 hat hyper

mot or cortex may play a role in motor stereo
di fferences may also shed I ight on the possi bl
have revewd edoretxiceaslsicol umnar density in auti ¢
hypeexrci tability witBloiznz il oectalaln.et wo0rik8s; r(sseree ovs ¢
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Il n addition to structur al di fferences and
bal ance can be measured i ndir ebcatnldy @vevthai \HB G ss i
generated though the interactiyamn nmieatawe enre uGOBAs
cortexezs8ki _& fWarnga orRRé@di2&W) rati o. E/ | rati o

rati o ofexecxictiattaotroyr ysyna&pseds adodyi Bynbhips egy ewh

202@Wropose are best estimatrec|l faromnampl itthed a l

vi sual domai n, bot h MR S studi es and EEG stu
mechani sms governing atypical viscumaéaprongeGAB:H
concentration in visual cortex was associat ec

(Edmondson ,etsuaglg.e,st2®M30)X hat atypical vi sual

associated with hyperexcitability, and that

deficits. Similarly, EEG studies have gaemmal ec
power response gain observed as a function of
in agPieshkmer, SchneAdddeirt,i @éntearl d @D 2rd@PdABY) t hat a L
individuals with atypical Vi sual-brparionc eB/sli nga t
whereas those who do not endorse vVvisual pr oce
noautistic controls. dhusatidercriemasedr GABAd covon
whobrai nexgipeabi l ity appear to pldyf faeirmnd ®esi |

auti sm.

At ypical excitability throughout the audit:
for dAsaeasly as 1980, Rosenblum et al. not ed
brainstem hiegppoppsewuthmettsc chil dren, as wel |

response | atehh®.y MndRasmrd hlteumegt sdli.ng T h&A) at
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of neur al processing, there may be difference
i nf or Mag ssopneechtening elicits i ndgrAgausd di ng ammee |

2024; Orekhosaalmetaldenc e 008 atnhnea tcydpui pcl anl g gt shpeet eac

|l i steXingyyang efFram. t h2928yi dence, it appears
l i stening, autistic individuals exhibit i ncr
decreagadgleorpnnecti vity between networ ks, wh
ofeamni ngful | ingui stlindeand <dAo wita luniimfnorerma tail on.
gamma paoawemg speeohreéliastesi wgth poorer | angu

chil.drSemi |l arl vy, reduced GABAEdmewedels® nazdrndads y!

i ncreastkerdaiwh giteasttei (EFlluacakdmaumr et aasoci a0Ed8) wi

communication abilities in autism, which sugg:
be particularly i mportant for speech and | ang

Finally, although there is |imited evidenc
there is one rodent study that has shown th
interneurons (i .e., reduci ng AVYhegideegrefe tolie i
extrastriate visual cortex not AWsltyi ndudliay sburte
el i minéAVesgpadditde t i vity in response amplitude o

inactivation a(m$ctwdrdmairss t&.eATThBevaf o2& 23 Wwhil e t
still in its infancy, there is reason to bel i

atypical audi ovi sual function i n auti sm.
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1. 5PRedictive Coding
The predictive coding hypothesis supposes |

arise as a result of atypPabhimestatialti ca20l1@ar

2012; Sinha et al ., 2014 ;mpVYYarn ache | €rupgs aet stai
environment all ow an individual to predict L
modul ate auditory <cortical acti vSatnys teot faalc.i,l i:
Mett°nen et al ., 2002, Callan et al ., 2003,
20D5

Habituation i s one mechanism by which we ar
in autiissmti & individuals show decr ea(s@ar ynealtr a
al ., 2024; Dwyer et al ., 2023; Gandhi et al .,

Orekhova et -Mart2mR0208¢et Raliizti @020y, auti sti

decreased pupill ar(yS.r e&shpaoon seatn daulp.pgeB@azadjdc s ki
respo@Gamdhi et al ., 202 1o; rMgtesau zzadk ia uedd g edfrtys s2
al so indicate greater subjectiy&uapeusalt @d.r
Taken together, this evidence suggests that i

habituate t odaaufdeiattourrye stthiamulmay al so be rel at
hypersensitivit.y Faunrdt hseorumod ea v eartsyiponc a l neur al
stimul.i are co(Beluantad ewmintdh I nwagrBEkabhERlau et al
Roberts edogani.t,i eDualpielsit i Hesvtehatauldowory proce
are related to more &daosnpWwelkkl cagnithievaehueret ic
sensi(tMavistuyzaki.l et tale. vi 20422) domai n, reduced r

in fusiform gyrus is (ODoMedll ot ed wilt h 20&@MBgase

32



We may al so examine predictivien cwhliicnhg & yd em
auditory stimulus presented after sever al ref

negativity ( MMN) component charmcteppsesti cneé¢d

(LSN) autistic chil dren, evidence generally
(Leponiena et al., 2003; Kamita et, all.t,hoalhl;s
Abdel t awwab o& BHadzt,bem@cdyli5éna et al ., 2003; Kami t

2020; Zhang eatl tahldbglke28b2@%wab ,& dBrazi, n Rebeldb)ot he
components associated with theWautdehougeod&dBal
2008)Ifn more heterogeneous sampl es, the resul
decreasadpMMNudes ha(vke rbreie netr eglo.r,t e2l0 0 3; Hai g
al ., . HoWe8/)er , s p e edcuhn | o dkdeb atl hlo stea stkos pur edt ones
show more consistent delcerpeasstes etto aMMN  a2ndp0l5i,t U
2014; A. J. O. Whitehouse & Bi s haopd, i2n0c0Or-8;a sJle.d
by rial ampl(iH.udle. vaream$8emirdblsol/dyzZz0 p@)dbal l par
revealed reduced MMN amplitudE@Ghampermttiheraudti s
Erwin et al ., 1991; Kujala et wkll a860bpngend

i n a(dKidijtasl a petsabgesDOAf)that autistic individ

detection. Taken together, tlheev e b viaduedn deo r § u g
di fferences may be present in some autistic i
speech appmarre tooneduiirsatid ncth an geals viN nad tsied teiss, a
metaamal ysi s of neur al changeanosd et eodt itohne sien ed U te
small , tdored et hadt no subst aowiidd f fe &in rel raieteh eorf apuodg
or visual (/adball .eashkhs$ ., 2025)
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CHAPTER 2

|l ntact audiovisual spatial i ntegration

2. 1lIntroducti on

2. Audi ovi sual |l ntegration in Autism

Autism is a neurodevel opment al di sorder th

i mpair ment (SCIl) and patterns aihmdtred RtRB)sct e d

(American Psychi at rlimp Arstsarcti layt,i oanl,t RAOUPBH not p

criteria, sensory processing differences are
as being part of the autism phenotype, wi t h
seanrsy -hgaotivengereyachtyiwért ymore often, a combin
Further mor e, di fferences in sensory p6Gocdssin
Baranek et al-Fei @o0dt8;all., H2Z@BR2AsIBRBogdeet aal , , Z
J. H-Fekgsset al., 2012;. Schulz & Stevenson, 20

To better understand sensory <contribution

i mportant to consiimea mernes omraiNgptr ami@dstsioon gneannt nse r

typically multisensory, comprised of i nf or mat
mul ti sensory integratiton d@we®l )hoame sceeaitoechriesdma la
integratciacnonhfwhi plarti cul arly | arge behavioral

augmenting comprehensn oinhefl ispeecfth t(hte ang & a&k av

Sei tz, 2000, Sumby n&eBoigatkons99%4) AV integra
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number of di fferences, i Apedcegt ualducéedusiuc

Mc Gur k (Rf. f &dct St evenson, Si emann, Schnei der, e
Meng, He, )etanal .i mpAGnio®)s es goaenfph eXhe nesti oanl ., 201
al ., 2014; E. G. Smith & Bennettddi 2D06rAal IRy,

i ndi va pdpuead rshna veex ppraemear al bi BaumgMiwli neiow& (Wal | a
J. ‘Fesg et al ., 2010; Noel et al ., 2018; St ev
al . ,owd 8wWwi ndow of time within which multisen
singl e perdowechptcuhali se ndtiirteyct | ya ucdo rorvenlsaetgét .t wPotnh v

Stevenson, Si emann,anSc hinnecirdeears, € ded¢ $ Ghima g e &¢0r liaitl) y

Fel dman, Conrad, et al., 2022; R.. A. Stevenso
Whil e AV tempor al integration differences

| argely unknown is whether these differences

| i kuenldyer | i es a number of social communseahi on

asomprehendi ng Foxee echt iald .noi29€l 5¢ Smith & Bent
2017)orienting and resgdoidilrg ted @heds 2OV ; n&

Schwartz etamad . di 2&Qt0)ng gaze to socially rel

Bar-omhen, 2017; Hotier et al., 2017; Jones et
Trepagni er, edtcal).., 12t00i2s) al so wel | document ed
spati al integration in other domai ns, incl udi
(Cascio et al., 2012; Crespi ,& sbnandcal eo,erd Pple;
(PPS) bdNoekdr,i e€€saasci o, et al ., 2amd7;riNaodli,tyFai

regardl ess d¢fMNoedcied |l athounst,@XN¥1 ppati aleeidst ¢or dte

better chaaaciteritzedpotenti al relationship to
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2.1.2 The Present Study: Examining Audi ovi

I n healthy adult indivifdwuiad saslpagpadai gailyu ¢ mtc a
AVt ar,gewist h significantly
et al. , F2O©0ORBgr mor e, at small AV cue dispariti
target patibhemdoheidirecti(othaiafsttome ewai spuhaeln oaed ¢
knowrni asallsibnga@assuch aopghadtitomprwbe AV spati al

and -anuotni sti c chi

At present,

ability in auti

understanldeanagl ioZdati on precision and degree

free response |

i n auti sadutci aatnidc nomi | dr en. Buil gongl of htegrdeéer

hypothesized that we would find anal oigwailsl yc,h a

wea asriet g dem re é

sm,

|l dr en.

ocalization paradigm, al

Figure 2.1 Behavioral Hypot heses
Non-Autistic

’
/ small disparity: localize
toward visual cue

large disparity: localize
toward target

Figur.éllypol hesized

Autistic

4

/
expanded influence of
visual cue

di fheaet éMm,t)eBa npde t@veleihs tndoenv ( d u a |

indicate reporatued st ocatwiidd. iMan viduals experi.:
di spaA)i,t ibeust (not aB) .| aAruge sdiiscp arnidtiivesdu(al s wi | |
di spaQ)i thiuees b(i as wi I | persiB)t. over a | arger spa
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we expect-2dt it htaitc nomi | dren woul d display bias
di spaFi @iARkand t hbaitast hwosul d di mi ni &h gaBijL. | anger
contrast, we expectedttaeanuasted kiha dFdaaBedls mal le x
but that visual bias woul df pecsigéel pacretsbewid
spati al bi(Rdg ®Dp. wi ndow

Finaldoyyghwte t or elxgptlioores tihpp bet weeni eAidspat i

clinical features of auti sms Twel lcuag enar isd wg
sensory processing, soci al communi cation abi
performance. We hypothesized that atypical set
bias (i.e., weaker integrati odi)st iReqtaeldfiionfgs taecs

was itrhdaitvi dual esdneeh os eelxyhpireleyia t wiowit €port t arget I
mor e acculrheet esleycond was that t hyepea avehndowd rddor s
have poorer | ocalization ability. We also exp
to correspond with endor sement of more soOocCi a

abilities.

2. Met hods

2. PaXxticipants

Al | consent and study procedures were cond
by the Vanderbilt University Institutional Re:
written informed assent and eaorsedlata fespeabli:

recruited 17 aut-Lgtyeapsmaindrdmuntaigetaiges dp aretxi c i
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was al so matched when possible. One autistic

experi ment al tasks and was not matched -or inc
reported nor mal hear-iagr mat wiosimmantoP alcadd rreac t |
neur ol ogi cal (e.g., epilepsy) or genetic (e.g
were also required to have a formal autism di :

using the AuQb ssent VvDa taigonm sSci allLeo,r d2 red . EadNaount A2EDMISBC)
participants were screemedofradredadtiifsem i unei g rts
Communi cati on QUuReustttieorn neati reeal d(,Sv@Q0ed 3 equi red t o
threshold for anaauits$ssimcdpaghiosi sanN®nwere al

fi-degree relative with autism or i f they had

2. Zl2nical and Phenotypic Characterizati on
Participants were evaluat @db2ddgwha cfhuliln cld aitdt
tesnswnef bal | Q (Leiter TedEdof (N@Rovdrbal alnt el
|l anguage function (Clinical 'lEWal §-&)Bjedhrel ofetl an
20Q03)soci al communiRuatttieorn eatb Bablt.t,q |2(0B0E3QP P si ven
Ed. @2¥RSistantino ,& &Grdibeans@0yl2edxpetEencE@SP (S
2)Dunn, ;28&@As0ry ExperienGesBuasgtkd mnis@gbwg SEedBE
QuestionnaRorbeertG9Q) ;& Si mMrmenlsDe anQli3Ddas k et al
200A) computerizeddowas ponrsckudtienk tt@asknsure par
trials in the time allotvedbalDukeQtscoli eneas 0 m¢
Lei-3 ewas not avail aNadaeti=£30)¢ a3n dp-drhvea sOEpL,aFht svai |

2parti Niochear23c (
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Tab2le Assessments

Assessment Domai n Assessment
ADOZ* Autism char Clinical
Leiter Test of Nolmd.er bal I Nomer bal l QClinical
Clinical Ev al Faitnidmmetbftdall siLanguage fu Clinical
SCQ SCI Car egieypeaerr
Soci al Respon'sEidv.eness ScalSClI Car egieyperr
Sensory "Edofile, 2 Sensory Car egieyperr
Sensory Experiences QuestiSensory Car egieyperr
Gl asgow Sensory QuestionniSensory Set &portecd
Dealkiyewal d Task Mot or respo Comptbtasred
*Autism only

2. Apparatus & Behavioral Acquisition

Speaker semintdt lnghdi odes ( LsEeDwi)r avlee e( raa d iang:-

along a horizontal azimuth adjusted to partici
with a chin rest. Auditory and visual cues we
visual angl egt btiHateemtlédry @fmdt he azi muth. Aud
noi se bur StPLat vbFualB sti mul.i consisted of a

procedures occurr-addi-ht gotaakedelbosblind

For each trial, a red fixation LED was il |
gazed at the fixation |ight for 500ms, then t
l ocationsrewede mpyewgemer at ¢éeé foocmti beasfti Parpogs

asked t-oxiusepat &nti ometer to report the percei

1500ms to respond. Il n the AV bl ocks, the targ:t
with a smatuiealtl ¥ laesh, or with a spatially 1inc
to report the |l ocation of the sound even i f a

each consisting ofonl196 bt micklssl. awhhm ethh@akttiudwabl

compl eted, the visual stimulus was presented :
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120 trials. Breaks were permitted and encour
behavi or al data was not a voatihlea bfl ien aflor b ethwaov i aL

consists of 14auwtuitdgtsitd cp arntdi cli5p anrotns .

2. Btatistical Analyses
2. 2Adcaracy

Response angle was <calculated by identifyi
100 ms, indicating the participant had stoppec
medi an voltage reading in the pleadt eaanug|lpeer iTod a
for potentiometer drift, the baseline voltage

the response.dd@utilnieedr arse sNblo. n5s etsi dneesr & hree movt eed .q

D

Error was defined as the difference betwee

with a positive error indicating overshooting
error indicating under shooetri)ng Ttoh ea ctcaorugnett f(oir.
average Vvisual error at each | ocation was sub
humans are much more accurate and display | es

auditoryHeaitrigntudn , eweal nte2pPpb068)ed the visual r

individual | ocali zation ability. Response err
visual trials.

Al | statistical a n(aR yGoerse wleerakhs, clon@utb)e®gle i n
(Bates et wel .c,on2dOulcbt)ed a mi xed effects model t
tri al modality, and target | ocation on respon
t erEng20 .
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Qi1 i*¢" Qi € oa)¢€ J)d)édﬁé'@(bd'rmsibé ® QMo Eqg21
22 . &i 3ual Bi as

In Il iH&@i wstdon,etvviasual »0@a3 wasfqRkzal cul at ed
b 800 ‘Q‘l‘lé‘lz
WROLe0 @i Fdo 6 Eq22
A visual bias of 100% indicates complete capt

0% indicates the padrotciadii ppaardto trod ipdmdgetat Vi sa
calcul ated for incongrueertr AV, twe alsed Asheai $ ai
model structure and methods to evaluate the e
di sparity B®23Vvi sual bi as (

0 Qi GO £ d@E O OHWMRIEN O (30 @ O QQGO Eq23
To check for model appropriateness, we Visua
homoskedasticity. We also compared random subj
SigRadk test.
2. 2Rél1 83tionship to Clinical Characteristics

We conducted an exploratory anal yéias wered

related to | ocalization performance amdcevi Su:;
pack(avgaen Buur e nOud sGroooortrh,e n2sOsltlayjndar di zed all va
Because of the | arge dwlhmlzdhr cam dleiami ctaol |vaargi

performing a standard ordidwar xYohdact esilqgaarlesas
Shrinkage andorSe(lleASS @)n rOpeerreastsi on, whi ch pena
to high model prediction error. We included s
in our LASSO regression, excluding diagabetic
scores) fromabldlde. vdsghipp e le(dFgrei edman ,etwealf it 2
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1 ol dvadogsati on model with alpha (the multipl
| ambadahe( shrinkage parameter that constrains t
Usi ng tvhael icdraotsison we ot mmpgwmgiid et mmat esul ting

t he opandnalAw®s$Qhted coefficients. We conduct ec

bias and |l ocalization accuracy.

2 RBesul ts

2. Pemographics and Clinical Il nf ormati on

There was no significant difference betwee

|l anguage, or |1 Q. Al participant Taémag Raopgki cs
t hat o2, theghl®r scores indicate more fAtypical
Tab22e Participant Demographics & Clinical I nfo
Measur e Auti sm No#Auti sm X? p-val u
NmaFel 2 NmaFel 2
Sex Nt e nra 4e™ Nf e nim 13e 0 L
Nri gnk 5 Nri gnk 4 A
Handedness N &1 N 0.030. 8517
. . Nhispgadic Nhispadic 4
Et hnicity No omi s = 415 No omi & 5 41k 0.620. 437
Na s i=a@ Na s a3 3 0. 083
Race Nb|a_—cQ No1 =k 1 0. 317
Nwnhi=td 6 Nwhi=t 1L 4 0.130.71¢
Measur e _Auti§m —No%\ugism t -v al u
meanNSD (N meanNSD (N b
ADOSESS 8. 18NN=.123 |- - - - - -
Age 13.41N2.05{13.42N2.62-0.0]0.99
Receptive Languag105.19N29.|/117. 23N&NB|-1.3({0. 18
Expressive Langual104N28.22 |117. 62N&71.39-1.6{0. 1
Nonverbal 1Q 112.38N23.|124RN1R8=152)|-1.5]0. 13
SRS T®tcalr eT 69N13.61 46.87N7.815.5 |<0. 0¢(
SRS AwarScnod70. 06N13.6/50. 13N9.514.7 |<0.0¢(
SRS Cog+#icb|{65. 31N11.2/45. 93N7.335.63<0.0C¢C
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Table 2. 2, Cont .
SRS CommunScog67. 75N13.2[/45. 33N9.075.47<0.0(
SRS Mot i-Scat|65. 25N12. 1{50.27NR10.13.720.001
SRS RBBo0|/70.56N9.35/48.07N8.2¢7.08<0.0(
SCQ Total Raw 10.88N7.25/1.47N1.68|4.9 |<0.0C¢C
SCQ Communi (3.63N2.55 |1.27N1.28(3.220.00371
SCQ RRB|4.19N1. 8 0.4KN0. 83 7.45<0.00C
SCQ Recipr/f4.06N4.19 |[0.33N0.72[3.4|0.007
SP Sensory Seekin63.38N12.7/70.93N9.53-1.8{0.08
SP Sensory Reacti|51.44N12.5/58.86N15.¢§-1.4{0.16¥5
SP Sensory Inatte23N3.25 26.57N4.01-2.6(0. 0114
SP Sensory Sensit{18.06N2.38/19.14N1.23-1.5{0. 13§
SP Auditory Proce/27.94N3.79/33.14N5.43-3.0{0.00§
SP ViPswalessing Rg32.88N5.3 [38.86N4.09-3.4{0. 004
SP Vestibular Pro/46.13N6.61(51.71N3.71-2.8|0.00¢
SP Tactile Proces|{67.44N9.01(83.14N5.65-5.6{<0.0¢(
SP Body Position [42.63N7.57/46.46N3.8|-1.6(0. 10§
SEQot al Raw 73N17.71 47.43N8.4|4.93<0.0¢(
SEQ Sensory |[28.06N11.0[{18. 71N4.922.920. 007
SEQ HRe@omponsi|12.94N4.2 |9.64N2.02|2.670.017
SEQ HRepsponsi|31.81N8.01[{19.07N3.655.47<0.0(
GSG®lypersensitivit31l. 92RNN=4.3){18. 43N818¥3.040. 004
GSQ Hyposensitivi|30. 85NNN1.33/20. 64N8149Y2.610. 015
GSQ Visual Proces|/7.46NN.18B) |5. 5N8=.13)( |[1.190. 244
GSQ Auditory Proc/13.31N38132|/8. 29RNN=.1240) [2.560. 017
GSQ Tactile Proce/10. 7 7N¢3.39 [4. 93NN=.142 |4. 31<0. 0¢(
GSQ Vestibular Pr{8.23N%.18B7 |[4. 93 NN=.143 |2 0.057
GSQ ProprioceptiVv7.54N8.1849 |3.86RN=.18489 |[2. 830. 00 ¢
Si mple Response T408.9N328.(312.86RNR41./1.090. 287
Choice Response T551.8N318.|544.86N1080.080. 94
*1 autistic participantt agsenderdadamahe at birth id
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2.3o0zalization Accuracy
Localization accuracy was <calculated for

Coll apsed across al | targeer dge at ooabi zaantdi om
2.57AN17. 48A. Contrary to our expectations, t
|l ocali zat Howevespowsedi d observe aheisgnr espant
( Kr uW&klaX# 520. 39 ,Fipge0. ORhlpospairwi se comparison
adjustments reviead ®Idi ztah a o mevaarsacudr 7a4cAN16 . 97 A)
signi foiedtameirdbonot h  c on gr ueernetd rAB/A N Ime.ash5 A ; p<0.001)
onlnyea(norér 6 1LAN17. 84 Ajladpcza0l.i0zaitnigaMy e a taw @&lt S0

signi fhiectaetrbyudittaor¢eckd. TBAL¥, s and heal thy adul

l ocalization is significamtdi giulafeont mat itdmansiagn
facilitates auditory localization ability.
Figure 2.2 Mean Localization Accuracy
. ‘.Mean Response Error: Modality = Auditory-Only Mean Response Error: Modality = Congruent AV Mean Response Error: Modality = Visual-Only

A N B c

Response Erfor {°)

Target Location (*) Target Location (*) Target Location (°)

Figureol2abkization error was indryi f(iAg a mtnldy cloaargg a
rel atiwiesairll yt hceondi ti on (C). Congruent error wa
no significant main effect of diagnostic group

2.33i sual Bi as

On incongrusotal tbiabs,did not significant!|
| ocations on the Icoefltl apsdeti dlocasi dodaes H§ &b s
center (0A, N10A, N2f0OAr . alAlv erAd&gei nciowmaa lu e rbti

23. 94%N130. 19 %. Our modedpareveapantawvwaestnmeat
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bet wearmt i ci pant var i anoccealoifz alt2i6o.d3d % rs @sstnisa sghr o
significantly affect visual bias. A reduced
statistically comparable to the full model ,
henceforth. We obsefvddbth sigmpiaridygntamned it mz fgte

resp ¢Fn spgd)s.

Figure 2.3 Mean Visual Bi as
Mean Percent Bias in Autism Mean Percent Bias in Control
75- ¥ target_loc
A B )

- 10

20

Percent Bias
/ 4‘
/
/
—
} ? }
]
.’.
jl
/
{ {
} ¢ 1

o §—
1’0 20 30 40 0 Zb 30 0
Cue Disparity (°) Cue Disparity (°)
Figur®Mean3vi sual bias i—au(A}st'aut'pqtt'ccapdn(B) |
at the smallest cue disparity (10A) than at any
tarpeésented at OA (red) compared to those pres
no significant main effect of group or any inte
In |ine with exWelcltiast i toest c osmplkhr KisdbidrswiXs e

p<0.001) reveat lead <rmaltl elsita sdnieasatmar3i3t. \8) a0 A2 . 8
significantly | ar gAr( metahna=nl 4 .b5i 7a%N 1 1alt. 4 A24Q p <
(mean=16.57%N83. OA6 meap=0.60%WNG610B844%0 p=0.007)
at A2830anmdi d0not significantly differ from eas
di fference in visual bi aWalbk&t3wBe edrd,t pr<ge t0 0l19c a |
at a targeM meaocaBilof¥%)eofNMaBs6 .s9ilgni fi cantly | ar g:¢
target | AEmebhonrldf62®WN108. 82%, p<0.001)A vVvisu

(mean=26.5%N140.17%) was al sM&( ps<iOg n0iOfli)c.a nvtilsyu all

45



not significantly dahtA¢gpbe.tIweta)re twerrgetnso asti
interaction effects, and random efnf.)esc.tist ds ldo ul
be noted that although our model did yield si
model apprfoipgl),alfeinteswsas O0o006)adpudt édctors ot

parameters may be better predictors of visual

2. Expl oratory Anal yseSBehReliatriad n sPleird oB antameceen a
Characteristics
2.3Ldcalization Error

Il n exploring which varimpddfecr mdste@pxpil malnel
model=0( @P@2pnl i zed the following variables to
response ti me, GSQ ProprioceptSewmesoalyd | Viemd ttien
Sensory Reactivity subscambdest amathEd@bf&R& | cewnk
are shlawn2é&i SThe fi nal model ¢=i0el34e3d) .a f air fit

Three separate clusters of clinical featu
per f or(Ariagn)cde Frnatstcapt ur ed obay soounra thoyspeontshoersye/ smot ¢
features was most strongly associated2fwsth pert
1.276;:0b=GSNHDRRB, (BRSL. 1ab)d, si mple motb# .r3épons
had S 0ome of t fees t il rbavgaeldut e s mo deed g gaessstoicnigat i on l
somatosensory and seasorosmpabmblprprescsss nigng.
with our hypotheses, we found that e npdooorrseerme n
| ocal ipzeatfioofma@@Q e Communi cabiEOnNn 4HSRB;b sCeoarineu,ni cat i

subs®da&loe 2T96i)s. findi ng highlightaudihesipmatadanit i
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integration and compl ex shoacsi ale ecno opmuenvi icead si lioym

tempor al domai n. Fi naen hyrpywees pdrsxeirfvietdy & ifhéaE Q ,b o

sendhgrpyesponsi it P WEGEQst rongly and opposingly

although the relationships were opposite

what

hypreeeactfieai tuy e sp oeoxphe rbfi arendavine ¢ e t hos e ewictth vino ry

featur esbhedpkeirbot mdnce

FigurleASOer ifbvCeode f f i ci ents Predicting Response L
Beta Coefficients of Variables - Localization Error Prediction
05-

%*
M__I_ I I-II II I.I I_ b I

§ i
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©
> I
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g 05"
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Q
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(&)
-1.0-
. o ¢ r ¢ r ¢ *r ¥ ¥ r ¥ *r o *r r r ¥ ¥ r_¥ror ¥ r o or ¥ or o r_ o r_ 1o
X2E QD0 PEEZMEN 5922 E22TL2 08000 ung>00000
£ 6 oc c = c = m 2 s §E S E S 0 £ v oo 3 = = = 4. e
PER<SS 226822 BcgxRE2S28R8LFL8828888E2
68 ay <00, Tox ol 2aS>>FF0L3g5823E>28m0
= 3 9 x U)me:CDO-OOCDmEQJ(Q&Q_OCO%%g}O{Oc —
o W DC!IQ:(D%QOUEccw&wmmmgI:IIwgmw%mm
x n "0 ®» D PDHD GO Do D LI T e = g ao 03
mggm mmyﬁmgw ]
5 & greee
w
Variables
FigurkeA3sd®r ibecedfficients for clinical and stim
|l ocalization error. The motor/ somatosensdrvwnl aks
(blue) included the SRS RRB score, the SP and (C
social communi catuidoend cSIRuSs taenrd (SrCeld )Soicnical Commun
cluster (yellow) -andl fRggppotnlsé VIEQ Kymeres. I Q al
with *) afcsooe fhfaidc iheinggh val ues but are not part o

| t should al so be noted that whil e we

| angua gdes peebciilfiitcyal | y, oweciepsti e2d | ahgernged

strongly associpéeefdo xhrmalh.c&305chad 9 zatty winc a l
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(SPHh=0. Mhd)l.e these relationships should be e
bet ween atypical awdi ¢wprauipslocaeswiitnyg, ameli t her

into a distinct feature cluster.

2. 3Vdsaal Bias

Qur opti mal LASSO made@el O/30d) dwids lufad wehaila s an
demogrvaaprhiiacbl es predictive of visual bias. The
age; sex; expressive |@neuagei dbltivabsoal eSS Cd
and RRB subsZzabBessonyeSe&deki ng, Sens\Wwirsyu all natat
Vestibul ar subscal es; S-RO@s semsioviyt ySSeeklh :1ga laens
Tactile, Vestibular, and Prbpeioespbnsgse- sulmsc:
esti bhabpedficient $ame2e& STthewnmoidre | estimation o
clinical characteristic&Oowatd2mudhamorteh er anoudtl
paramete>9. abdne (r

As with |l ocalization error, we observed th
soci al communication features mieg)eb5 rDibebsit dyga
coefficient values were see2n Saemosnogr ys eResaocrtyi vri et
b=0.GBQ, HR@oponsi vibtxy. Z@ub)slcawed by the seoemat o0se
2 Tactile Pr ®&cle.s23Fh,gBRaipisciadd BubW&ladleso saw t
the SRS Social WM&t ildshgr gedsabsanal emportant pr e
in conjunction wibhbg pesulgtgestadchamoddlede t hre
mot or/ somatosensory, sensor ¥ arsetarcoansgsl oyomi g the dd

audi ospauaal i ntegration. Future work should
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the relationship between clini

sti mul i (e.g., faces and voices

FigurleASO®er ibvCeode f f i ci enVesBhabdgi cting
Beta Coefficients of Variables - Visual Bias Prediction

c al

)

features

a

n
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©
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5 II i ] oo i
o
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*
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O P e P EY TP EEF Py
s E © = T © 2> 9 73 0B Z 0 0 228 ® Q =
TET37 z8s283ed3isess iR g8t ss
S = E o =
5 38 222E2998%228.06588urr235339kk
o [ P DG T D D D-wOO OOUJLDO@
h DD @ quwJ,_ugm 1)
% & o g® 0o
w
Variables
FigurkeA3sdeer ibeedfficients for clinical and stim
The motor/ somatosensory cluster obv dlewmdar(etsl, uavr
Tactile Processing and Body Position Processing
predictor. The responsivity cluster (yellow) in
Il @nd cue disparity (dbecmetfdd cwiethit *v)al aillesso bluad ah|
| mportantly, unli ke our acdccuwrea cdyid shpoad erlte, ¥ ao0inne
significdédmnaeasdbdbi0 . (1hZEh)i.s finding highlights th;
presentation, our participants were | ess I|ike
observed i n he@Haihrystadn.l élt adnapsl eBSIODB )a signi fi
again was not meaningfully 1|ink

modéEO( b&it) |t
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2 .Ddi scussion

2.4ntact Auditory Localization and Vi sual Bi a

We were surprised to find no gr auwmp oalfrf & catr gc
|l ocali zati oMMsparadirgmed above, It i's well e
di fferences bet wawetni satutci siarudii vaindeusaghasinail n i nt e g |
abilities. Additionally, in other sg&taisal oi et
al ., aa@ac)pul peromer esbnallNosepdaceFa(iRR ), et al .,
2021)autistic i ndi vi duahse-aupteirsftditcesr efi oif & alwlel
hypot hesi zg@&nar adlo méii hnf erence in AV integrati
findings o ft eantp w mia deaglr aAV o n , we antofci padietdorty
|l ocalwaat dobe aoweakrroweid a Iliawr gdre sapudatiisali ce xgtre

This is not what we observed. Rat her, t he
di agnostic groups,omwathersttimahudi e @ammeit @ugho
mor e | ndpeotretrammitn ant sa codf u alacddya luiaz a tbii ars . Speci fic
perforomaihnygye significantly di ffered b e-d nwley n t
perforwasncei gnbieftitchaannt | gairdlit ooy comgmr fuemma nAVe .
Addi t ivonsaulallyflmiuansds wma$s ber asplhai geescudhdis i s i
has previously been obgddavedtiom, ashaqdglesh @B
and -anuotni st i wi tchiih doeinntagger ataengei mpl e AV spati:

heal t hy adults.
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2. &L12ni caFedAuuresm Are Related to Spatial Acui
2. 4Mat &ar/ Somat osensory

The percepecosivhteosgate yt telmoey and the s
From our exploratory analyses, we observed t h:
not stimulus characteristics, nor even auditol
of feaherésacitnlé and motor domains (lsacande ¢
mot or response ti me). We suspect a common th
bet weerni per s @ Baln ds pame o(r y Jptrhoec eascstiinogn.a bARS s pac
bodys formed not only through the integratior
through the motor actvieonpsr oocfepsésteese. fptolichgea radhfd @ o
peophespace further acts to mold PPS to the
Noel et .almpo20anhjl vy, objects wft tihrotsheaPtS aarree
out sider e xtalmpd holsdibvi $ hal de ticeosntceuarinaasottiemtud ¢ t i
when presébtednodBPHEDbBODLEIaalroneosn egtamad. i n@otird
di splaryeesrponse times to tactil & Catnizrownleir iwleean ad
Mat suda edr aV(i.Naell0 2 1Ber t ccruie,s atr ealp.r,esz2ha®)d i n:
to those presented outside PPS.
2.4S8ckal Communication

Il n Iline with our hypotheses, our explorato
l' inked with both | ocalization accuracy and v
increased | ocalization error agdoglteicc egsedp.vi
compl ementary to the findings in the tempor al

(i .e.., poor er iMAV ctoernrpeolraatl e da cwiiitt(hfF ei Indcrmaena seetd &aSIC. 1
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Fel dman, Conrad, et al., 2022; R.. AFuBStbheemen
these findings highHiegtletlt tANe i nmpgraanoaea abil i
compl ex soci al functions. Di fferences i n MSI
with increasing(lRR. cAoa mpdteexv esntsiomul iSi emann, Sch
Stevenson, Seqgeansd feutt varle. AV2GP&)X i al i ntegrat.
sti mul i (biol ogical motion, speech, etc.) may
bet ween task performance and SCI measur es.

2. 4Hg p-&ammd HRepsoponsi vity

Regarding accuracy, we hypothesized- that
responsivity would report target | ocatioon mor ¢
responsivity would have poorer |l ocali zati on

research examini nrge atchtieinvrisipyat ioafl saecnusiotryy, we al
awareness of stimuli would result in more ver
ver sa. However, we oObsehweedpdrmsi vopipjoswd e Ppad

increasedacy amhbhi si tendengameydosmggasdohlhpppe

responsi vity, as measured by standard questio
stimuli, and may instead applFort oi nnsotraen csea |l iietr
shown that autistic individuals devote compar .

sti mMKKekehn etasalwe/l 1201s6)i mpairEeRBarddsesng a&ktCaml e

Pool e etamd .di 200 B9 B enbistto et al . , 206 puZhan
paradi gm, i ndi vi duarlesa cwmiatyhi thynvcer ebaeseerdr esggaantsioiry
to the fixatiostilmwglhus ogenostahteironmson(e. g. , c hi

hei ghsemeadry reactivity may act to enhance p
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enhance percepti amraofetdisstirnmeud ti @h Bnl e rhwea ceanrve raow
little research directly exampomnsigvithe amdape.
psychophysical or MSI teskensiwei sysmaytadthato

of distractor stiitmulgi ,moieeeiddyipdy mby eexXibhiypi cal o

sensory menayonbsei vidggs influenced by distract.
increasing theairt agmettisal acuity f
Future research examiningaAd spaeiedl imtaamn

populdsthioun d take care to examine tawredr r-eymodi o
responsivity and splat insalhs e cuusietfyu la ntdo idnitreegertaltyi
specific sensitivities wusing simple psychoph

conjunction with spati al paradi gms.

2.4.i3nmitations and Future Directions
Our par adirgers pwoanss ef ,r eaes ki ng participants to

(or visualjtutaegéebabutemanturef me mpypiadalbliy du tnic

a-a2lternative forced choice (2AFC) response, W
are synchronous. Autistic individuals tend t
bet ween stimuli (i.e., waduenm Mielnipeorr a& Wail nl dicreg
al . ,f 2r01r8evi ews) . 1t is possible that a differ

i f participants were asked to.jluddeespatweahr e
|l i mited but consistent evidence that response
i nstance, i n emotion recognitwioowlkeemsks-j ngqutr

response compared to myBeitpgl etchadi ce 20d9d9poCas
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S P

S P

Co

orgopoul os et al ., axh(d2ddtmr uscetnlin end et ntaér vi @9 |
swer binary (i.e., fAYes/ Noé)ndeuwe gfust s 206misO ¥
rther research shotwulrebl md | oorschu gd hdak tdvee- esarx df rofirn
sponse spatial bi ndi ng wi ndobast wiene na utteinspno,r a:
ati al binding windows.

We are aware ofNoael ottuady. the2s@l 262t e mpt ed t o
ati al binding window in autistic adults usi

mpl ementary to our findings, the authors ob

i scrimigawhen abebiwere presented congruent |

t hors found that at | arger spatial disparit]
ward the visual cue. I n contetwéenwgr obpgedv
i as. Rat her , we found t hat i n both groups,

creased. This discrepancy in findings may r e

ove. Specificategponse whaghawegrer obtr dat a
sponse paradigm may have washed out group di
i ng acmuail de pfl@er mat .

Finaud ysampl e was | arsgueplpyeretbanpa u tsiedt iod il rodwi
y not exhibit the same degree of MSI altera

suggest t hat future r essagprpolr t s moeweldds aaiun i

di vidual s, wh oi frfag/r ennott poantl tye rsnhso wo fd AV spati
onounced relationships to clinical present e
tistics would require simplification and al
agkif or active responses, or pupillometry fo
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high degree of heterogeneity observed in our

in this domain focus on individual rat her tha
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CHAPTER 3

Neurophysiological <correlates of audiovi s

3. /Introducti on

3. Nelir al Correlates of Spati al Il ntegration
Mul ti ple decades of research have shown t h;

are often appreciably enhanced or suppr-essed

and-asdudbi t i ve responses, respectaimvaeli n)g. nBamal of

of mul tisensordyusiinnge goaditaivoendehMsSvin) t hat mul t i s e

—

he superior codddictuil we feixrhiimg tr stugperin respo

(Meredith & S$Hltoewiewerl19883pm this early work, it
are only observed when s tMemuwldii tehr & tSHlmipgnr,adl|ons
one another. These findings have given rise t
in MSI: for stdmondii hdebd, i hbebgeapedceidved as
they must occur, wiatthitrh ea staariee rta bmee atnhdr @ snh a lhde

Spatially congruent stimuli have been showr
the uni modal or summed uni modal responses. F
sti mul i (e.g., flashes, nNoi sd ilwemstog)y, cruese il

additive parietalTe@®4Igej, 2 rPvlii9 OeNd@iadl ,eNN2 9DQOBd 201
frontocentHRlad mi(neg get, aN1.,,; 2P0R2000;. tL i)a leety ead&tle6d?2 O

potentials (ERPs) across a vaddietiyvofERRSkaT e
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even when stimuld. are not meaningfully relate
tadk, et xal.)Jn206d6trast, spati al i ntegration
associ at edddwittilves sbh g nkad ksi. n oFuosr eetx@mariptl ,es2 @b v f i c

ampl istupgpe o ivipaccee pairs relative to voices on

guality (i.e., visual i nformation quality) in
These common signatures of spati al i-nt egr a
ef foavihter ei n t he perceived | ocation of an audi't

mi saligned vVvisual cue After eé¢padtacddhaBR dweemt a
shown to modeVaked awdaitmrgacti vity. For i nst a
i ncongruent audiovisual cues, audi tory N1 is
hemi sphere of the toacwmes pissaht edei Bretiimg i ives
et al).., A20kXtent f MRI study has al-sfof stitowacrvs

variety of auditory and multisensory structu

i ntriaptaal sul cus, inferior Ahleetatobhbbhereaddyv

Neural responses to multisensory stimuli me
t o dbhser vWhren sti mul i are present edoPaPtS,t htehebo
actionabl e spadgegl oabraolu nfdi etlhde pboowdeyr ( GFP) i s en

mul ti sensonfWoebndiSttirom®o ,Fuet halt metrra 0all &FvPa rii mtnec

significantly reduced for stimuld. presented a
( ~346MO0 ni\so, e | et .alThi s20fli8ndi ng -bsruagigne sda st itvhiatty
synchronized for stimuld. perceived as actional

| eads to decr ea@G@Wdurscihginaanld veatr i @aAnPcSe mdODWel,at 2 ®

mul tisensory ERPs al so extend t o ot-thaeat idoemb
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chang

ndi v

& Di n

Casci

( Noel

Wh

nt eg

i ments, tactile stimulation in the ipsil
d potentials compa(rKeedn nteot tc oentS raahl. b &t e2r0g0] 1 )s
uenactviilsemosti mul ation elicit pdameoné& of
er,cend09@ihngbB2@®,, gla.r,i da2dail@oP 300 ,aolr. ,s uPpPplre s
, ceminmgal eN)2®BRP, andplil2zit udes rel ative to

[ are el sewhere within PPS or outside P

Near al Correlates of Multisensory I ntegrat.i

descrCihiagpd earnd, Wi sm i s a neurodevel opmel
cterized by soci al communication i mpairm
i g AMBRBcan Psychiatrwict Assensatyopro2ed
a ubiqgquitous ass.ocnidaitveidd ufagd st ufrree qufent hg
ng behaviors, sensory hyposensitivity, s
ese features, and endorsement of SsGlnsory
nek et-Felg, e20aB; , Faada, KiBnyed eett aal..,, 2200
g et al ., 2012; .Secthiudm i&s Sdley@naoaoci2@®tle
es to MSI. I n the spatial domai n, atypic
i dual s exhibit rruebdouecre dh asnids ciciplduisbitolnakt y, t »
sdal e, 2019; ,Nosragl IFar |Ipar i pdr sad(nNd edNRaDQ «
o, et al ., 201 7anNoeli gi Batlyl an €PSaki ze2!
et. al ., 2021)

ile there are no extant studies examinin

rati on idrmandhiisndepegpul atnilyn one study to
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di ffefdoelesetdtahler,e 20s229dvi dence from other mu
provide gui danchber aisn trdelstpioenwseptsp.¢ htee EE&a s vi denc
the case for muathherfe aaurte san freeve eqaercenr al tr end:
mul ti sensory tasks. Firtsitmeitmaskmplwhialue i @wt is4d
show deDwyerd etanad .agt t(2@m@RaAdeved i n eatr | 1 .f,r 0@ DI
peaks (appr-@®0ma)d)pdtyeintGGolc cippirt &t oi nt eracti on
compar abdwet it ot(ilBa mpnedewesi n. eAnyalgr,o R 1d3i)f f er enc e s
in adylTolwonad an .et al ., 2024)

The second observation is that wi th more

pronounced group differences:-GoFdrasikn swti & rhc e,0 nig

conflicting auditory and visual IcuNls,, faruantsace
P2, and tempor al P3 -aunpil dttiu@de@lsmireell ealt § kvie etto an
Similarly, while autiearishyinmdisvitdualugdi ohlvaw uand

t he poacrciiepiot al AR &ms galustn @A 1l 30 c omd tr ol usp Eriheosws i moi nc
in the frontoce#t00ans ) el act rmedds a(s~2a4n0 N400 t o
notably absent (Rusasoie.t iAltiisd2ioci 2QWall 8 cent s

alt hough Staiuldli orntsauradedpeaks i n respb8mnmeeanoupa

al .,. 20@mbhi ned, these findings may indicate t1l
compl exi ty, audi ovi sual i ntegration may be mc
stages at the neur al l evel. This iwheirei hi ge c

di fferences are compounded( Ras Ast iStuelvuesn scoonmp | Se

2018)
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3. Th® Present Study

The present st udCh aipst. edi@ws2cirn d ealn faiddiyovins ual
participants pointed to a target i n space wh
preliminary evidence concerning neur al respon
concerning paudiadyviismutadgu gitd toinc iinndnon dual s, [
mul ti sensory studi es i n autism acrodsi voenrher
hypot heses. Specifically, in line with prior
Ssupaedrdi ti ve ear |l dmi.mgg ,etN1lal .Pla,Rdsp@tdelhit i eatl ¢ le
P3, Ldeeet adi.gna2016i)n multisensory conditions
However, we expected that t hi(sBrefnfdeveti nwoeul dall

Chmiel ewski. et al ., 2016)

3.t hods

3. Paxticipants

Al consent and study procedures were cond
by the Vanderbilt UniveAtltpalrhsti pahtenahdRe:
written informed assent and consent, rWepecti:
recruited 17 autils?h iye gp@ag gmatdcphiendt;sc saagkerdwlas a l
mat ched wh®nepassti §ltec participant was wunabl e
t asalkhwlas not mat cartds K& dr eppaorrétgecdv @ror ma l hearin
corr-eotoe danal vision. Participants had no histo

(e. g., Fragile X Syndr ome) di sorders. Auti sti
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autism diagnosis by a I|licensed clinician wit
Observation(30O&lgel o r2dn de tE dddhount, i 00I0B )parti ci pant
for autism wusirrpoitithed ichar egieveri on of t he SO
Questionn@Rutt dISC®Qt)antl. wel®0Bgquired to score
auti sm di aaguntoissitsi.c Noar t i ci pants were-dalgs@eeexc

relative with autism or if they had a history

3. Apparatus & Behavioral Acquisition

Ful I details concerning the QGhxappetrerBezre &l y [
speakers and LEDs wecrier cdrer aanlgoendg ian haors emint al
participant eye | ewelwe rAeu dlidcoatyeidd reedt e vliadAl ad ra n2

center ofAuddied taizgpatugihst ed of a wisiPLe woissal bst

consisted of a white flash of | ight. -BErgder i me
| i @bt enuvuat edomoeadd tfriixalt,i oam | i ght appeared i
Participants gazed at the fixation |ight for
fixation Il i ght lr mnatoimd rys gweeree apsduda om t he
Par tnitcsi pracported the perceived |l ocation of the

to relspotnide AV ebltoacrkgse,t was ,t hpe eswdittear ye i & thiemu
spatially congruent flash] not hwintttys ebdseatsisaulall

flash was presented al one
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3. EEX) Acqu&i Glieta ninn g

For al | behavior al bl ocks;chgkEaGelwaEEG es 9t
(e&gny | ab, ANT Neuro, The Netherlands), sampl e
was conduct e(dDeilno rEteGLEABMa EEIGg wa 2n@hdd5 00 Hz anc
decomposed by independent component-2@hmd ytso s
600ms and removed epoch baseline. Datadwere t|

manually identified by fltadwere higmdwedddilisyae

removed using iome pEREGRl2AB(IDeeddor me et aanld , 1 CAD
components identified as eye movements, muscl
inspection for bad epochs were removed,- and b

referenced to the mast oi déc alWeulcarteecadt eads ftohuer

across all participants and trials in a given
AVgf or each group. Due to technical erroers, th
autistic individual s.

3. EE4S Analysi s

Al | statistical anal yses wempéCGoampil et edetus
2013)We first sought to identify pelak0 nasmp,| iN1u c
(~17DMB8 ms) , and P3 (~300ms). Note that becau:
del ayed r el(aBriavned wea na deul tasl . |, 2011, Ladi sh &
Tom® et ,alwe, eXQ@¥m)ded our search window for ea
to evaluate whether neural signatures of i nt ec¢

the summed uni sensory signals to AVheicgommgr wmeIr!

6 2



all electrodes; we also compared congruent an
conduct epcleramult (a0 on spatiotemporal cluster tes

in which the signals wereheri.gnClfuctaemrtd-gofdi $if @

Supaedrdi ti ve signals in the AV conditions were
sensory signals. We used the same spatiotempo
the awdiltorcyomdithenAVW conditions. The same a

bet wepremup anal yses.

3. RBesults

3. Wil KGirmup Compari sons: ERPs

Il n thaveraged akitg.sm3 gbd upbgerved P3 compo

o

ongr  ereta k ameV,i t updeak . 91 at enciymr8®@Mgusyentand( |
amplituede=pe®dVO | aA€ncypnrdbB8mehs, but not the A
observe other clear components at other ti merg
significantl yFidg . f)f2rw8& rdoimd Acrb/s gr ve signi fican
and i nconkRirguebg. B@eci fically, we observed sig

enhancement at -18P ms o xainnda taed ayi n8 Of r-500nD mesp p rlomx i Mk

midline, this embanmnuemendt i was hmonte!| p5Z (equi v
ri ght frontocentr al channel s. Given sbhpeéer MSI
additive signal s, this result does seem to Dbe
incongruent AV condition, which is in |Iine w

Chap2Emamplitudes of the incongruent AV and co
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significantly differ from one another at any
P3 ptetarkough amplituadée wihtamgae WwWasermcyY3o0f 36 ms;
conditi on, ampl i g8Vudwe t dh aan glea tweansc § § .03f 4 biOarest, e wh
attentional aklmadkc antgi osnt roart edgeiceiss iwvant h congruent

I n the control group, the gFiggngl|3 . vidadsveovempr
the incongruent AV condition only, we did obs
an N170 (pedak&gmpliakudat ency=tl@danks )ampltiht ade r
of &. &8 d a | atency ofn3RAscoWwpoalnod -4¢ PEak v a dnr
peak | atency=2T78psg k wammpl iat u dkcw ugthdngel af ebfcy 3
However, we observedbeatowee g nti HFdi gcaon3g n2uBd nmte o(e g c ©

(Fig.) 3A2Cconditions and the A+V condition, no
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3. Wi2 KGrmup Compari sons: Power Spectrum

We next compared the powel yspaeadt AVmcbetdiwe e
group. I n the autism growm, ywe dinabi.n dpatrghbga v evthti |
rel ateicvae aaisdoewquency power over the course of
peaks in pofweeguendhebamndd, t hFel gc.o n3g j3u & hnti wdédd e
an ncriemsfkoequency power, parti caudCmd.y The mf oarg
finding seems to suggesana@e redrmane otei vdinttyy eiars e
cond,j thwin an increase in connectivitynakumigng

in the AV conditions.

Figure 3. 3. Power Spectrum in Autism

Power Spectrum: Auditory Only (Autism) Power Spectrum: Congruent AV (Autism) Power Spectrum: Incongruent AV (Autism)

15 / 4 J

02 -01 0.0 01 0.2 03 0.4 0.5 02 =01 0.0 01 0.2 03 0.4 0.5 02 -0.1 0.0 01 0.2 0.3 0.4 0.5
Time (s) Time (s) Time (s)

FigurePoweld3. #06lm 1n the autisomlgrdqdpeftdr aodp
incongruent AV (right) conditions.

Il n examining frequency o ltyh ec oenodgi ttriddnd &y olu.
showedf rheiggubency i ncreases dlni kpeowerr eifnl etcht@ nfgi rr
neuron popul ations i noftdlel opweidmalryy & emesak yi ot
bands from ap-f00msmatwehliych1lOnwle I Rt eirnpr 2o en s é
connectivity betweerdeseaseay. ahdddedghet-he top
only power shows a shiftrfodem t emgFdmalf i3a sidB, 1 d ¢

toward frontal el et goda8&s)dBn nt hcgohntterxats t1, 0 Otnhse (f
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power in theFiAV. c3.nAl, Yoncochubl é/pmpir @kt ma-s €i ;mul 09 ms
onset, and are apparent across the examined f
conditions, control parti ci parnamng e roeo rerxend thii vtiit

periods ofretdmstusmifeatuon.

Figure 3. 4. Power Spectrum in Control
A Power Spectrum: Auditory Only (Control) Power Spectrum: Congruent AV (Control) Power Spectrum: Incongruent AV (Control)
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Figure Phwhkr MAMbobm Ln the contowl ygnioept)or cand
incongruent AV B(Troipgphgtr)a pda rcd iotaipoyromp.oavedi fooym t he-
200ms (right).

3. Bel3 weeaup Compari sons: ERPs

We observed no differences between groups i
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3. Be4 weaup Compari sons: Power
For al | conditions, we observed i ncreased

bands afFieg. )5®0Baonh topodgi apiDBc s5Bhabpgppear § t ha

600ms-spomtl us onset, autistic individuals exh
centr al regions, which may be indicamotver of
responses. I nterestingly, we al so observed si

audi-dmolry coFidgi.t i nS5&uritmgp the same time range,
shifts from the fixation point to the target.
so further investigation into gaze behavior d

We al so observed a-ftrregruseinernyt pionwerre asdee | it lé
autism i-300tnse t2i0Me range in thEBig.ncd8nfAuermt
Topographic power in this ti mel ewienld opwa titlelrunsst ro
(Fig.) 3.WwWlDer ei nauwtnilsyt itchec onmotnr ol s appear to show
seems to sug@edst sthat codbubobnoptrthei plaatriest i c

recruiting fronltyalasr eaginoencsh a npirsens ufmoarb pr ovi di ng

the incongruent stimuli. Howeivec rieng &l @oeswy utematy t
power during this ti me, it possible that t he
posterior sensory areas in this gomoder c¢cagrmietr

regi ons.
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Figure 3SpectProwmrCompari sons Between Autism and

A

Power Spectrum: Auditory-Only (Autism - Control) Power Spectrum: Congruent AV (Autism - Control) Power Spectrum: Incongruent AV (Autism - Control)
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Figure Pdwer Apectrum compari sonsa dietbawvieyey n( 8ap) s
(middle), and incongruenti MAdgesoshom) t opo@&i0®imsn
stimul us o nsoentlByf,arc oanugdGuteonrayn AV i (i c@ n gcrounednitt i Aovn €D.,
topography for autistic groupausi sthioaowvncomt t @lp ¢
row.
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3.4 scussion

We hypothesized thaaddet woal gaodleynd s md sU e
mul ti sensory conditions relative to uni modal
in autism. Our results weredhowei mbsemeedvit Ihat
no significant differences between the congru
group; i n the incongruent AV conditi on, onl vy

significantly aditfifadr. fArl anh otulybha AVaepwet2edicd | h@td o

significant group differences in visual bi as,
that autistic individuals may exhi fiNbeineteas
2022)

Additionall vy, we-l evehddt wbi ketyi gmo ufpr om ou

even in the presence of comparabl e behavioral

=}

oticeabl si@alibéeicanhdPni ncr easnecyi nbamawee ro fa cirnot
approxi mately sdtairmulngs 5®@Msnest ,powhi ch we bel.]
popul ation activity during motor responses. I
autistic control i n dsi svid pdauratl isc uel xahri | byi ta cproowsesr dseul
and in centralddamnrd nfgr omottaolr raecgiion st vy, auti sti
same degree ofBos wedgp rddosrs i a2nr Hasieeew) . Thus, we p
power in the au60dmsgtomp rangbkel b@@1ly reflec

Second, i n the incongruent AV co-adttsbnc a
controls showed a clear antef300Omssphpotil us aaos
which we interpret asr daer eng@uietmiewd ndé g ideendsh &

information to upstream sensory regions; the &
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the autistic individual sfdeduerbybbandsaeacreatgséd
Thus, as discussed above, we propose that t
condition reflect the typical nfoamaudh assak cmewomma
conjunction wieéeéwhel ncormasetdi Viowy bet ween pri mat
group.

We were surprised to find no evidence of d
congruent AV conditions, given -additt isvenpp aer A&/t
P190 anded&*d®, 2r vi; eN4ddall,et )2I10a0npd 2f0rldént ocent r a

Fleming elLi akt, a2@20@2,@16 Jal pot €®tlibal s compar e

uni sensory potentials. One possibility for th
to create an environment with mini mal sensory
met hod, t he tfe arsdiese almwdr swhsi used in the expe
sufficiently environmentally sali@ntditovietly,c
indeed any clear ERP components expected in s

Whil e we are unaware of published work 1in
meani ngful ERPs as we have done here, some r es
of EEG shed | ight on the potenheabi gMailktdétcnsk

allzo2d3¢scri be -vhawi hg maetpoase paradigm, both

expected ER®P#rioaml abatsriisal but grand averages

demonstrating no clear ERPs. Méercemsce shibien athail §
| atency, which the authors suggest results fr
each trial. From these findings, we suggest t

i ndi vi duallevaealdr ggspougpses t o the paradigm empl oy
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Further more, in an exploratory study

paradi gms i n yodmagndheX@R2LuRkandd | t B at

=y

©

Similarly, there is evidence that neur al

S

b

c

XxXperiment al

i g

onf ound i n dihaerger@el2a@bkses .f ound that

hly

acr oss

sensiti vter itaol naonids ei mdhidviidrutadr vari abi l

paradigms of varying complexity,

ndividuals was high, with some parti#aiimpdnts

ari abi

ity as others. While the authors

ensitive tonaloyziedg asmleadn ashma! ip euadke

omponent of interest and increasing

hat t

vind e

=]

t

and

sug

exam

(

var.i i

| at

he numb

he | arge variance observed between p

descr iNaeidk (@Bt@ &g hbeyse findings further

art

S

u

i ndli evé ediu apl e r h a pbsyt edvceadnmptornieanlt s, i n conjuncti

alysis, might provide a stronger signal

for

There is also evidence that the ditfefriicalll t vy

ari abi

ity of EEG signal s, with passive

otential) yielding a muchmmamnea (ERP=its.tadlnm,

h e

res,|

e2\0

case of thi s -cshtou dcye, paa rpaadsisg nv emaoyr hfaowrec eydi e |

alient

egdtWei neck

ounterparts.

task o

enhance

r

resp

sti mu(lRi,nhseuicrho aest saple.e,c h2,0 16 a miSltiraret ma

Future research in this
more environmentally relevant

subseqgmusens aredirsayfnahlerspni zati on
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Finally, there was very |likely a signific:
remove artifacts and movemédmwthocempemerins.e TBheg
increased pr esdeenxthaitbiiotnedo fmaRRERIdd y moweel | moavse me
rhythmic independent componests muhat omgy mbei o
we are not aware of any studies specifically
may behoove future reseaircchhewosultdo aulsleo ws ufcohr ai

tol erance.
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CHAPTER 4

Subopti mal Audiovisual Spati al Il ntegr a
4.1 I ntroducti on
4. 1.1 An Overview of Maxi mum Li kelihood Esti m

Ernst &0B2akm®usly showed that Maximum Like
the principle by which information from mult.i
creati ng-waeirgeltieadb ialvietiag eolmferewed icueh&Emastbeh:
& B¢l thoff, 2004; TRasi peoetsal of 26mMmB) ni ng cu
reliabilities results in the minimum response
by a smaller variance than that of eithtr uni.
mul ti sensory performance across a variety of
vestibul ar mot(idoen Wiinskcerli netnaali.oon 2013; Dok k a
201l5%ee¢sch etormala, reoineéw) tasks, but al so au

( Shayman eandalfcolrocRebd2ibavptsbuea lwe etanal (AP r2ddi Inlg) et

al .,l ae68alrF)zation tasks. Compl ementar yhufmanndi ng
pri mates rewwwdli onhatasikse <®Imbi ni ng visual and
increases in behavioral precigion aearooaltefa
(Angel aki et al . ,, 28elell;h eiemesrt bate da la.é,v i 2014 2 n d

firing ¢(GuesthodlEFeeszh0 &ftorala ,r ev0iledw) .
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chi
var
obs
pr e
202
by
al
t he
res
rel

exp

abi
pot
il

and

| mportantly, there i s -ospotmmemag u e snttieognr aasi otno d
l dren exhibit l' i mited multisensory facilit
i amBcreun(sseke R°der, 2023; Bfuorrr r& vdoerws,) .2 ORLeZs; e ¢
erved that children up to eight or 10 vyea
di ct edChamhbvlrEs et al . , 2018; Gor i et al .,

l)a modal ity (sAuantsh,i n2g0 1s6t;r aN aergdyi mie se@to nasle.s, d:
a single cue rega(rGdreissetofalt.h,e 200e8;s Neerl diar
, 2019 ,huzkd@tMLnEa | i ntegration appears to rei
sensory systems in question, and also ||
earchers propose that suboptimal di mbggbat i
ated to some combination of prol onged mat
erience relative to adults, and |l ess fl exi

stforO0O&8revi ew) .

.2 Maximum Likelihood Estimation in Autism
Whil e thegteanidd nboregui dence that humans ir

ording to the principle of MLE, the possib

ic of interest. First, it hisbiwelat yepsitcaabl | iis
|l ities in both wunisensory and multisensor
enti al di fference in how each cue is used.
usi ons, shucrhdCascitdh eetr ublber 2012, Paton et

Mc GZthlan(@gs ee¢f oarl .aanmaeddtga®i s) i | Il usi ons. Furth

Mc Gur k (McGsr &an & Ma c,[botneavledn,s ¢Z2n® I7ebh)p @t t t hat a
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adol escents not only report perception of the

(7]

ignificantly more |ikely to report the audit

only a weakening of AV intniegmadf oinnt @graati em,yv

ndi vi dual s e swehieghhttende avedriaagpe loft ycues under n
Similarl vy, ionr iae nvti sstuiad n t dBxestdofrraer(®d Onéabl )ianis.t r @ $ k
t hat autistic adolescents show fselective fu

congruent conditions but not-adutnicotniga uenoht rcwln

1]

mandatory fusiono. I'n i ncdwalgs uzppeamoaditto omes
orientation cues and ignore text urBeedcfuoersd wehte na

(201r6eport t hat @ ma nRaduattiosrtyioc fcuosnitornolisn rneosnul t e d

al so decreased accuracy in incongruent sti mul
cases be beneficial, resultintghe nsenakomy enoviet
Mul ti sensory studies have revealed similar fi
autistic adults show an increased |likelihood

signals across various spattawardd stphaa M iisetsgd Ir«
2022) n | ine SuwidvemrHfppolrédlsudlysti c individuals a
reliance on auditory cues compared to the pot
a Vvithsawali ¢ si zePqaldg2reetrieadtocags k t hat i n i ncongr ue
autistic individuals are more |Iikely to rely
whereasutnoesnt i c controls show a more diverse mi
and cue Ji,ntegaiant ivsnggeésuanog an omer modal ity t

deci si ons, even i f that modality is not the m
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4. 1.3 The Present Study

The present study is a Clhapt. e@wsRiiloinz eodf at hf
respmioeal i zat wbncpaabhdogend us to quantify re
We sought to compare observed AV responses to
t hat , in line with evidence described above &
eXx hti bmor e precise unisensory respbnmabk botedea

mul ti sensory condi tg othos.MUENp oirft aannt liyn d iavwicdou adli |

wei ghted combination schema, the mathemati cal
inherently smaller than that of an individual
suggesdtst itshtaitc i ndi vi dual s mMepwrrhapsegadureltioahbiil

phenotypic factors such as sensory sensitivit

as decreamed wbekweemnectivity or nded-ogehedeaered ¢

integrati®mamtfeerasla( desecussion). Behavioral, ne¢
features considered, we woul d t hus expect t
mul tisensory stimuld. aautsitgtoing | oyo mp aredtf erce ,i vre
from MLE. We also expected that for al/l partic
di sparities, wher ei nChaipnt,elrve2e wawvu t ¢ € x pdchgs of
Ssuboptiman. i ntegratio

77



4 Met hods

4. PaXxticipants

Al |l consent and study procedures were cond
by the Vanderbilt University Institutional Re
written informed assent and eaorsedrata fespeabli:
recruited 17 autilsh iyxe grass tmatdcphiehdt scgoengerdo | 3 S
mat ched when possi bl e. One autistic participa
tasks and was noh amaadakhwedsor Al Incpradedrcti @d nn Gr
hearing and ndtmmalmadr vé e roenct €drti ci pants had
epil epsy) or genetic (e.g., Fragile X rSgddrom
to have a for mal autism diagnosis by a |licens
Di agnostic Observat-2bor Scatl .ealNadipt d2s@ 0 8c) (pAD@S ci
screened for autirempoudiendg ItiHetcmeegyievesrn on of
QuestionnRuttern S&€Q;aadd ,wer0eD3nequired to score
auti sm di aaguntoissitsi.c Noar t i ci pants were-dalgs@eexc

relative with autism or if they had a history

4. Apparatus & Behavioral Acquisition

Ful I details concerning the Ehkpptemetedl|l yp
speakers eamd tliinghtdi odes (LEDsc)i rwdree adrornagn gae dh
azimuth adjusted to participant eye | evel. Pa

Audi tory and visual cues wrdeat octlhéedem@t erl 0Af
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500ms prior to stimulus onset, a red fi.xation

Auditory stimuli consisted of a white noise b
Participants reported the | ocati omeoft atrlgett avad
auditory stimulus, presented either alone, Wi

i ncongr ulenntt hfeb musijys. Updalo ¢ k € pants reported the |

Ex pmant al procedures occammdecht igldmn @a tdeadek oo tdh .
technical error s, behavior al data owhe Mhotala:
behavioral sample conqiusgtstofc parautcii ptained sand

4. BtaAtistical Anal yses
4. 2R8sphponabi Vatiy

Al | statistical anal R s€sr avefT.Rems,pp2@ET7)sd anao
devi adtiidonnsot significantly differ between | ef"

coll apsed &aarrigedastibvdeo Ihytpeot hesi zed that auti st

| ess rwasrpioafbeiel iunyi modal stimulus presentations
| o-lwe v el aeBdnbhekryet al ., 2003,-P2adhney ewmambn, 2
vi s(uBadrt one et al ., 2005; Hagmann et al ., 2016

di scriminationvabi Bbotri ecsoyn grwte nltarAdyent ri al s. We
standard deviwotuilodn bien lroewsepro nfsoer central target
and stthaantdar d woeVvdatieorms g-baetyfoargedst-oningared
and AV (tHaarigesttson .Rd&s padtnasped 2s0 @3 devi ati on were n
according -Wiol ka tShsapiarnod showed homogeneity of

test. We conducted two separate AtNOVAatestdsvi §
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bet ween group, tar gat. Jdached Xtonwe anampaaedad grmpg

devi bet waen group and BdpsIg4ultle target | ocatio
YC-COI 0P 5 OAOCAO | T AAOET Eq4 . :
YO COI Ob s OAOCAO 17 AA Eq4d. :
4. 2.3.2 Maximum Likelihood Estimation Compar.i
For each subject at each cue dispar@dty, we

to variance plPvegEiqct)@BEr2byt MREBéa&nks, 2002)

; e — Eq4.

| mpor tdmnewli V| al ways be smaller than either
observed AV vari thaleotwbismedallplaguteitchiapnenxths bwdr e
mul ti sensory, gaihviec fars spi rpet idsnimadh i ne wi th MLE pr
t hat condition. We compared predicted variance
rank tests. To determine whether error in pre:¢t
conducted angememaldietedulsing group and dispar
a random effect. We hypothesized -0tptat maluti an
therefore have more error bet ween obsetved ar
error -pmedviLcEt ed variance would be greatest at
are |l ess |likely to integrate the stimuld.@i

We al so sought to understand what factors

integratedptit nmah M™Ma&hi on, including diagnosti
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determined best cue as factors. We anticipate
MLEOpti mal comparied itco crommnt rol s, given evidenc:¢
singue responses in autisrmpeastedeshat bpdraboywv,]
would adhere to MLEoOwheseapaeretri cupadi sparet mert
compared to | arge disparities, where we expe
i ntegrat i@hnap(tséere 2aM slouat e our hypot heses, we
|l inear model to estimate the probability that
under di fferent stimul us conditions. We usec

di agmogrtdup, and cuBqdld) dparity as factors (

ENOQILGEWHOD s AAOO AOCA 6 A Edq4.

4. 2.3.3 Exploratory Descriptive Statistics

Finally, we separated participants into t wt
in at | easctondd%i oms¢cuand those who did not.
powered to conduct i1 nferential statistics, we
the proportion of individuals from whohwdr agn

Vi sdu@arhi nant adhadmi anuadchitt,oraynd t he cue ratio betyv

variances.
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4 RBesults

4. 3.1 Respbdarnsdy
We first pl oddtear minrde d/i wwawradtl yand best unim

AV variancpreaindt M Evari affcg. at4dath heFgrgn g pdv. i(1dBu a

|l eved 8e hel l er & .Narsdianily, 2&W24)an see a- cl ear

predicted variance was substantially smaller
Furthermore, at both the individual and group
genewakbge than the best wuni modal cue, indi cat

most participants.

Figure 4.1. Unimodal and Audiovi

Cue Condition Variance (Subject-Level)

Variance

Worst Unimodal Best Unimodal AV MLE-Predicted

Cue Condition Variance (Group-Level)

B group
autism
600 —+ control
3 400
g
00~
Worst U‘mmudal Best Unimodal AV MLErPr‘emctsd
Figurel ndi¥Vidually determined w

determined best unipmoeddalctceue v aA
(A) andBgroup (
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Fi gure 4. 2S5t aRedsaprodn slee vi at i on
Standard Deviation (SD) by Trial Type

A
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. Visual

B Congruent AV Standard Deviation (SD) by Group
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Dens
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sD

. Autism
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30 40

eDdn88itpn. plotantar ddsigsetwrsiabtutoinon f or audit ol
ity plotaondar ddsigsetwisiabtutoinons for congrueaut i
ol (red) groups.
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We next turned our attestapndatd dewmpati enB8:
For the unisensory ANOVA, we obser vdld aansd gani
trend toward signi7fBitcheengei focamgtr oepfdipd=O0odt t e
survive multiple compianti esroancst.i oNe @afi fde cntost. olbrs e
vi sanlly respoabdmd 4d B 285 was significantly S ma
audi-amlry tr ila8 .§7 5QR6iea.n=A I n the congruent AV /

observed no signifioandi aghedtgi.@gfdgtr2zaBugpet( | oc a

4. 3.2 Maximum Likelihood Estimation Compari so
Al t hough we found that MLE predictions of
AV vari &anage ,dswke f ound that the Fdigf)dadmlcdLEet
prediFdtged 4¢ 8Bi ance (i .e., error) did not signi
did our model reveahtangwcsigni €ftaotsmafngoou,|
P=0.34;subpect varianeadledk.t49y arlFameeenl S&E.ro 8 ;
bi nomi al mo d el of which factors predict optim
of group, cue disparity, or individually dete

we did observe a signi)icawhermodel hentewaspht

bet ween the total proportioniotegomadimnigoesthe!
to MLE or i n a Fswb)o pdtTimaatl ifsa,s hmoosnt (i ndi vi dual s
were either not integrating optimally or not

8 4



Figure 4.3. Observed and Predicted Re
Observed AV Variance
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pl otted

for each cue disparity.

85



predicted response variance did not significar
|l i kely to integrate in ChaptogtRembl tway. phr bt
integrate the stimuli, as evidenced by the cl
However, even in spatially congruent condi ti c

evidence of multisensory gain.

Figure 4.4. Binomial Model: Probability of Subc
Best Cue
100%
g
= 75% { o ?
_8 o)
(/3) ® o} ® group
- 50% ¢ Py @ autism
E ° @ control
-g 25Y%
O 0
—
o
0%

0 10 20 30 40 0 10 20 30 40
Cue Disparity

FigurEsdiwated probability of subopti mal integr
di sparity and-pocerdparted tamrnthMlshdce. -aRietdlst aod ( bbuoe
significantly more |ikely to integrate in a su
di sparaxtiise)s ainxd regardless of indivitbuag!l Ilyefdet e

4. 3.3 Exploratory Descriptive Statistics

We observed that there were two participan
conditions. Surprisingly, both thesedopnrarntaincti p e
and the othdomwaantudFboryhesectwor paroi wapaktg

Al remai ni Ng2plarpgnedpraninant(ly integrated in :
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Th

pa
Th
st

w h

pr

of

20

20

et

is group i-aeliudteidec a¢dntnroml s and 84. 02% of

rticipants, 5d30.Mi4n% nw e r ea nadu dtihteo rrye @ imn inmgt 4 6 .
ese individual s6 mean cue r alté ot avacso nld WBc7tN 1i. n
atistics to compare these groups, the modal
ich seems to suggest that neither factor 1is
cording toi MLIEI. Kk&Rlay htelmat ia number of cogniti
peri ment al factors (e.g., prior trial effe
ecision) contribute to whether anuliddben afuiat
om the useacki atgt enet honwWs such as eye tracki

response collection, such as a button box

.4 Discussion

. 4.1 Auti-Adtiicstaind INmai vi dual s Have Compar abl e

Given findingdwevfel e @Baneeotd yet al . , 2003, 2
r vRaaelney eanal (iBx2dlod)er et al ., 2005; Hagmant
03; Van Overwahlsetewvialy. buOépker multisen
ndency to perceive multBebkhkoorey all ysi2c0ddg;
22; Stevenson et gl .r,uhbdbedr 4i; C dZshsiinagneett aall..,, 22
al).,, we0lWere surprised to find no signifi
i sensory or congruent AV trial s.

|l nterestingly, we observed that, while not

smalvlaen ance i n the congauwteindt ita i@adrst rcolmp.arWhi |
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result from truly better precision in the aut

be driving this difference. Specifically, in
report the | ocation ofndhiet saaldfi-stpoeocyi nia dce | a tivwyein
changes Rohpd&edN@pPddhleystrate that i n an AV s

modas$peégi fic cueing causes observed cue wei gh
performance. The authors further show that ob

on wbuehis attended tVveramnd | oe &oGide d ,a(s @lde Saclrsi ab

autistic participants are more |ikely to rely
that a slight decrease in AV variance in the
t he confl i cwhiincgh wiosuu adl octuhee,r wi se be expected t
from the auditory target and increase respons

4. 4.2 Children Do Not Integrate AV Spatial Cuc¢

Contrary to our expectations, we observed
cue disparities, did not integrate according
for this finding. First, ia sbouéed OF mol eds

combi naHiilolni (80y§ 2 )Aallo. benefit from MLE (in the

di fferent cues to the same object property mu
aut hors explain that in the event thamnhinlge st
the stimuld. 'S not physically possible in th
accurately predict a response becduse tthh s <tais
spatial |l 9stciomwlrwsentcombi nat iexmp.er iFme mt-lstalpe fi rc v io s

di scrimindat@o6@pepaolr.t t hat when two types of <cu
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a single modality, the information is fused
combination; in contrast, when information fr ¢
| i kely to -crueel yi nofno rsmantgloen tat iinf od enc itshieamnr. dFR sl
st udMe ibjye (2 Oelt9%¢)pbrt t hat whil e adults perfor min
decreased variance in the multisensory condi"
over wei ght the visual cue relative to the r
cmbination. This finding not only al{W%alkclhlith
& Warrenpn, bu®8@) so suggests that the cue comb
capture the relative weighti mpdafl(izt®e recspp ys e d f

weightingdi chehwietolmiedh a given sensory modality)

cued toward one specific modality.
Anot her consideration is the effect of at
confound i @Gr o@®#® 9nboetseusl ttsh.at i n inattentive part

experiments e mp tcdyii tge mgnoedh pgdow andoie gl ms el icit I

threshol ds -asd igrle avtaerri atbriilalty in responses. A
magxhi bit | arger than expected variance i n A\
temporally congruent) conditions. Il n the case
under incongruent conditi oatst, e wthieareitho stt wonud
simultaneousl! y. Thus, as mentiodpdr taibowlear Ifyu
children and for autistic individualdmaybot h

benefit from the eseumnd atytentiaceki ng d$ti mul i
Rel atedly, our study explicitly asked part.i

an oeepnedned response to an ambiguous target. Thi
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i n

r e

P a

B a

r e

cu

hu

Ar

tered participantsa@optiikmmdli hiorotde if ataiddire r s tnrga tt
aa lttweor n a tcihwea cfeorA¥etd ocat i on Ribihec ki N@P@atBihery p
port that while visual cues were generally

congruent AV trials revealed nearly wequal

Il ti sensory gain. Further moy eweitchhet aaft hoh e

creases when participants are asked to repo
us, 1t is possible that our task instructi ol
the multid®ddessoanyiognfirom those predicted f
om-piLeEdi ct ed mul ti sensory variance.

There also appears to be a distinct devi at
radigms. For instancRohe n& aM@p pddgmacyrti db etdh ea bfol
ttaglicds3lowat hat in similar paradigm, judgm
|l ative reliabilities of each sensory signal
e ( sferenodlds oe't al ., 2019 ;ntMeagiejsari ngtl yal unhda®o:
mans petttwam predicted by MBI (Se. gc.oompd erhiem
nold et &aust &22H1Wg and ot hers have proposed
modal ity appropriateness in spatial par ad.i
even better performance as ae rsetsiunhutl io.f Gsoingk
suggest that MLE optimality may not necess:

even age of participants, but rather task
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CHAPTER 5

This chapteriMi a1i amdhdptded fferemces in auditory
auti sm: A syst e maatniacloy seivs$i iesehuwrdndd um ezt Sad
Deevl opm@ingemnashd has been reproduced with the p
caut Woldsiam J Quackenbush and Mark T
Vassalll, S. G. , Quackenbush, W J. & Wall ace, M.
Oddbal |l Ataskm: i A Syst emaAniacl yReAvaiteiws ma (DAeOvVRIED)ias o r

https://doi . o0d2y®617&.22007/ s10803

5.1 I ntroduction

Autism is a neurodevel opment al condition th
i mpairmenpat( 8€Er hsanfl restrictefdAmedi capePsych
Associ at.i oAd,di2t0Oilo3n)al | y, sensory processing di
phenotype and have been SGowh. tBarcomelk | att ealw.i |
Feig et al., 2@abhd; RBR8nd et al .-Fei2®1OY) dl. . H.2FD
& Stevensonfhe2Ole9)ati onship between core auti
di fferences may I|lie in difficulty extracting
environment .

Speci faicadalvley ,ewigtalgetmee@at nat ur al environment r e
of upcoming stimul.i (e. g., via statistical

phonol ogi cabpathdar sgginvieancrteiachg i @ §®pedeh signal s;

compl ementary visual speech information, | ear
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act i(wiatms et al ., 1991; M°tt°nen et al., 2002;
van Wassenhovwaendetf ali.l,i t20@5) comprehensi on anc
(Sumby & Poll ack, 1954; L. D. Rosenblum et al
al ., and20pCrmakbe et al ., 20eln5;i rM°ntrme’nntesn. et al

Research on predicsctiaondi ng aodi $® imsenjeomdgd

|l ndeed, some relatively early neurological f
cerebell ar st r(WCotuurrceheamae feunatli.gn 1984; Cour ch
al ., . 1B8B) instance, visual and visuospatial

shifting deficits in autism, which in many w
cerebel | (aCo wWracrmaegsene et al ., 1994, Courchesne
Notabl vy, t he cerebellum integrates external
preparations, and predictions of upcoming eV

expected to have widespread efcftaecotnss acarb ofuctr nahtei
environment . Contemporaneous with these neur

Processi(nMi nnsohdeed & Gowadss tdee we | 01p9e9d8,) whi ch prop

characterized by i-newaelt mperdorammadceogomi i iowe t
demanding, ¢cWMmpseaeawtaskal ., 1997)

Combi ned, the historical per spectadrvdeer phoriaitr
function and integration of enWWbr enmeencteanlt liynf

theories have been expanded t.o Moes tapnpdtiabdl yt,0 R
as rigidity in routdserss orayn ds earsssiotcii vaitteide sf,e adi
predicbmapw, betcn part attributabl e t oSicnhhaanges

et alf.qr 2 1lrdevi ew) .
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Yet it remains wunclear i f sensory prediction

To evaluate the degree to which auditor-y and

autistic indivpedeuabs maweietemrayni aredl vi sual oddb
proxy for prediction. I n oddbal/l paradi gms, a
presented repeateddaydomf hembsesomef psepdat s, a

pure tohéementy )fdrieguemesent ed. This paradigm
signatures of pattern violation and change de
and its easy application to auti sm, rebBearch
partly due to the heterogenaemeyabvdartipaetsisarmd simr
oddbal |l ipag.aditghe)(st Honwéwuesr j tisfeltf he oddball p &
of prediction, and preendiomntei avro uil sh reeddtpeescidsd ai am es

support for these associations.

5. ExBmining Sensory Processing in Autism from
Building off of hi storical ompotratisomd! arlds
autism suggests ashsadc icaotmpd efxe actourree sanadf auti sm
in sensor y( Rlpleicdaantad o&sBur r, 2012; Zai del et
Noel , Lakshminarasi mhan, et al., 2020; Par k e
201P)edictive coding refers to the idea that
represents stimuli accordingdbwnaeppebahil osti
environmeanstamdatyed based orupi reamiony b otftoo

simultaneousl y,-upeseagbirgnsoi mhooddvwnn esxhpaepcetda thiy
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The predictive coding framework assumes that
err orFsri(ssteoennida2 @39 eftoralc.omp2Z0e2h2zensi ve revi ews)
However, tincamnumtbe ndi fif i cul fupt @ ndlo WPt ammo ree nt
when both domains may wel |l be altered. The tr
S ome degree eaufp batdlo wmoetitramgul aritiesd For i
chraacterized by the reduction d&dins nlear@eél vy efspum
altered in auti sm. RedUdedadhaéeit @ReMarr & ®in8)za wed
al ., 2020; Camndbial . etcoaipb)nendz3)combi ned wi
l ooking times to(WebkattdalVi suabDl16tdBulgBesHoc
a modgadnetryal difference in habituation in auti
autistic individuals are slow to habituate du:
prior stimulus exmesure to inform predictio

|l ndeed, changes i n sensaany spgrn edii dtiliearre droay sk e
ability to Pcadmeex teualailz.e, 20 107; fReelxliibd(avadnn& oB
de Cruys w@otewalsenhs®20%¥4) nlowmati dnt (stec, i bdpvi
exhibit endaelceseh®aowry discrimindefonedbBbsl ntbe
gr at(iRiigvsest amdalaudi @BDErgn alonets al ., 2010; Heat
2008) but decreased di scrdeaem fettigonn/Bpohokistdy tf ar
2018; Kor pi |l asshe@a mebon aétf,oal 0a0.72e0vd 6e weg d , this e
simult gmeanussl yt o enhanced perlceevpetluadt iantuuliutsy ffec
per cept utah atd eif n osrit d asue uvei Fcbormtph eerxma rye autistic

ot herwise average cognitive profaobhwets reodhi dii mp Ic
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motor, | anguage( Miamgh aeanve meotr ali as ks 7 )hg -may poc
general difficudorides imfegmatiowg. hi gher

When considering the role of sensory predic

reasonabl e to believe t hdaotr pirneddeiecdt i aiyrseo da nad li icfL
contexts: ability to cont exstuasleiqzuee nitn daicvtii dounasl
states I|likely bui-ldselsubenhaatyaplgdbotil omweabi
soci al prediction in autism have (fAnvthRhlrdetdees
202a3nNd woennufni cat{vengeset ukbgbe enhfatm, a20l6éh

5. Th2 PreséAtMe&ttnandy si s of the Oddball Par adi g
The purpose ofcotnldius tasnaallcypesaivesh 11 hg gr oup di ff e
auditory and visual &dadparl ddipgm adp gganisf iicnalaluyt i

signatures of patternAvVvitdloatgihonotatmedr changal dec

ncluded i n socenme ionf {atimhaed ypseepsear (se .cg.t, gl obal fi e
neur al met and ohdeatdethese which ar e ehmha@adte dwi

potentials (ERP&8&Wwerne tdreevi Bt BB ptialinidve P8 ab mg

interested in whether other paradigm and samp
For inshwmethewiezed that effect sizes Nwotul d
only are sensory processing differences in a
stimuli, as discussed above, but al so, studi e

f eat(uRruegsgy & Calntedas s k (10odghed | & LSucnki ,IP&SIOYBYypot hesi :

to function as a part of context wupdating, whe
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their expectations abeoti thdhudn Ivier woain Wdi rexrprs
P3 effect sizes to be modulated by stimulus p
Addi t ieomearetl ot ed poammltiitadd e sEReR)vd 4 bk tharyt i al
over the cour(ce. pgfe(didiIn®l epmahta 2PIBEegmatic rev
anallN3, ¢sT@een® et al . , 20PLH sedanr Dentalreor 280 2)
systemati c raenvaileywsWesntheeéeéftore hypothesized th
modul ating factor in ERP effect sizes. We al so
be related to effecmi ssmatecsh mMNegarvdhydidiyo aripvasis)ie s e
preons diediexcti on of (Ritmatusatmabhbegeil®dTd®Il) all oc
consa@awauseness) towafdtl238t?fmahuystrebhkgcded F@&Irynal
di fferences are quite common in auti sm, and \
mi ght correlate with the degree of group diff
Finally, given the increased rate of autism
taccount for s.exFaw otuudiaensal lyswes exami ned s ex
healthy dpapdladtnenshat wedalt éhawghei,bhagelkenyus
there are no segPdlfthrenceb. (el§85; s€toel et

studies of sex di.f fTehruesn,c ewse ienx pPe3c tleadt ennoc ieefsf)e c t

5 . Met hods

5. Zebrch Strategy & Inclusion/ Exclusion Crite
For eac ho amald d loirtyydandompsehénsive | iteratur

PubMed database. For the auditory modality,

tnNn
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(auditory mismatch negativity) OR (auditory c

search terms included ((visual adaptation) OR

AND

(auti sm). For al IN=4 2 c | M=dlsbd)a,ls trmuadni ueasl (saeuadri ct

reference section (reverse reference search)

i de

fr

0]

(fo

Stu

St

u

ntified in the&=18&; tN=i@d)uasldadchi caadi yor yor
m the initiadldemubMeaddguwardy,tiwe al rel evant
rward referemMecé4) seartch)tlaudfli naty search uj
dies were included in the final anal ysi s i
Reports neurophysiological met hods ( EEG, 1
calcul ate a standard difference effect siz
Participant sampl esuitnsltude caowmttirotlisc oand nr
familial risk for autism

Avail able in English

dies were excluded from analysis if they m
Noi di opaautthiisemi Bkghgr oup ( ssyuncchFoaasgc!|l eauXi Smnd

excluded f)rom anal yses

No healthy control group

No neurophysiological or behavioral met hod
Ani mal model s

Therapeutic intervention

No-primary | iteamaluyrsee s(,i .reev,i enmest,a comment ar i
Duplicates

Unable to be retrieved
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A content expert examined each title and abst

for studiestthabtt mete and abstract i nclusi on.

5. Btady Coding

The first author exttradip & da adwstr cdyd etdyspeea c(hd isa
at i sk), mean age, percent mal e, autdwenr esever
col I,ecase tiheel Itoydpdeb aolfl damsa rdg tmi mwalt gy used and t h
When avail abl e, means and standard deviation
participant group; i f reported ahyvsdlhtee,a tiitt por
valuessgue ol ues were used to calcul ate effec
EffectCobheddésw@s chodbcukatbddang -bposierdtb ef f ect
calcyWwat esro.n, Ton.edn.s)ure rater reliabithe yseadihd
aut hhaddoti onal (Aabnomembegwewd)j e blinded to all
Reliability was excellent (absolute agreement
during initial data entry.

|t shoul dethdbahet sd udi ear ealnyal gizedmi nimeat B8
compoMdNt and NalkBtead referringatotthkremM2bactompio

For analytical compl eteness, the authors si mp

5. Btatistical Anal yses
Al | statistical ana(lRR s@sr eveT.@é8\ent,0 s @& gefdo ri n
(Vi echt b apuaecrioasg2e0riddg r dt of oo anmuM eacst o Cld éigg\Wle® sc h o s e

He d ggefsadr its ubiquity and interpretability, a
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cal cul ation. Adddandnthedjd gggcsaddo thle Cahemnmdsat ed fr
reported stvaatliusdtdi)candleygges descri bed hereafter
on auBEGbrymagti ag auditory bEeERGVviinmrgd la gd aatna, vV i
behavioral dat a.

We first examined average méf afglemcstiizoaest enort he
(Bal duzzi pdckaage, 2wel 9ge fefad @tds amodaenld,omwhi ch a
weights for each study. We first sought to e
bet wetemdy heterogeneity. For each study, we ca
true efU)pet esizenateddpehwe®Bonodendiet predi cti on
the trwe Hedgeenti fy which datapbudy shebsetoge
we usddndhe wtnlcitd meat(dmar rer ewhialh. ,se2arich)es f or
outl i ersori nfr aanfdfoenked model . I n this package, o0
the upper bound of CI 95% < the | ower bound ¢
bound of thep&€ld B&WN&E othet fgdaprreedi cett iWdarn | ien R\
studies were not amatlysded fweomwef er tatbdre t o ob
removal esnt ubdeyt vheeetner ogenei t y.

We next explored publication bi(l&gglky eonadct
vi amehebuastmeoth8alf duzzi. eFoal our 28d8)yses, we
regressi onége |l duveesi (Hretdggdke sbhy t hédion it heersesetaadiaa
We then comnampEtiteesdit at ol det er mi ne whet her the e
|l arger than 0. Note that we were unableesp co

as there were too few N29 fit a robust regress
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Using individual data pointafleweantexar sowsg h
characteristics effect size. To do so, we fir
mul til ewveflf acatndomo e b S mngit metnd( iVvere c ht baaue2r , 20
l evel-l gt lbdyghd)o |l neadd e |l eavnedl a(-k3¢ ¥ ek-t e s & 2 gEyp.oo0 | e d
52) model . We then compared performance by c;
( ANOVA) . I f one model significantly outperfor
analyses; if model performancetWwasmonot pagsi Mmi
2l evel model

Upon selecting the most appropriate model ,
t he pool ewdsiernd etche sfi alel owi ng model structure

MOQRIEA QQ1 b &iudy Eq.
MQQRIER QQL b Kivdly rect EQ.

For al | dat aset s, moder ators of-riisk)erestddba
di scriminator, (<t igmy(leafsgetqupeomnye)) , t asstki mud atsi v
emoti omedn tagngpee,r cent BRAG/MmMagiFmg stuidmnelstdene al
componentanipel.jgt.a,d eNa2 , mobdoetrha tEajr&r2e aade 1 f signi
conjunction with the stimulus (oddball di scri
passive) BEgdBameters (

‘MQQRIGL @ ¢ # RROIDBAIUOT QRO EHSBOO WIA M Eq .

For behavioral studies, we included both the
behavioral metric (e.g., response ti me).

Al t hough noapraihgyginot hesecsumabout effect size

the first auditory oddball study cited was pul
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cited was publ Taslhicla ei)n.w2TOhOu9s ,( sweee i ncl uded pub
additional moderator to explore how technol og
influenced effect size. Finally, to elucidate
and sensiogry, pwedcampared effect sizes for emot
requiring emotion discri mimhaataicthn )mowietl h twlkeo & a
pval ue of eatchh icoerntdfifcy est gni fi cant predicto
moder ators, wekesbnducmedemaat &r s .

Finally, for any model results with signifi ¢
robust variance estimation ( RVWE)I Bkanwdka+id ymu lh
|l evel Oombdedhsassume dependence bet ween hdfsfoect
assume that effect size est{( Mattgses aedRVeEEhdep
does not imaleependenc.eVeasas unopntdiuocnt ed hi er ar chi ¢
clubSapdwstcdj opakk,agzQ2hi phiheags lerhdsct si zes
study arge aortheastaemthe subjectsd data within a
mul tiple €fgecthWHenrr ebui(l di ng aweRVEBe we cbade
coef fj,lcatemeaen effect si.zeBo wddiim, twe assasnemed u
assi griOMNWg . ne xt conducted a ssaBssifiumicityiyoan dlny ¢
packraogbeu hé&ti a her & dngdgtanhi 20abyfhical wei ghtin
us to evaluate whether our estimateeswasasgf hg

0O to 1.
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Figbtr®8chematic
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5 RBesul ts

5. Zekhrch Resul ts

The initial PubMed query for audi tory studi
retained. Forward and reverse citation searchc¢
including 496 i maging eff ecNi e zefs tamas e 8s tbhwech
behavi oFal tdlae avi sual sear ch, the initial gue
articles were found through forward or rever
retained, ingl edifegt 74i tenagiand T4 lné h aihiesreals

included behavior al dat a.

Fi gbrRRI SMA record identification

Identification of Studies Via Databases

<
.9.. Records Identified from PubMed
3 2 January 2024
£
L
g Total: 705
3
l Records Excluded:
* Review/meta-
Records Screened: analysis
705 * Not oddball
* Not autism
E > | « No control group
< ¢ Therapeutic/
E intervention
3 * Animal/
Forward/Reverse ::Sr:;tithatlonal
Reference‘Search: « Not available
22 Auditory through open or
credentialed
l access
-s Studies Included in
- Review:
% 64 Auditory
£ 15 Visual
FigurePR3S SMA diagram illustrating

process.
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St udi es us edanfadeyrsé Isii sbuwmdtl & me nt arAl tThaobul geh 5t. h2e
maj oratugidotébrd/i es used EEG, some NE7) handt @t MRE
(N=2); the remaining 55 studies used EEG alol ch:
visual studi esharsadt €EiIGst iStasbHaele di spl ayed 1in

Tabsl.el Search Results
Auditory (N=64)

Publicat|{1982024
Di agn/98 %
Participant Auti sm MeE(N%—;t[k);Jtlsm D
Ag 13 .N8B. () 14 .N8.0) 0.68
% Ma 80 .N&2( 2) 69.Na7(5) |0.002
Mean Ef{10.16 (N 25423, 33an4g4] |
Vi sual (N=15)
Publicat/ 2069022
Di agn/ 84 %
Participant Autism MeE(NoN—AgE;sm D
Ag 18.Na1(2) 18.N0(6) [0.98
% Ma 8 3N9(. 2) 75.N1(8) [0.14
Mean Ef{10.R2RK 1.936.76anh@. 48)

*p<0.05

5. EfZ2ect Size Heterogeneity

5. 3A@didtory Oddball

The esti matsedet ode aeflfiBSiciAP evgaGc7/Omivi hada( 95%
0f-0[3, 0.15fudBethweemodieADBEthey was i mMagrd( st and
of the true UseDfwid@th stihzee smawaosr i ty of wvariati on
effect9si%2€ Holwever, it is important to note t
we anticipated that outliers were ftihred.poutmaire
function, we identtiddieals ;24wlpeon esmx d¢laddeod,t |tile

was somewhat | arger wit lg=-0a31n@&.1-BD ;6]0)e.r BEoxrceldu dcitn go
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outlying studies also gtedgethebemagbneimay | sco

var i Bxn@30 U8l though true differences in effec

of study >=Ba.ricat Howe (dr , it shoul d tbhee nsottuedi ets
identified as outliers used speech stimuli, wl
simply as a function of | inguistic ability an:

autistic sampleinahest hesedstdudoesefromm furt he
for sample characteristics in our analyses be
When conmmdaytindgii es t hat contai nedi g.BRI,i tti na al
estimated tr g=e0 .80f wWwedth Ri-0B8 WHLB Wef olbserved a f
bet weteindy heter ody®metiheg esstoirmat(ed standard de
behavioral UfGewét hsithesmaa®rity of the variat
from true differ &mcesw iTnheeftfeesctt osfi zleet(elr ogen

(QH82 .;,1P<0.0001). Wealdenmtilfiieed 1 potent

From these analyses, we can conclude that th
di fferences in auditory oddball paradi gms, as
with Cls that include 0. Eent hedy mbeeer ¢t hemei ti
sizes, which makes it difficult to interpret :

5.3VR2saal Oddball

The estimated true effectFi$iCBe wal® 31 hwi tvh sarad5
Cl -0f27p4Q7.. Het erogeneity between studies was e
than in the auditory,=®daBnhd aa nh eetsetriongaetneed tsyt asncd
the true @f®2atmostzal bfeffect size variance w

(96. 732 . Q=<0 F0Q@1weuedi edentified as potenti a
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the estimated g0r. 0D t ehf fae cI DY | @)le 3adsn [est i mat ed
devi atUi=@DAanodf a beudgemeter odg=eD&EQ4A Y., $Pac0e 006D 1)
Even when the potenti al outlying studies are
from true differ85MMes in effect size (I

Comparoifsosnhsugi es wi t hFibge.DBa vrieovreaal | eddataan (e st i ma
Si zg=0&f3 with a-09850%Q@ClI Refl a[ti ve to the auditor)
obserwviedbkma wetendy het er Ogk)Zaeidt yss comeé el st and:
of the true belh=a®) Mhrealma¢obirecty ifze he effect s
to stem from true d¥Rf &e nTchees tienste foffe ch e tseirzoe
significianp<0QQeo@HdHentWfied 2 potenftiimd. oouuttlliiee
functi on, which when redmolwewdgh ys tibldlk ddeagenniufcihc

het er og elBe,i8tyH)(.. QD=0

As with the auditory studies, we observed
di fferences for visual oddball paradigms: bot
Cls that i ncl uded -sOt.u dAd dh et ti eornoaghdi ngeh e bye tiwsee set nheev €
studies, indicating a |l ack of generalized fin
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Figo6rBf fect si

Zes

Auditory Imaging Studies

Source SMD (95% CI) Source SMD (95% CI)
% Gonzalez-Gadea atal. 2015 -1.70[-2.14; -1.26] —i *lwanami et al. 2014 -1.07 [-1.30; -0.84]
* Kujala et al. 2007 -146[-1.88;-1.03] - Lepisto et al. 2007 -0.34 [-0.68; -0.00]
* Lepisto et al. 2006 137 [-1.61:-1.13] E 3 Lepisto et al 2008 -0.22 [0.73; 0.28]
* Lassen et al. 2022 -1.03[-1.24: -0.82] l
* Matsuzaki et al. 2017 .0.79[-1.15; -0.43] IR Irwin et al. 2023 0.00
% Gorls ef al, 2018 078 [ 1,06 0.50] 1 Kahrson et al. 2014 0.04 [-0.18; 0.25]
% Ceponiene et al. 2003 -0.75 [-1.02; -0.48] B Gomot et al. 2008 0.12 [-0.19; 0.44]
* Kujala et al. 2005 -0.86 [-0.75; -0.57] -] Nijhof et al. 2018 0.17 [-0.25; 0.58]
* Gomot et al. 2006 -0.66 [-0.85; -0.46] | Lindstrom et al. 2018 0.28 [ 0.11; 0.45]
* Kabil ot al. 2023 0.641.0.96:.032] - Kujala etal. 2005 043 [-0.04; 0.90]
* g;nght etal, 2020 057 [0.74: 0.40] | ] Total .0.08 [-0.49; 0.32]
ry et al. 2021 -0.52 [-0.84; -0.19] E L
Lepisto et al. 2008 -042[-0.99; 0.16] - Prediction interval _[-1.28; 1.12) i .
Grisoni et al. 2018 -0.41 [-0.74; -0.09] R B
Korpilahti et al. 2007 -0.41 [-0. . = 3 2 2
Ludlow et al. 2014 -0.41[-0.58; -0.24] B SMD (95% Cl)
* Di Lorenzo et al. 2020 -041[-0. =) Heterogeneity: 12 = 102.19 (P <.001), I* = 93%
Dunn et al. 2008 0,39 [-0.77; 0. -
Matsuzaki et al. 2019 -0.39[-0.86: 0.09] —-+
‘Yoshimura et al. 2017 -0.38 [-0.71; -0.06] -
Oram Cardy et al. 2005 -0.37 [-0.62; -0.12] -.-
Abdeltawwab & Baz 2015 -0.36 [-0.79; 0.06 — . . f
Haigh et al. 2022 -0.35 E-a.w -0.22]] [ ] Visual Imaging Studies
Piatti et al. 2021 -0.35 [-0.56; -0.13] ' 1
Viaskamp el al. 2017 0,26 [0.48; -0.03] Source SMD {96% C1)
Matsuzaki et al. 2019 0.20[-0.62; 0.23] * Sokhadze et al. 2009 -1.86[-2.23;-1.50] B
Gorls et al. 2022 -0.18 [-0.47; 0.10] * Sokhadze et al. 2010 -1.56 [-2.13; -1.00] ——
Jansson-Verkasalo et al 2003 -0.13 [-0.60; 0.33] * Dwyer et al. 2019 -1.00 [-1.20; -0.81] .
Lindstrom et al. 2018 -0.13 [-0.33; 0.07] Key & Stone 2012 -0.23 [-0.47; 0.02]
Wang et al. 2017 -0.12[-0.52; 0.29] Wang et al. 2017 022 [-0.46; 0.01]
Jansson-Verkasalo et al 2005 -0.10 [-0.44; 0.24] Kovarski et al. 2021 -0.02 [-0.35; 0.31]
Ruiz-Martinez et al. 2020 -0.09 [-0.20; 0.02] Baruth et al, 2010 0.00
:32::;'3;\ ots o Eg;g 213:} Sokhadze etal. 2017 004 [-0.27; 0.35]
Lepisto et al. 2008 -0.08 [-0.20, 0.04] Hecker et al. 2022 0.04 [-0.20; 0.29]
Charpentier et al. 2018 -0.08[-0.33; 0.18] Clery st al. 2013 0.52[0.35; 0.69) n
Gomot et al, 2008 0,07 [-0.39; 0.25] Van der Donck et al. 2018 0.54[0.15; 0.94] -
Fan & Cheng 2014 0,07 [-0.22; 0.09] *VWesterfield etal. 2015 0.93[0.61; 1.24) E B
Kahrson et al. 2014 -0.06 [-0.31; 0.18] Clery et al. 2013 1.29[0.79; 1.79) ——
Lindstrom et al. 2016 -0.05 [-0.36; 0.27] Total 0.13[-0.72; 0.47)
Kasai et al. 2008 -0.03[-0.29; 0.23] Prediction interval [-2.25; 2.00]
Kujala et al. 2010 -0.01 [-0.47; 0.44] T T T
Kuhl et al. 2004 0.00 [-0.15; 0.15] 3 2 1 1] 1
Haigh et al. 2023 0.00
Hudac et al. 2018 0.05 [-0.14; 0.25] 2 2 SMD (95% Cl)
Gomot et al. 2002 0.1010.23, 0.43] Heterogeneity: 13, = 332.23 (P <.001), 1* = 97%
Guiraud et al. 2011 0.14 [-0.16; 0.43]
Gomot et al. 2003 0.15[-0.17; 0.48]
Zhang et al. 2019 0.16[0.08; 0.24]
Whitehouse et al. 2008 0.17 [-0.36; 0.70] Visual Behavioral Studies
* Mayerie et al. 2023 0.23[0.17; 0.30) [~ |
Riva et al, 2018 0.20[0.15; 0.44) = Source SMD (95% Cl)
% Gomot et al. 2011 0.38 [ 0.16; 0.60) L 3 % Sokhadze etal. 2017 -0.50 [-0.70; -0.30] 3
Roberts et al. 2011 0.39 [ 0.00; 0.78) il Baruth et al. 2010 0.00
: I‘::::m"’“;'j‘):gw g";i : gégf 3 ?1: .. Sokhadze et al. 2010 0.06 [-0.17; 0.29]
Cary et al, 2023 051 N Kemner et al. 1998 0.19[-0.17; 0.56]
% Erwin et al, 1991 0.61(0.34; 0.58) - Sokhadze et al 2009 .28 0.03; 053]
% Irwin et al. 2023 1.18[1.01; 1.37] [} Clery et al. 2013 0.34[0.19; 0.49]
s Courchesne et al. 1984 1.32[0.87; 1.77] = Clery et al. 2013 0.39[0.01; 0.78]
* Donkers etal. 2015 146(0.77; 2.14] S e Odriozola etal. 2016  0.49[ 0.20; 0.79]
»* Ferri et al. 2003 2.85(2.13; 3.58) —a Westerfield et al. 2016 0.83 [ 0.54; 1.12]
% Lepisto et al. 2007 5.44 [ 4.03; 6.85] * Key & Stone 2012 1.26[0.79; 1.73]
% Kadlaskar et al, 2021 13.93 [ 5.03; 22.83] Total 0.35 [:0.02: 0.72]

Total
Prediction interval

-0.07 [0.20: 0.15)
[-154; 1.39]

Auditory Behavioral Studies

Prediction interval

SMD (95% CI)

[0.78; 1.48]

3 -2

SMD (95% Cl)

Heterogeneity: 2, = 1369.43 (P < .001), I* = 96% Heterogeneity: 32 = 93.10 (P < .001), * = 91%

FigurEf be@8t audesobpy Bmaging studi-@sO 8aeusdibtnoartye d
additional behavioral doa.tOadv){,e scei mamadgi hgust efdi ¢
=-0.18) ,viasnudald.studies with additional behaviora
indicate pooled estimate and variance Studi es
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5. Pudlication Bias
The purpose of examining publication bias i s
nosi gni ficant findings may be withheld public

problem for researchers ai mireg utse durEdegregtoasn d ¢

test to calculate the regression intercept of
errors. Funnel ©plots may al sodae usédidr eotvesgas
of publicatioatéesashéeéhptresadce of studies wit
effect siz€&s9.Ad hehown tiirrc al |l ine represents t

study is plotted bygxisg)s aversgengjiifeStudcoee( ¥
within a funnel shape, wherein a wideudfyunne
heterogeneity. Additiond&lilgysédhaeowet t®| avercage os
|l evel of each study.

5. 3ABddt ory Oddball

For the sake of wvisualizati on, outliers hav
i magi ngFsf Al ebutl al l studies were included i
the | arge variation in effect sizes and high

significantly |l arger than 0 (t=0. 23,t ak=eh. 8wli8tz
cautHiolnAL |l early demonsstattessawnumbenustb@ally
positive effect sizes relativeigmi f heamptoohesed
calculation may be a resul't of the relativel
studi es.

Our estimation of publicati on bi as across

o

ompl eted due to N=hé&)s mdlolwesyemp!| i siuae ( nspec
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funnelFi BBt shows that all studies fal/l wi t hin
suggesting minimal asymmetry in publication.
5.3VBsadal Oddball
Publication bias was not si gni0f.il2a n tpEi0og r9 0&i3t
5CF or visual behavi orhRil § Bt.udiiewe (dar=1.a083, wipt=H
i magi ngFisd .Q4tlii ®@3l,ays a number of wunusually high
in the imaging studies of visual oddball s.
FigbrRBublication bias
a Auditory Imaging Studies c Visual Imaging Studies
° o ® ;'h'-—cP O p<01 ° @ p<01
- o % o . O p<0.05 - ¥ B 0 O p<0.05
S o ©° ° 0o®% o O p<001 S R O p<0.01
‘o_ DDQ- = L
= ced £ £ °
g gﬁ ] ) o
;_ﬁ | R I — g_l T T T T T
-3 2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
b Auditory Behavioral Studies d Visual Behavioral Studies
° \ @ p<041 < i @ p<0.1
- i de O p<005 - | Vi O p<0.05
. S o i =% 0 p=<001 s 7 . ' O p<0.01
T ° 02 = \ o
;7\ T T T T T T g_l T T T T T
3 -2 -1 0 1 2 3 -3 2 -1 1 2 3
Standardized Mean Difference Standardized Mean Difference
Figur ®ubl #cati omudbiitaosr yf toiurdageisng outl i ers r emode
behavioravi sdualdiiemagicrvg ssutaldibesravamwmd ad. studi es.
completed for auditory behavi caxils stagr ese dtue 4d
thexys represents average study standard error.
5. Mud til evel Model ing and Robust Variance Est
As desabrgweedch dataset wa-l evebd esempgapodl! e
mi xed effect-lsewmolde(-k@inalt-taecBebBdypool ed) mixed
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best capture the variance observed in the dat
our independent variables of interest, robust
significance by includingelaecttdédEme-@elrror es
5. 3Addilt ory Oddball

A comparison of model s of auditory 1imaging
superior to the redRYEd!tmmpadleé e(dp ed .fCREXAG1).z=0he
negligible relationship between neur al respon
thasseissetthere were main effects doifscadg,ani nay o
stimulus type, (ergi madp/MNgawmati ablde) , publ icat
passive) or stamuddufseeetmoMei diryploitthyesi zed t hat vy
autism features would correspond with increas
stimul i (speech sounds, syl l abic oddball s, et
audit orN\2 MMN/enci es and amplitudes described p
a main effect of 1 maging vaTheviedre, ndr isvemiby cl
effects, so no further i ntR&r€aocntdiuocnt eedf.f ect s we
When examining the auditory behavior effect
t hean2d e3vel model s, so -tdeelmomedelarwa sippang lwaids TRh
effect (z=0bnd4yp) arwegalkl rel ationship between |
oddball s and diagnostic group. Al t hough a ma
emerged 4 eomlttimed2lanal ysIiRVEdI( ¢ =Moo Qo/cle v i m@der :
were significant.

Thus, from our anal yses, di fferences in effe

to be rel ated scohuagrparcttiemtnipsetumiltcuss f eat ur es. We b
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may refl ect the extreme popdlfatcinemuhegtdern ag eant

research. |l ndeed, It i's quite common for st uct
above average | anguage abilities and intellige
more | ikely, but whbtht he bobaddmrdesant aithppo uh

in diagnostiicntcrodect ia-6(WA médhr it dhaen DBMy chi atri c A
in d2whBch condensed autistic di-$dSoSdent oAspsi @
di agnosi s of autdmas slpedttaomadissgmdérn cant i n
di agfiRauissel | ,dbtutala. ,sizggh2Ipvcanal l[deefrfeacte $inze.
anal(yRBkdgaard .etWhall e, th20E59 )particular confound
anal ysis, we would be remiss not to acknowl ed
across autism research more broadly.

5.3VvVéds@aal Oddball

For visual EEG effect sizes, the full model
RVEE st idmabeéed effect was negligible (z=0.049).
the prior section. sWdg didddibsaddrdiemivrea tnoari,n peufbfleicc
activity |l eveodon(efakedcnvoersdo zcefa sthbeiesmE)i ngni f i cance
RVE was conducted.

For the studi esnaovidnmotbiedmmasli ogtail mulait awer e us
not conei ocbsedveWwW a trend toward significance
Though the estimate of the pooled effect (z=C
behavi or al performance on visual 9okdidpail ¢ ¢t

than that observed in the auditory behavioral
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The same moder at or s as descri bed Vdhiolvee weer €
observed a maidn secfrfientidn aothardod sl btaype, abehpublbiraa

yearno significant effects were retained afte

significant uthccerel t mo deill s o chiakdibaeglel,or st i mul us t
behavioral variable x age;dbeéhaoi oratavari el
Therefore, as with the auditory analyses, di
are | argely unrelated to participant characte

the interactiadmnscledmvima@aigoes dalbchl 9t i mul us type e
of change detection. However, as mentioned ab:«
conclusions about group EEG differences at thi

di scrimrealtprso elicit the | argest difference

5. Btudy Quality
The mean Selection ol P@Qrar4eéehdndesmparoa et ovaa

3.3 as dWislclriisbnesd) eitnt enle. meam2 Parti ci paadt.28ompar

)

rangep Oompare to aver aWiel lofamk. Yt a s8n g8 @r0i 2b3e
studies explicitly , exwdhliwdhed edwrcceriqsiads ic® y teiszisanm i
(meanNl4663 -7.afndgree Ol argely driven by the Selec
with studies primarily being penalized for I
participamplse fibaetddg yl t e m 36M0 .nfe a(nirtkdn e O

We were shaprisved ew studies excluded syndr
el usion criteria for this). There are a var.i

Syndrome) that have distinctive additional cl
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si ze. Additionally, we found the | ack of age

pediatric samples, and the degree of cognitive
i s st @&ggertihnregse sampl es, mi s mat2c headuladg e o theyn t
overshadow any real group differences.

5. D4 scussion

5. L£Lomparable change detection in auditory and
OQur <chief ftihrmdiengpipe as hdgioi fbiecaauwdidtidrfyremce

change detaactisesm, even when accountindhtier par

our recommendation is to include auditory an
prediction paradi gms, rat her t han as t he S Q
recommendation is in the case of wempanbhgawn

any studies that di reelca M iyo rcad mprae sepdo nnseeusr atl o amc

complexity. Thappmawgaxsdher asdaruah fiul ot her domai
processing differences are amplified as sti mul
|l ndeed, when examining only studies that use
observe | arger efdxaxdpvts sfu@mars behaneowalbl| ef fect
t hat at the | owest | evels of stimulus compl ex
t hat -adt inotni ¢ i ndividual s, but thatmdevokace
both behavioral and neur al di fferences in thi
t hat whi |l e iwdke nfcoeu ntdh anto telve compl exi ty of the
study effect sizes, t here wer e nradlyastiisy, e layn df emx
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i's ndNeded.hel ess, this finding is in |ine witdHt
have shown the magnitude @if owsirtoagnpulduisf fceornepn ceex i
Rel atedly, we explored the relationship betw
we were surprised to find none. l ndeed, i n h
responses are modul ated by s:=smbdemnals erad ed cteh
val ence auditory deviants (e.g., cries) elici
(Kao & Zhang, 2023;primgers <wugamdsti RgP22a9ddi ti ol
negatively <coded auditory stimuli. Addi tiona
enhanced delta and theta power( Boimplbad, eato ale.
which traditionally mayr abneg evineewewdo reks caungimecrt ti
autistic individuals ar-eekelownogmomi exhée bi ancthiac
and network connectivity, mwehiwputlad éemerege.xpec:
From a computational standpoint, an ionfcreasi
weaker environment alPedXdeatnat i& MBurirn &2Wtli2sm Z a
Cruys et al ., 2021; Noel, Lakshminarasi mhan,
Chambon et &ladi BQ1l%pi mnedspsrsepsreencaasttel emse sumabl y
context of oddbanédurpalr arde sgpmEm @ érsestaiockcdh a hge e ar
ot her computati onal theoriesdi ddtadone hétbl alage

comprehensive review of al ternati ve wheyapkoetrh e s ¢

environment al expectations, the opposite may
excesstvehgectati ons, which may result i1 n inal
an environment al schema, resulting in a sl owr

stimulus repeats to-reliatied ERFsSactOerhibgtoiacd kcophu
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atypical prediction ability or changes to how
other. While discussion of these alternative
worth noting.

While we fodiedelnoewitdedlyce to-relbppedt hgpgth
exploration of change detection may reveal s e
every individual i'sS subject st ot htahteima yo wne asde ntsc
errors. I n this way, it may be beneficial t a
prevalence across autistic individual s.

Il n sum, our results show that uni sensory o
meani ngfull ewagliéeigroapsat ml east at the | owest

Further mor e, within and between stimulus typ:e

=)

egative effect sizes repréesgnbedrFoas ewalnlpl &s
auditory oddball speech and complex tone para
standard deviationti silzar der btohdan cmpeelse d aemfdf e
directions. Thus, it is unclear what neur al n
any. The visual domain is even more puzzling,

or range.

| sensory tpreldyfdteicared in auti sm, as suggest
described above, it seems that extant oddball
oddbal l paradi gms arcr sfudif hpdideenftsl p/r eidpir cetdii acnt aibi

do notThaepspel ymodel s do frequently examine envi |

natur al i staire otfitmwnl deasrcd i bed i n terms of conc
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t han Itewveel of stimulus feaswcoclsdodalos, apepl maty o

stimuli memnetigit heesti mugypeechanrfiases

FigberBf fect sizes and stimulus complexity

g‘ Tones Complex Tones Speech

%’ -0.15+/-0.74 -0.59 +/- 0.68 0.52 +/-2.68

3: [-1.70, 2.86] [-1.70, 0.14] [-1.37,13.93]

] Shapes Cartoons Letters Faces

©

2 Checge;:mrd 0.68+/-0.55 0.20+/-198 -0.18+/-0.64 -0.18+/-0.64

> ) [0,1.29] [-1.70,13.93] [-1.00, 0.55] [-1.00, 0.55]

Complexity >

Figure&achematic illustrating range of auditory
stimulus type, all average effect sizes for st
N effect size st anrdarad gke wihaotwino rb.e |l Bbfwf eécnt bsriac k e

We recommend that oddball studies in the aut

paradigms examining either change detection o
exampl e, a visual oddbal I p amud duisg nmauws ibneg paa i srie
masked motion paradigm using the same stimul u:
I n contrast, auditory and visual oddball par at
of stimulus coempdametimedi widuioaln, tdhr even pair
cursory search shows no use of audiovisual odc
significant and more meaningf ul resul tsalthat

speech oddball)
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5. Dizersity in autism must be characterized
't is also I mportant t o notdeantdh aitn doepepdo s iinng nf
domains of amayseaml sesbarchl ated to participan

problem in the field thangist acsosaryhei pohipalblat

the primary reason for this is the expansive
spectrum diagnosi s. Further mor e, because aut
significant c¢haovnggdouhatanoaacdi stic individual

characterize the degree odmacnlyi na wtail s nprfeesatnura
Aoutgrowno or change in their presentation as:s
research heavily depends-sopp@ratrti ndpat doal Dy
individual s withiofiteh soppoadi nqheetiodar avith

drastic-akepyesadeed.

The studi es i nacnlauldyesdi si nr atnhkiesd npeotoar | y accor di
|l argely in part due to |l ack of age and | Q mat ¢
as |l ack of syndromic autisemaeclé¢éusionrsaevhvee

chall enge of mat ching children Bywoageugtoopd,]
paradmgme rigorouss$mr assdh &cedi t ioortal | vy, whil e
autism researchssheubfl dbgndoomi cnabui sm, it i
simply did not specify the syndromes included
effort should be made t o duandderisn awrdd aleuvws ttaupt e S

toget heat her than declaring research results
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5.4.i3ni tations

As noted above, there was a dearth of visua
draw more robust conclusions about the nature
of these studies did not h aavi el apbd ret, i cniopra ndti dc hna
respond to requests for information upon i nqu

whet her there is a significant relatiooaship b
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CHAPTER 6

6.1Atroducti on

Il n 2024, the United States House of Repr ese
CARES (Acautti sm CARES Act wohfi chQ24,f 220ppd&)oved by
reauthorize extant nati onal autism research |
individuals more significantly affected by th

t hat f ut urdee arveosresariiddlr e | ect] the entire popul a

di sorder , Il ncludi ngctchuo s e nignaioniddu alosrswiatnld ¢ d
supports and serviceso. This shiéspecdtowamdcl es
highlights the historical |l ack of representat
Autism is a neurodevel opment al condition th

i mpair ment (SCl1) and patterns of restricted

(American Psychiatrilo Assodci @amnmi,oma,l]l t20H53) ons i

function are seen in many with auti sm. One o
heterogeneity, with there being marked differ e
from viinddu a | to individual. Al though readily ac
from a research perspective in that the full
sampl es. For instance, whi | eauitti sitg ce dtnidmati eldi
comorbid intell@entwuals di crabbDil ségsé€¢ | Qo nat-rnoelt aan
analysis of all autism research published in
participants with I D, with the majority of st
(Russell .etTheael ssam20 i®)it e found that only 2% of

minimally wverBiRiusgre(nomrpt dakpj t201taer fact t ha
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30% of autistic individuals ar eSccharedifcear eed rmad
for a receMughesvietwoalsz,er2a@2dtysmeda Thus, res

of autism research is I|likely to be poorly gen

6. Thke Current Study

Il n the area of multisensory integration ( MSI
how autistic individuals integrate stimuli ac
capacity is observed acr osds pvaaraidougsmsmo(dea lgi.t,y
i I | uGasocni;o et al ., 20,1 2Mc @uarl k gaindiregette t(admrle. g 2 0220
metaamal ysi s) , etc. ). Further more, the relatiol

and the core dfnemantedryes S@fli sauwtcil RBRBIBe UthemahedCass
et al ., 2020; Fel dman, Conrad, . etHowéever ,20@0R1
mul ti sensory studies carried out wi t hstaaupg i st i
paradigms, verbal instructions or-ssttmdlitpo &h

with higher support needs.

We believe that our understanding of MSI i n
bias exhibited thus far. Furthermore, we beli
work, but extend to all sensergl rieseautcihsandC

this review seeks to draw attention to dispa
extension to that work in autism that has f ai
To that end, wenatcomducectveed wa osyat | studi es exa
autism to date and we provide descriptive an

guestionsf owedr.e Rihrrsete, we asked how well extant
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of the autism population. Second, we wanted t
being used these studies, and how there may b
autistic individuals with comorpadi h®. oFi malhle
uncover any disparities in publication prest:.
studies wusi ng -ssutprpiocrttl yi nvdeirvbiadu allsow el ati ve to

participants.

Fundamentally, our goal i n writing this pape
are due for overhaul, not only in accordance
of i ncreasing scientific aomrdosmedtilhceal aytuissm ce®

ulti mately,dtiovemovugegesttans for achieving t|l

6.Met hods

6. Publication Search

PubMed was searched on 6 September 2024 wusir

(mul tisensory). Requirements to be included i
T Empirical research examining multisensory
(i .e., no reviewsanadomment aries, or met a

T Experi ment al paradigm must require the wuse
T Clinical group must have an autism diagnos
f Human research (i.e., no ani mal or comput a
T Avail able in English through open or crede
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I ni ti al screenings for eligibility were cond:!
abstract revi ew; the first aut hor |tnh erc coa rfainrc

with Preferred Reporting | tlenmnesl yisoers S(yPBRIeSMA)I ¢

6. Da2a Extraction

As discussed above, there were three chief
first concerned the quality of clinical repr e
age, sex breakdown, cl ini cfal Icahnagruaacgtee ra kzialtii toyn
comorbidities, and medication use. We also wa
MSI ability in autism has been built; specifi
being used t o semw,alaunadt ewhMeSIIh eirn eaxupteir i ment al des
autistic individuals with fewer functional S u
research, and described the sens@Esiympmoeda( €1t q
fl ash/ beep)s,occioamhp |l(eex. gnnon naturalistic ,olbdjypet s)
of task (e.g., detection, discrimination, etc
interest. We also noted gwheagt, hery es tt rdiceks nign c lawnt
mi xed reality. Finally, were interested in wh
abilities garnered as much attention as | ess

t he mostr srieomemmtf Mehe Diagnostic and Statistica

noted the year of publicati on, the number of
Schol ar, and the 2023 i mpact factaodrucdfedt henipgu
variable extraction, and the second, third, |
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veri fiedoadahly dasicaklpasici es were noted and rev

rel evant aut hors or | ab member.

6. Bt&atistical Pl an
OQur primary objectivetwas stocpr abiodée dédecTIs
then compare these variables by either study

(e.g., average), verbal Il Q (VI Q) category, an:

6 . RBesul ts

6. Publication Search and Data Extraction

As of 6 September 2024, the initial search

meeting all i nclusi on TahStae;r i6d) cc.0B G MasN="=tBU dif e 4
were coded twice, when 2 autism groups were ¢
These studies were included only once in anal
par ameters, but participaetechaepaesentetdi as a

points. Codingthelrisalvialsi 98 . ®@d8%g au

6. T aanpl e Size and Participant Characteristics

The overall mean sample size was 28N46. 34;
basic research study that comprised data from
di fferent bet ween study types (tpe<rOv. eON0Otli)o, n wsi tt

(N=10N13.02) being significant!| yN=s2n2aN4 %.r5 7t)h.a nWh
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many findings may have been significant and
according to standard statistical methods, it
extracted f roowhetnhesveal utad dings m g olpaitl @art 0 @gern envd u ¢
proddrle unli kely to provide us with a compl ete

the autism spectrum.

Fi g6trRRecord Screeining Schematic

Identification of Studies Via Databases

Records Identified from PubMed
6 September 2024

Total: 299

Identification

Records Excluded:
* Review/meta-

analysis: 54
* Not multisensory:
Records Screened: 70

299 Not autism: 57

Animal/
computational
research: 15
Not available
through open or
credentialed
access: 1

Screening

L

Studies Included in
Review:
102

Included

Fi gurRRIBSMA Record Screening Sche
screening records for study i ncl
September, 2024, 102 records met
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-

Mean age for the total sample was 17.18N9

ocu

i so

ese

i st

sed on children, adol escent s, and young
rder, it does follow that chigledr émramcatyo!l
arch. However, we were surprised to find
ribution between intervention studies and

above awemrageé alr Q edfy acdourhptrsiesaemdi & ¢ e whfe r&etaus® iNds 1 9

reporting average (13N5. &2y eorcom@l o gria@e2erf agd i
|l f,t indicating that it may be more difficuldt
chal | Wendess. f ound that studies that used the /
characterization is | imitratHher-Sitabbamdaead gdil d&dre
eval yaweren more |likelfnmean=-2a@edhithlasmdudli s wi t
partiecpdmhsg he moder amearcd h4exfd. Iribhoaste d(ii d no
provide clini ¢cmbasdegBiFNg29¢cdhmgeddMany participe
both in the above average |1 Q group and the

108. 74N11.43 for individuals scored on the AC
Taken together, it seemsniansg tnhuol utg hs eanustoirsym fsutnw
al most exclusidvelyuahsgetiitimg nior mal to high |
although chil dhood studies are more diverse.

®)

The mean percent of male participants was .

et ween sWeodys dawmpeg.ni ficant negative -c.ok2x,el at

<0.

ver

P0Ga3 , whi ch may refl ect changes in clinic

ti me, di mini shed sex differences with ag
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Figeér® stribution of Mean

Mean Sample Age
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above cutoff

Age

Mean Sample Age
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g E severe }7 —|
o = moderate
above average o o
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mild
5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45
Age Age
Figurlki s6t.r2i buti on of mean age according to disc
severity (right).
Fi g6tRBel ati onship Between Sex Breakdown ¢
Percent Male by Age
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v
‘o
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-
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@
5 10 15 20 25 30 35 40 45
Mean Age (Years)
Figur&®e@r 8ssi on pl ot illustrating a sic¢
p<0.001) between mean sample age and sam
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We were also interested in examining the

sampl e was 104. 79N9. 83, with 47.83% 86, stud
mean=73. 09N5. 4) . When we <categorized 1 Q as a
average, oOor above average, adhtahdi mgjstmidhhgses

(63. 48 %) recruited salnip5l)e s whietrhe asv eorna gye 4l.(@Bs5 %
with -beémage | Qs (<85). An additioawaér g8 3PQs

(>115), and the remaining 24a.9g35 % Q fo fs ttuhdei essa nip

We found that for both intervention studie
the Aaverageoilt&i g4 N)BAB(B368. 0f8bntervention s
|l Q included individuals in the average range,
and 11. 1% above average | Q. Despite the fact
auti sm piospudsattiimant ed to have a comorbid intel
popul ation i ®rdreamatsieandaleldy imndnul ti sensory res

Furthermore, when examining the HFiQ§4sBt,andar
Dbwhi ch can provide more insight i ntdwd he sp

observed that 48.56% of studies reported st al
deviation of the normed metrics. eSomd dQuUMteesd
autism point to even | ar@leemesnttasn deatr dald.e,vi 2Q 2 (
Courchegnand2w23 suggest that i f including I Q

aim for a wider range of | Qs.
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Figé6r® stribution of VIQ Means and Stan
A VIQ Mean B VIQ Standard Deviation
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Fi gurDei s6t.r5 buti on of VI Q Means and Stan:
and B. VI Q standard deviations. Bounda
vertical l'ines on Figure 6. 4A; st andaerd
with a blue vertical line on Figure6. ¢
The majority of studies (62.61%) did not r
did report VI Q, mo st recruited sampl es- with

average VI Q, and ondwerQadggei ghldA@Apdi t e 68BeEDHE™W of
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studies report a standard deviation above 15
2qFi g5 B However, only 36.52% of studies incl uct
remains unclear how verbal ability might be r

autism popul ation.

6. B tady Design
6. 3Parflici pant Characterizati on

The sample of papers described here was <cor
than intervent.Ovaratbudisesufilds 8po) edomi nantl y
features wi t h the ADOS in participants wi t h
di sproportionately failed to report use of a
resedruahFe spo6) (. Given that t he mean reported

99.69N15. 71, we can i nffedi dshaar eatutlielaiszi nsgo mec

support needs, but it is unclear to what degr
support are represented in intervention studi
6. 3EcRPusion Criteria

Regarding exclusion criteria, we were inte
various comorbidities, particdadlagd yt gremed i Y s
autdasmd epil epsy. It has becomeatcHiecadrautthiastm sy
with no cl e®drargeredtiiod ogauoaéely distinct: whi |

identifiable genetic or chromosomalbr abams m&l i
Geschwi fdo,r 2008 vi ew) , idiopathic autism | i kel

bet ween multiple geneti c Wearo basnetrsv eadn dt heantv i tr hoen
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Figure 6.6 Cumul ative Distribution of C
Cumulative Percent (intervention research)

- 100%

- 80%

- B0%%

- 40%

- 20%

Clinical Measure

FigurkRaréetéo pl ot il lustrating cumul ati v«
used in intervention studies.

studies (64.35%) did not specify whether or |

seems unlikely that syndromic autism was i ncl
el sewhere in any of t hese pappleircsi.t | A textcdludef
participants with genetic comorbidities, and
However, this single study was a case study o
Il i mited in what iotr yr epweoacless sa bnogu ti nmuslytnidsreomsi ¢ a
reviewkmanji ,etepall.e,ps01%) al so a common <como

about 12. 1-%0 %y anfet he8 auti sm popul ati on, yet

explicitly excluded history of seizures. The

131



although none of these studies indicated that
of seizures, suggestive of no representiamti on
autitemdat e.

We also accounted for inclusion of partici
studies explicitly excluded medication use an
the remaining 93.91% of st udli.esWHhiilde nwd weree i
in the dif ftermpefsc medii mattihoens used, we were un
di fferences among tneadisctaddioms utskea td uieM=c4lpu. dsenda |
However, we did note that al | 4 of these st
individual s with NMV3er aogre alb@lvden daWaeWeargaeg e (

6. 3SB8i Bhuli, Sensory Modalities and Responses

Next, we compared the use of different sen:
of studies used auditory (85.22%) and/ or Vvi sl
tactile stimuli. Only 7.83% dff asttwdiyéd gussad ok
and 5.22% used vestibular stimuli, i ndicatinc
popul ar focus of thweriedantsiof ided frapents di Bhen &
by st udywhteyrpeei m irretséia@écrhh) e(futt mobmmoddr / ki nest het
ol factory/ gustatory stiFm@Lirkompadieelst o basic

The studi esdrsamgpteadalulayetdi ve (92.17%), than

antlienaj ority of paradigm response types were ¢

(11. 3%) . The remai ning response types compr
spontaneous behavior (6. 09 %), foll owiuntgpuitnstr
(e.g., yoga poses, 2. 61%) , signfoamdutigat (le 3
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type differedabg bQt hSpeaidiyi ¢t P38 A whiighatr lga $ iy c
relied on key and button presses toFec&PAuUure p
| ef tused a more diverse set oafs mMepwcrde ttoy pve
responses, instruction following, and measur
observed that studies that recrui treed npoasrtt iocfitpe
key pFe@g&Rs) dfwhegteladi es recruiting participan

pointing as a res@Faog8B mMeghobd more often (

6. 31 Bhadgi ng

The majority of studies did not include an:
of studies included EEG, 7.83% included MRI,
di stribution of sdi miill @a:s hccdmmplpexfiatcec/i(vad.i:.g . e,, et

these imaging procedures.

6. Jodurnal Statistics

Journal of Autism and Devel opment al Di sord
held the most publications of the studies rev
38.8% of studies descri bege diefriec nwjea ded instauil bemi atlA e
were published in journals dedicated to neuro
were published in journals broadly related to

journals relatedFt@9other subject matter (

134



Fi gu9Rubb6l.i shing Journal s

Publications in Journals
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Child Psychiatry & Human Devt

) +ADD
Research in Devt Disabi itElgg
Social Neuro 4

Exp Brain Research 4

: Autism Research 1
Frontiers in Integrative Neuro 4
PloS One

ism
Neuropsychologia 1
Cerebral Corfex

Perception

Journal of Neuroscience 4

Sci Reports 1

Journal of Exp Child Psych 1
Autism Research & Treatm’ﬂwst 1

Frontiers in Neuro

Molecular Autism
Intnti Journal of Yoga
Psych Med -

Journal

Devt Neu);'opsych 1
Human Brain Mapping 1

|
|
|
I
|
|
|
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]
Euro Journal of Neuro -
Jourhal of £xp Beych ;_|
Multisensory Research 1
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|

Frontiers in Psych

_ Devt ngch 1
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Bio Psychiatry -

eLife

Brain & Devt
HERD
Brain Sci
Ear & Hearing
Comm Bio

uarterly Journal of Exp Psyc
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jourr¥a| oftalimcal Med

Study Type
[ intervention
=3 basic

T T T T T

8 10 12 14 16
Count

-
o

Figure St6a.cok ed hi stogram ustrating di stri

il
intervention/therapeutic studies; orange: basi

6. ExPloratory Analyses

Gi ven tthiemélriormel of st udinetse rceosltleedc tiend ,h owe twh
of the&s (BBMri can Psychi atirn c2 AsBolci abhdenseedl
di sorder, Asper ge rNdGS siymtdor oanes i mqul aPPDDdi agnos
di sdamdegrht have affected participant character
an autism prevadeats oh L1henU69%teddiStiates, wh
estimated at 1 in 59, with that p r Gevratl eernsc ef ogr

Di sease Control .anGi vwenr vtemati otnhe 2a0WRt2i))sm spectt
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is much broader than before, we expected to f
after 2013. To exgpmpaiesd hi suhiyprons hesisl inical
exclusion criteri a, modal i ties, stimul us comp
ver suz0phd»shg Walulsimbdbati ngenTlyetesns di fference
prand -2M0k3 stlu@Qies VINQ distribution, al t hough
studlparsticularly those redeédtehi dgdi moer vyemptoir
support needs, or the studies qualitatiwnwely d
di fferenwomd itmet excduuesi on criteria, sensory mo
di d, howdvéfer €hdads crmienaXé=u2re s3 4/, p=0.002) and
(X=25.09, up=e@spet)fically, older studies dispr
a standardized metric Xdroersi dluiard i=dtaalh do lpasroaudtelr)
occurring after 2013 usedXsieghBua®dyape0adDod)
Finally, we sought to understand whether t
i nterest on pubQiivceant itohnatp rneuscthi goef mul t i sensor

on basic reseappohmtwinttledsowndi vi dual s oas desci

post édiyipotvihagdgsshias i ntervention studies and studi
would fewerveitations or be publishedciomsg oal
comparisons, therdi wWwahsesraeaowmcasiigmi f heanumbar of
KrusWadll i s t eastmai evedlfedoommdi necdacnti cfadct or (p=0

which participants score above the autism cut
published i n journals with significantly higt
(pP=0.03nmissRgd2 AML . 2BovexcBe@®iNdn 68) . There were n

pairwise comparisons.
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6.4 scussion

6. Research Largely Characterizes Multisensory
Autistics

The results demonstrate a clear trend i n m
young adults with | ow support needs (LSN) mak
age, we found that ol der adulatrs hwesrtel dd cemnsp leevtad |
with a maxi mum mean sample age of 44.9. This
described as a neurodevel opment al di sorder,
understanding theryr faptelcrtcdouwgghfomf.t mul t i senso
Autism is a |ifelong condition, with featur
Wai z#Bard ov & Miolrl ear ,r ev@23w) . Aging in autism i

ri sk for a number of ot her conditions that a

(Croen et al., 20ITBep Hano#d ef ahc|)] u202@)of ol de¢
not only I imits the potenti al for empiadtisoal |y
obfuscates our understanding of autism as it
bet ween sensory atypicalities and clinical pr

in both sensorfrylfau readt incesuarsor dagadredly sdiusnct i on.

Additionally, our research revealed a signif
andarbove average | Q, pointing t@wcaumsiigmg fii ctaalt
disability, which is known to affect about a t

of the studies explicitlnygsenaprleo ywa dd easnp rleC dc uitno f

A 2009  nnaeltyas i s -roefp ocratreedgisveersory function in au
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studies identified includeld Ip@ari8@ cspamdar dvi d é&
bel ow 4q\WBeSmmasgseon et &li.mil a009) a | iterature r
evaluation of sensory function in autism rese:
18.18% included-oicmdirvi cdhgalisntwiltkRcctaoaal di sabi l
norteport 1 Q mentioned excl usi onl DufBoii rst eltl| eact.u,:
Thus, our finding that the vasotn hmajnoarli-lttQo ohfi gnt
individuals is concordant with prior resear cl
cognitive profiles in sensory research more b
From these results we have two key recommend
aim to design multisensory studies with consi
the trajectory of mul ti seescoyr agadti Gonctvi die
all ow researchers not only to understand how

al so how acquiredrdd&i |l insl i i mpamcdormhy glhhrreocessing

soci al touch,e ette. somé nde edenttidoenfarlo nr ecsreoasrsc h
autistics, mul ti sensory function beg@Gmesseoetk
al ., 202 2; Foxeo wetveal . t h20d®)V el opment al traje
|l i kely to differ in HSN autistic individual s.
Second, researchers should make an effort t
their studies I bhhemséalkpotcg Gbreatutteirs nt.a pFtourr ei nst an

individual s are kno(whi cthol eex heinldi asnegudmr 220 1IRAR Bls e h a

(Rattaz et whlich 2n&@dy5)speak to differences in
profiles in the case of repetitive motor moverlt
and echol ali a.
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6. £f2 ects of Common Comorbidities on Multisen

As noted in the results, there was a notahb
genetic disorders and epilepsy, both of which
what proportion of autisticyndardomesgduébksg.ar eF
syndrdm&)ely due to thedobme r2 @h% am@Rsigcsehnaertdisc ette
201f500und that the rates of autism in a number
229gl1l1.2 deletion syndromeSéepbzuwmpe tadi Hdryd eirns Raer
prevalent among auth ettwaSebntn dis wiedeu a fFasl r. , a a2mdglit2m g
anal ysi s) .

Despite this high prevalence of genetic c¢

autism popul ation, sensory profiles and mul't
unknown. These is some evidence nsarty tpresfei Ipeg
autism. In Fragile X syndrome (FXS), perhaps t
with autism, signifiresmptonsenddt gemeontstafmuhiypa

Nekl yudova), ewiah. pa0R2ul ar diffHealld i ets aln. t
Indi vi dual s with botah shX$ anod ea wetnidom sfeenetnur ed
di fficulties than (ikKidliavcizd ueatl wsh iwc it htn@F¥P8S rad iocnaet e
sensory difficulties iB8ensdryi tieatsrestebfab&bh"
poorly <characterized, al-tamau ghhy ptolseermes i it $ vevid:

sensory (MmM®utadri tete sanld. ,d e Cazydejde laautdd d (o oys tevteind n s e

al .,. 2023)
Taken toget her, trieilsatewergweinew i cof sawntdirsome s
overl|l apping sensory profiles with auti sm, par

139



studi eesnsheswenrt evidence of atypical behavior
which may suggest common pathways altered acr

Howevtvdi s reseaamibdetiteriwiomistdgdhiespgai petdent i al me

medi asteins@ry pr oicfesssymdgyr caamiid iawti sm i s not excl

Similarly, epil epsy and seizure exchesien
understanding of t he neur al mechani sms dri vi
behaviors in the autism populati on. Speci fica

Canitano & Parumbiwmévi@av)posit st bat abanactriesanstehds

excitatory or decreased inhibdmay ybecoewnwegngt be@
understood and evaluated i f autistic individu
research. For instance, both pediatric epil eps:s

trajectory and ceh ammagtetse ri nc ogmpaoys iatnido v htalt kkeanoagh o u
20f»r a Irreoliwdilng autisticmandpvodiudé sswghihf ie

into cellular and network pathologies common

6. £&eX Differences in Multisensory Function Ar

The percentage of males across studies eva
t he 4: 1 di(avaneonsntei’c] trdaddt2egsh t he tr ue ,i nrcda dearceeh &
often seek to match r edraui temefratlr.tao 2t@&lidse wl)i.s tRe
have proposed two primary explanations to acoc
protective effect,hk " which suggests that cert

|l i kel i hood of (dReovwdlnspinngeta hadi.ssme c200nld3)hi ghl i gh

current diagnostic tool s, wh-ceht ar e pLeaang bests n @
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al ., fa@aola review). This male bias may resul't

phenotypical present,atiinocnl uodfi nagu tiins nd oonfati enns doiff
For instance, {RRBIg &ndtbeir estrigtedanteests maywnetifall under

the typical exemplars (sé2° | t e et al ., 2606R3retmaewsejendaoFe malRé

utilize social masking and imitation to achieve better social communication outcom&s°(ded e

et al ., 2023, orLaievetewsl) . , A2@Gind i fousdithiati 78.8% ofa 2 0 1 3

reports discussing sex in autism support differences in SCI, language, and RRBI presentation

(Kirkovski . Ad desaribed,prevdusly, 3MSI functidrparticularly audiovisual

functiond is known to correlate with severity of both SCI and RRBIs. Therefore, it is highly likely

that males and females willffer in theirMSI abilities.We suggest that because of the evidence

of sex differences in autisfnmost notably, improved social communication abilities in fendales

multisensory research using soehotional or linguistic stimuli should aim to recruit females

and include sex as a pat&l moderating variable in anales.

6. Mud ti sensory Study Design Should Be Accessi

We were pleased to see that there was a wi

with | ower | Q samples and in intervention st uc
more than LSN autistics. Smdad il fiizeal |pgi ntth engye
instructions, and eye gaze or pupillometry as
accessible to individuals with mini mal or no

Accommodating HSN individuals may require
nowner bal communication (e.g., augmentative an

flexible study designs that acknrowd.ediger diifddte
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i mmer sive virtual reality using eye and body
may be an avenue for i ncluding mor et rH&Ed\k ianugt i
met hods such as preferentialveghakt magpersee
pressing in minimally communicative individua
Preferential eye tracking has successfully be
Syndrome, Down Syndmomeme S8ondzeragahe . e 394161 e
trackismgni¢camly be applied as respondermddaoisree
who struggle with fine motor movements of the

Considerations for neuroi maging methods 1in

Barriers to neuroimaging may occur due to sc¢

controlling f orAlmdweungehn te xa rsttiifnagc tlsi.t er ature o
coll ectivem biah m@moami stics often advobases Ttapst
(Ta-Beusberg et al ., ,2GhTdwwenketgspbtaht | aRD¥5)Mo
are not necessaril yrya ccaopnsf omdywbbédumoilt dhteit aus@r

conductive gel causes (@ormaamnadoiua kel IniatFyMRIl 2 8r2 @ s
autistics face similar barriers to research p
individuals with a@uStiiteeglyerhy& eBasleadwWwhi2PdROGxrs
reduce f MRI ndimag by aver efzrdabl e alternative
i s not onl vy more conducive to thosesugth a
opportunities for more r el(iDeabrees taaundii teotr yaland 2
Stillness during imaging tasks is also important, as excessive motion can produce
significant artifacts in signals that are easy to confound with neural signals. Mobile EEG 8ystems

which allow participants to move untethered to an external com(itatnadou et al., 2022; Lau
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Zhu et al., 2019; Niso et al., 2083Jnay be better alternatives to traditional EEG setups. Similar
motion artifacts are present in fMRI studies in highly moving populations. Prospective motion
correction(Maclaren et al., 2013; Maziero et al., 2020R method of fMRI data cleaning that
aims to reduce this data loss, and may be worth exploring in order to include more HSN autistics

with significant RRBIs in research.

6. Mi®mi mal Mul ti sensory I ntervention Research

OQur final t houghts concern the apparent di
participants in basic research studies and th
for information about mul t iduwealsso,r yi tr ewsaesarcclhe ar
of MSI differences in autism cannot be gener al
of audiovisual tempor al processing in autism
from controtbkis bwork haas in all cases -been

functioning children with ASD, and although m
| owerncti oni ng andl RionAv. e rStael v egnrsodnpreedt aal y, ao0i
sensory desehemendnd sethoerted guestionnaires
psychophysical experi mentts ouinchagihmg, tdr diajec
focused on LSN (abuBoasits ceti nadli.v,i d2uGall 7s)

On the one hand, the exponenti al growt h i

promising for better understanding the condit]

interventions, we wonder whet hrecrh whsatt rhdarss Ibaetea
broader aut.i sini ptohpeu ltaatrigoent s of mul ti sé@éwlBory i n
make up a |l arge proporti ondtohferteh e ss tpuedryh aspasmpll
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i mpr ovement i n MSI and r e liaStNe da ubffehhsavi i @bsr.sad r eopuat

complicates the ability to accurately inform
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CHAPTER 7

Gener al Di scussi on

7.1 Auti snNoFfteabuaBsedi st AwdimpyViesual Spati al
Abil ity

The findings discussed throughout t his wao
audi ovi sual ( AV) spati al i ntegration ability
individual endor sement dobfutf emdtur @ suctltussamtv ed rtteoi

i mportant to consider that autism is a spectr

a wide range of features, including sensory
di fficulties, and moyongchélferygpga®veAmmegoon et
youdve met one person with autism. o0 That i s

sufficient t o under stand t he speci fic chal |
Furthermore,canl|l cemtdaivinldwaéshi bit a range of
without meeting criteria for any disorder.
Therefore, while we were surprised to find
spatial acuity or visual bias, our explorator’
predictive of both these outcgmeumea3hresfrirad.
framewor k for moving forward in future resea
communication features were stronClayptteh &t ed
increased social emtmmu$Cic)atwouwml d mpeairel ated t

attenuated visual bi as, in I'ine witRhelcdmph e et
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al . | 2018; Fel dman, Conr ad, et al . | 202 2; R.

Furthermore, AV spatial i ntegration supports
in noisy environments, predicting upcoming Sp:¢
nolmnmi nguistic (e.g., p aixrpirnegs sfi aome amdnmuaii cat é

suggest that the relationship observed betweer
here may dcer sdaveemgelmow distinctidef di Bgnas i im
themsel ves agdmueg esoci al in n

We al so observed a relationship between se
of interest, which i s a-gaanidn husmssquo pgii wii thyy . a iPa t
described in autism (e.Barsompal&r€artdewiracteé
2018i mpaired di st®aldDedvs diosengadgemerRtOl@;c.dhand
the case of this studatyt emieyopreopose méah amrsienm
individualnstdiefifrempedf or mance. I nterestingly,
( ADHD), which is commonly comorbid with autis

to autistic individual s,-ainndc lyegig@nbgy setnod osrtsienmuel ni

sensory seeking behaviors, par t{Becygll anilgywa iem @k
Del glaadllbet e et al ., 2020; Grinblat & Rosenbl um,
Rani et. aWhil @0@®8)are unaware of research spec
in ADHD, there is wel/ documented evidence of
vi suospati al construction, vi suNemoattoir etto manls.f,o
a recent review). Severity of inattention is

i mpai r(nmeearut s& Chiahgte?2@s8) ngly, chil dren with

di stractor i nhi bition showed decreased tot al [

146



in visuospatial memory,( Mimomrga od th €& le .o ju nd @ In@& A mMi
the similarities between ADHD and autism in ¢
suggest that patatnedr nislemogiro rsinwiotry ray obe r el at e
to irrelevant e x onhenoeust hset icnounlniejch g-|oen® pboentsw eve nt
and spatial i ntegration remains poorly unders
not wunique to aut-ilsympeosAlotnhsoiuvgiht yt hper ohfyipleer i s n«
tdn context iof calonpopul ati ons, it i's reasonab
increased di stractibility ordctemdematyy t deai
ot hedmageexperience enh-aacgdt petcempmeobnof haeo

Finally, our analyses revealed a relations
performance. We propose that the individual s
as si @dnacftiiclaentand body plesi tainadn mont odasseismdp,h sk
related to the concepR)$.o0nAsofde@Glkap theerdsPasnail s stph

actionable space around the body formed by th

wel | as motor actihamns pelrff orsnawebkl ohnomwht i sens
stimul.i are presented within PPS or at it s b
(Canzoner. et al., 2012; Gherri et al., 2022;
et al ., 2016, Noel , Serino,PRS$ iad . al 2® 18I, e Sial
environment al context. For instance, PPS cont
with toolLegrse&nd sete al ., 2007; fMacalews ®ew&) .MaA

individuals typically exhibi tAssamhd | etr &IP.S,, 2v
Gessarol i et al .;, ®RVHaeB;, eMbblrep 26Y7e®@DP19showi

flexibly adapting RPE&da oetcoalt ext2@25f aCaondisn i
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al ., 2013; Nogdecditnialdtpra2la.2l ex0 2Mag s ad ¢ heaig he ts

2021 Although our stimuli were | ocated well oL
it i's possible that flexible recalibration t
i mproved performance. Howe v erd, tnausckh poefr ftohremarnec

the bounds of PPS use response time as a metr.i
aim to either compare response times in a spa

from the obsexrpvlear,e otrhe hroaulladt i onshi p between r

of PPS size and flexibility.
It should also be noted that while we sepa
di stinct categories, they are al/l highly inte

reports of violations of otgh esresvée rRRSY iod &LCd o
(Kennedy & AdoXLmpddi, n@0odamemdr.t t hat among auti
either high or | ow SCI features, only those \
comparabl e -atud i shecr peens. Further mor e, i n au

anxiety isedightyn ¢bePeasl zte otff @i ReOdL,5)t hese

point to a direct Iink between the size and pe
social function seemsr dopdresirweil tay .e dA troe cseemts osrty
rel ationshilpi nbieccaMe elne vseulbsc o f soci al anxiety a

medi ated by sgrKesrhyavaenmsi& iBsimdyai lapuadurs,m, 2 0t 2hSe)
evidence thaandengppyddypieell as sensdare seek
directly correlate@dFal dman,anQasgied®jo,ut@to mak, , w

unable to ascertain directionality of these r
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sweeping interaction between soci al communi ca

spati al integration ability.

7.2 The Rel ati oDewnpC®8ret weltna@dMdpAuti sm Featur g

The most robust evidence of neur-aubtidsfifer
controls was observed in the patternsondfy t he
condition. Specifically, rehat hee aldeierseegaugeenst yp r

ower over the course of the trial -wWiehuewocyl

O T

ands. Thi s finding suggestrsanglkeatconherce¢ i wmiaty)
feedforward and f eedbackal mescphaatniiaslmsp rgouci edsi snign ge

oamutistic control gr ofumpe gstheorweeyd ian cpraetatseersn ionf

=)

100dnsi kely reflecting recruitment of n&uron p
foll owed by anpedk eitra tbhaen ddse 1f2r@0mm sa, p pmhoi xci hmamee i
as an incrtreaeage ctconhengi vity maetdeeae mrsarss orFyurd

topographyutnsthe womtrols shows a dR6éndsi,nct a

which was not observed in the autistic group.
during tdiel gudiondi yi on seems to indicate a |
| mportantly, dorsol ater ali adred amodigalot fthreaon tf ailn c
spatial integration, and have been shown to e:
(s€eurchesne & oRi ea creg v i2e0wW)5. |t may be that t
audi tory spati al i nformati on i s compr omi sed

performance was comparable between groups, I

al ter reathiand simms f or determining auditory spat.i
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exploratory an@hyptesrmdiwnc coged tiirve functions
AV spati al processing are |ikely to be relate
social communication ability, sensory respons
Rel ationship betweedwBuskhepepdodategqotdoopt i
of incoming sensory informaamdnawwoi sarht fee attihree
support for this hypothesis. Fiksitlh (@Bashdmbaer/
Conrad, etpalbprid2e2fMwle dtr,idétn dhla@disSi goWawdsai o n

et al hav20b4)en shown to correlate with overa

ndi vi duallsi nwictaHh sawht i sm tr ai-htasnd siglPakspear et i &
201a8B8nd thaeayMgl li(¢@huosuiionnar do veheradi.n 12i0Mneds) wi t h o
arrow heads are perceived as | omger ctolrare|tah cesde

tot al autism featur es ,-boaunndc es uislcleupstiiobni liist yc otror e

magi nati oncoaimd nisoati igdhagakeihli i t&8i e Bli ddadkdai ,t i 2@ a0

susceptibility to the McGurk illusion 1is p

)

Fel dman, Conr ad,d datncale.a,s e2d0 222)r cepti on of pro

D

mpat hy scarMus ien .adtnitsel2@$®) ngly, total autis

social -samdahoml!l | usi ons, and both multisensory

—

he-dbowp mechani sms governing drlatuhseront hpaerr cetpi

speciaft uwepdsaey a strong role in the emergence of

l 1l usi on research using EEG and neuroi magi:r
t cdbown andupboitntfoootr mati on processing 1 n autism
squares, wherein an il l usory pesr,ceypotuanagh ineofn s q

children showococpehakdgpamaeaadDl@mbdbetaupoaweri ag
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order modul ation of visual p enad eéfteido m;utti tsits cr
(Stroganova &t méamiagh f20@23plort t h-adat wht il @ oalinl
show dist-oacitpiptaali ePbdD and P3 amplitude diff et
stimuli, ampl i t udieg ndii ffifcearetn ciers talre awtni sti c g

no differgmamea amcgamliigtad el ectrodes bet ween

unl i keutniosnti ¢ controls, who exhibit decreased
(Brown et. aTlaken2O0tOobget her , t hes-er derndime gls a nsius
governing illusory perception may be compr omi
there appears to be mini mal cortical rdnifnfger en
meani ngful contours.

Whil e the experiment al paradi gm uyteir,| iszesd i

guiding principle is that i ndividual s wi | e
spatially incongruent auditory and visual cue
weighting of incoming senesroderi bf asmati dn eat
of AV spatial integration using Bayesian met ho
cue does indeddsphteal peocativon in | ine with
participants overal/l are biased toward relyi
(Battaglia @hual . yi 2808B)dominance anpiiuimains m
t hat 1 nfl wencseasgnmdtist,oms evidenced by visual (
phonemic fusion during the McGurk i1l lusion. Al

spati al acuity or visuaworbki assu,g gtehset BHEG tc otnhpeo np
the autistic individuwkesgbhameheortalkrei mindlb f e

processes. This al she guthpreer tfacttloe sf ii deeint g fti heat

151



perfobmancal communicati on abidlairtey, stRRS,gland e

hi gbeder cognitive abilities, i ntegration of

environment .

7.3 A Need for Diverse Sampling in Autism Res:¢
One of the key | imitations of this study i

our auti sdautri taind) nparti ci pants did vary quit

sensory features, t here wasi svnersyevieartittlye, vlaarniga

and nonverbal |l Q. Future replication of resea

of individuals, with a focus on changes i n mu

and distincs$. sensory profile

7.3.1 Multisensory Integration Ability Change
|l ndi vi dual sensory systems and multisensor

and are related to the trajectory of mat ur at

esearch has demonstrated thdtl imnwlltuiss gmsLgr y fn

-

instance, are not obs(eWavleldacien & hSé wefiitntWe rlifEse7ed a v

& St(le99s7/hhow t hat whil e SC neuaaoadsasdsdhiotw vceh arreascptc

t o atuadcitoi | e sti mul i by 12 days postnatal, mul't
not become apparent until appr ewiematas| YMS20 bea
emerge in subcortical structures, it does not
Research in cats has also shown that multisen

anterior ectosegn vilamwesrultcausdevaaleop,yv not comi ngc

weeks of age among vVvi(swadlllay er eed pVlnisli gv e €nBebugr to:
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ur onal devel opment occurs at a faster rate
not prdosrendt attheiwdrhy | east, i's present on
wkowi cz & Ghazaabmewia@B9a key feature of e
mans .

Al t hough research in adul't humans has demc
tegration in the pEesshcé& BhhkeduR6€68@ADtsit go
i fe. While very young infants deodemonst
tching, AV synchr-boagtidkeembtohingndianfanotasé
mi ted mul ti sencsloerayr fuanciimoidtaat i daomiannadhce acr o
mbi natBronmss (& eRR° der , 2023; Bor &eGobews) 20101
s been shown that infants under eight mont hs
response times in an AV detection paradign
nNsi(Nteent et MBI ,aBDDB)Y continues to i mprove
uity i mproves throughou(tBrcandwehiono detapalu.n,gta

ul t(hRo.o dA. St evenson., Reluan, edeltya tadedv,epn®tOelBt)i al

i stinaet -mdudpietri ve in frontal or parietal regio

ul t((Boadh dwei n. eAdadilti,omraIllly, while it has be
five years can be susceptible to the ventr.i
|l usi onsi (ceuaged fsloausnkd 11 1l usion) wusategtsesmmpl a
d spati al maps does nkPahlafr ieste auln.t,i 120 230e;erZ hi
uns & RPO°fdoerr , a 2031 ew) , i ndicating t hat t h
capsul ates a number of perceptual mechani sm

ti me, becoming more tNaed witfhA@lrsanf@@2y esavyp
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I n older adults, multisensory integration
possibly owing to the common dregprpaedat& dNutdafalud
for a review), wherein accor diMgr edi tthe& cHtneier
ma x i mal mul ti sensory gain occurs when one the

adults show enhanced multisensory gain for si

uni sensdmDy axzowmietsxxu et al ., 2013; Diederich et
et al ., 2011; , Psufjgest ehgat hat 20D8VvVverse effect
explain these changes. Further mor e, ol der ad:u
il lTusions, swndhuced tftHeasthournd usi on anavitdRee ver
tempor al bi MdGongewnndowal ., 2014;, SBeeehsoat
al ., 2018; Mozolic et @dlor, r2012wsPepper & Nut

Computational frameworks multisensory inte:

byyones & @dRdeseyss how, due to sensory decli

adults experience decreased sensory reliabil:]
|l i keli hoods; attentional decline inpageépguamh:
priors. Weight of individual stimuli would al
(e.grelaged hearing |l oss). Therefore, we might

adults would exhibirt nruddu ced sprregc iris@ronisre st, h ew
behavior al evidence discussed above. Il n both
ageing, mul tisensory integration ability appece
periods,apreedalpts @as degradati on of sensory sy:¢

experience.
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The story of ageing and multisensory functdi
consider research using rsedcutddstsiemslory ©Olade
vi sual speech cues during target detection anc
fusion ilni kMc Guarskk sk ¢ sefeormal a,r @@il8w) . Similarly
|l i kely to report-hpedceptiucnm oof-atpne asaeliby¢ mu mg d
(K8l l ai etGiaven ®#2BWdat7r)MSI ability is thought t ¢
the world, it iIs possible that ol der adults al
due to having many decades of s @eercihe nacned wbiof

owner ship.

A highly prevalent, albeit contentious, | ine
Aage outo of many of the features character:i
processing. For inssappert &\né¢ edug e (sk8 wdy nafi vi ¢
that while autistic children show reduced mul
t o -ma@gtec headutniosnt i ¢ control s, thi(sCrdesfsieciett Arads ol
similar trajectory has been (dd snnsrwiolrea ch f&o rB eAVt os

and sipmeiche p@Fa@axde gents &Of. ,coaud =), part of the

validity of these findings is in the fact t
mul ti sensory integration deficits is conduct ec¢
our campadirtayw meani ngf ul conclusions about the
i n MSI devel opment may auttifem i asusocimat ¢edrw

for a number of other conditionenddhaBiCademet
et al ., 2015;ThHaned oerte ,alr.e,s e2a0r2cOh)er s ar e | i kel y

trajectories for MSI ability acros€heptderl g a
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there is no research in this domain to date. V
popul ationsedctiilomza@&l coimlos $toon gu nt duedri sntad n ds thuadw es e n
evolves.over ti me
7.3.2 Different Abilities in Autism

As di scUkapderimuel ti sensory research in the

pl agued by a tendency to recruit LSN individ

generalizability of findings, but also | imits
of adteciagmr es. | mportantl vy, we have demonstra
individuals al most exclusively recruits indiyv
abilities and no comenbi Quti eesenrmbadiobht owedr

However, comorbidities in autism may helop

mechani sms giving rise to atypikEad i nhutadagn § ee.e n

X
n

yndrome (FXS), perhaps the most wideélky kno
of t en c¢ hahggioeesrpioznesdd ahii iync u lhaer layu d iHtea@arl yd ded¢ mail n
with compounding effects in c¢hi(lKdorleanc zd ieatg nad s. e,
Sensory featuraseofpoRelty shagatcmher nhgyepdefm da bt ho
hyposensitivity aar ess(vuwteasroret rdslea,loifa Qpasd)c ho't
antipsychotic medications may al so alter both
sensory environment. Therefore, future resear
t hat may contr i bauntde absostohc itad edhd eadtuees of aL

confounds but as factors for analysis.

7.3.3 Sex Differences in Autism

156



The current diagnostic ratio f{dMaeamteir s m20R

which we and most ot her MS | research adhered
autistic i ndi vi dual s tend to exhibit di stinc
investigated thoroughly in fuhave besranached

incidence and (seBrdrtiet yytofalRRBIRSOR 3 7)e Laase weel lala
SCI, languag®utcomesandtypes ofRRBIs( Ki r k o v s k i. Wightregaads to pur guadlyl 3 )

it is possible that males and females may differ with regards to AV spatial acuity, but more likely,

that task performance may be predicted different phenotypic factors according to sex. Although

we had too few female participis to explore these relationships, it is worth considering the effect

of sex when relating (multi)sensory function to other autism traits.

7.4 Future Directions

7.4.1 Experimental Considerations

| €Chapieedi scussed the cascading effects th

group differences i n MSI perfRBRr mancét asemss o mu
Schneider, et al., 2014; .R.AsA.nCd8aeedyveimadn st $ eng
were very simple, consisting of flashes and wi
di fferences in AV spati al | ocal i zsaotciioanl nfaey. ge m
use) or soc-ialbi 6eu)lgis.t iFsupretencenr mor e, given that
our task was predicted by social communicati or

would yield an even stronger relationship bet
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Salience of the stimulus should also be ¢
physiological respohsaepst,e riAsE we menéviodewdce nth

are stronger and more synchroni((zRrRidn Heirr d&i ethl al

Straet mans dtanall.i,ar@ WRusnieccakl ebteaatdls. na®@?® M2 2k egybj e
et al, ,cam@8rned with | ess salient counterpart :
i s possible that any potenti al group differen
vari abl e, noi sy signals we c dlelneecftiegd.f rFourt utrhee
gami fied (i.e., rewarded) task or more envirol
of which would |ikely enhance subsequent neur

We al so believe that iif future researchers
a Bayesian framework, the task instructions m

to compare per f drinkaenl cieh otood neasxta tmbiash etso iwev ensetrieg
inference in our task, given that wechaidcenot
spati al congruence judgment. While this deci s

total time partmgi phetsasphpenwecbeapievée that a

be beneficial to future worKk. Further mor e, 0
target, whicl&haas ednadyc uhsasveed riensul-sedr caea sanhr act
or inherent segregation of signals; to eval uat

participant s-ewidteld a nméorecepe®m to reportbo,the |

future work would be bettauwvs albl €t rt woc teurpe so,r ea

understand modality dominance among individua
Finally, we would encourage future resear
addition to behavioral di fferences, we were i
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which we hoped would provide insight into the

spati al acuity and integration. However, due
exploratory i n natur e. We beliekhe deéehail eadn c
characterization of each individual i's criti
relationships, but also to move in |line with

understanding auti sm.

7.4.2 Physiological Measurement s

As we di €bapsedoudn EEG data was extremely

identify clear components that would al-l ow us
addi t ipwd emitd al parietal signals, as we hypoth
salkence, we believe excessive movement by part
t he dat a. Stillness during EEG collection 1is

autistic indiviyubBd&w, clhhsspaod oiwampahasot o move
exter nal( Gioampnuatdeoru eZhwalet, &10.2,2;2 Qb8 Y Ni e ob eettt €

alternatives to ©Otaert i menadhlodEEG os etiimmpse.xing N

resolution may include pupillometry, galvanic
are potentially more tolerable and forgiving
7.4.3 Accessibility

Il n the effort to expand the generalizabil it
as to ensure interventions are based on dat a

that future AV spatial timtewtriagtiioms rwistelara hwiba
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As noted above, we expect that performance on

sex or medi cal comorbidity. To recruit a mor
devel op spati al | ocali zati omeparbygdicdhman gti magt ta
met hod (e. g., gcahzoei cree s peotncs.e), ofrorbcyedcr eati ng a

MSI through physiol ogi capo tnmemtnisa 6(reE &g@pdsiupbu gi t

etc. ).
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