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£1.clrocncephalogr.im (EEG) lor Delineating Objective Measu~ of Autism Spectrum Disorder 

iE A.SD identif icariun. These 111easure.s ca1~ lhcn be ustd h) stralify children 
into homogeneous subgroups1 each repr~scntiug v.-tryi ng degrees of impaired 
srk:i<.tl neurocognitive functioning. Dc:,:;pitt: the need forobjective, r,hy~iologic,ll 
measures o~· social functioning. :nachine k arning hJs nm yet t~n w idely 
appl.ied lo biohch,,vio:-al lll t Lrics fordiag11ostic purpose., in cl1i!<lre11 wilh ASO. 

This chapter focuses 0n a :::.ocial ;woctssing dom,rin which, according, ro 
the Kl\1H lksearch Dom~in Criteria (RDoC), is a cemral defici! of ASD 
a11d lend::; ir~elf to qL12:1ti fiable ncurncognlti ve. paucrns: .sot:ial interaction:, 
choring ADOS 2. The ability to soc'all y t:oordinate viso.oai anection. share 
a point of v!ew witi1 another pcr~on. and process self- and oth~r-relatccl 
i:oformation (13:u·resi ancl Moore 1996; Buucrworth and.larn:11 1991; Mnndy 
cl al. 2009) is a fm,n<latinnal so<:ial cngnitive cupaci\y (M llrody 2016). Ir, 
e.mt'r<Jencc in infancy p:-cd:~.ls i r:di vid11;1l differences in language deveJopmi;nl 
in both chil.dr~n with ASD ar~tl in typically developing children (Mundy ~l 

ol. 1990; \111mly and Newcll 2007). Moreover, a1:.cnrion is r.,.;ognized in the 
cfo-'lgnostic cr!teria of the DS·M .V as one uf ;he centl'al impairments of cnrly, 
nonverbal social commt?1·1icai:ion in ASD. While 1he empirical evidence on 
the physiological nature of auention deficiL~ in ASD i~ emi.:rging thal. can 
index a1Ler:1ion: -~0dal brain functional co1mcctivity (FC:) {h!ring reaJ.Ji fo 
soc it'll ir~terac.:r io11. 

At. tht": same t rme, it i s \\•·eH•cstablished iu the lircramre lhal rhe ne:ural 
syste.ms thctt subserve social '-=Ognil'ion ,,re f~mclionally c.ompn>1t •isec..l in 
childre,o wi1h ASD (Uaron-C:ol,~n et al. 1985; Lomi:>arco et al. 201 l; Hill and 
Frith 2003; Kuna er :,!. 2009; /Vfosi>r: el' al. 2008). 'Pie research ~cogge;ts there 
is a fum:tional (fro111al-1er.1poral-pmietal) ovcrl~p i ll neural S)Slem ac1ivity 
dm·jng .A. DOS·2 and ~ucial cogn ir~ve proce:-;sing (Mundy 20 16; Kennedy a11d 
Adolpl•s 2012; Reckay et :ii. 2Ul2; Schurz et al. 2014; Lombardo el al. 2010; 
Caruana et al. 2015). Taken TOg$th~r, l'here l~ ;i.rnple evid~nce 1·0 st1pport r.h~l 

aberrant fnJ!1tai temJXlrai -parieral FC j ~ a potential nexus for lalent social 
cogni1ive disrurbance i11 ear!y ASD. 

M any studies reveal eilher under- or over-co11ne,:ll:d <:l re::l./'i in 1he arni st.ic 
brain, depending on ' "·hefher 1hc suhject is at rest nr er.gag et.I in cogniti VI! 

pruces,ing (Cobell et ,,; . 2008; Just el al. 2004; .l 11st cl u l. 200(i; Kun,1 ~, ~I. 
20!4; Koshi no el al. 2005; Koshi no ct al. 2007; Laza:.:> el al. 20 IS; Lynch ct 
al. 2013; Uddin et al. 20:3; Shih e: al. 2010; Nooo,a" el al. 20()'.); Jones el al. 
20 JO; Damarlr: el al. 20!0: Muhum:nad-Re, ~zudeh c l al. 20! 6). Reduced FC 
wiLhin fron1.al 1 superior teu:rorai, and temporal- pariernl r;;!gion~-regions 
tha1 comprise 1be social brain system- liav~ been consi•aently reporleC 
i!l mosl fMRl sl1:dies l! Xami~ing f-C duri!lg ~ocial info:-r11alioc proces.,;i ng 
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(Ko,hi110 ct al. 2007; Castcili c, nl. 20(:2; Kleinham ct al. 2008; Rudie c1 al. 
2011; Wekhe-. et al. 2005). The presence of.1l rered social brain system FC in 
.;arly neur0dcvclnpm~nf. c,1:1 potentially rev~a.l the or:set of ::mcia1 djffjcolties 

(Keehn ct al. 2013). as ~Ile.red FC dlsruprs efficien! information Ho-.v between 
para] lei i~nd distri~uted neur:-:tl systems i:1volved in tht! proc~ssi1ig ol".';.;ocial ~rnd 
cormm:nicative infornrnt.ion (rVlundy et al. 2009). Thus, children wilh ASD 
may develop with fmited nc11nx:ognilive rrsnurces to efficieraly deal ,vilb 
:.he processing dtm:l.misof Jy:1amic social exchange~. This s.oci.a.l deficjt may 
emerge as irlio~yncr~tic p;itlerus ufEEG during boots of joint sodal mtention 

LITERATURE SURVEY 

Social Interaction Tasks 

ro date, [he few ~tudie~ that bave examinc.d FC du,·ing art;:.nrion h,n,e dor.c so 
using non•clinica] paradigms th,1.r involve the observa~ion olt:ttemioE-eliCJti 11g 
videos~ however. data from such paradigms mc1y Pot. reflec t. I he rrtH"~ person· 
to-per.;;.on internc~ivf! nature. lvlore. :wportanLly, video paradigms m~1y 1mly 
tap ir~ro one of two fac~l~ of attcmi.;rn: respo:Hling to jol1H. a11.entio'!1 (R.lA), 

which serves 1-;11 imperative. function. \Vhat is not rcpn:scntcd :1~ .IA-clicif.in~ 
\'i<lco para<.bgms '.s initiating joint attention (It-\), ,vhlch serve:; a dedarnli ve 
function and taps into social rcwat(~ ~y:-:.tcms that ,1rc integral to the social 
sharing o' experiences iCaruana et al. 20 l 5: Schilbac-h et ai.2010; Gordo,; c1 
al.2013). '.\1oreover, RJA and LIA show a developmental dissociation during 
the first and second years of life (Yoder el al. 2009; lbaiiez et al.2013: !v!undy 
et al. 2007). Although RJA and l.JA 'iotl1 h~ve predictive value ic infancy, 
!JA is a more stable marker of ASD thai, RJA in iarer childhood (Mundy e, 
al. 1986). Some:· ncurofrnagi.ng rese.archers have de~lt \.Vith the above issues 
by usmg a live face ro-avatar paradigm '.O simu,atc IJ/\ bids (Rcdc~y ct al. 
2.012; Gordon cl al. 2013). However, the movernentconslraints inside the MRI 
::.ca.·1ner create :.esting conditions th.:.il can b~ difficuh for younger children, 
wi1h and wltf10ut ASD. 

Eye movemc:nl behavior is a n:~sull or complex ncurolugicaJ processes: 
thcref~ve, eye gaze met.ri.:.·s c.?Jn revei1I objecti·,,e <.rnd q~1a11tifiabie J11 t·uru1atiun 
at.>oul· lhl~ predictability aml cu,1sistency uf cuvcrl :mciai cogniLive processes. 
incli.l<ltngsociril ;:Ueation (Cl1itn·Tegrna1·k 2016; GuiHon etal. 20.14),emOliDli 
rcrngr.iti1)n (Bal Cl ,II. 2010; I.Jlack ct al. 2017; Sawyer ct al. 2012; Sassnn 
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et al. 201 6; Tsang 2!) ; 8; W;igncr et al. 2016; Wieckow,ki an(I While 20 17), 
perspe~li\'e taking, (Symeonidou et al. 2016) an<I joint aHcntion (Ilcdford c, 
al.201 2; 13illeci Cl al. 2016; Falck-Y11er cl al. 2012; Falck-Yncr el al. 2015; 
Swansou el al. 20 l3; Thorup e, al. 20 i6; Thorup CL al. 20 I 8; Vivan ti et aL 
20 l 7) for children will; and wi thout ASD. Eye gaze m~asureme.nt includes 
scvl!.raI metrics rdevim tn ocuJommor control (Komogorrsev el al 2013) 
such as sac.cadic lraje.ctoric~. fixations. :rnd olher relevant measures SllCh 
a, vclc~ily, dura1.ion, ampli1.11de, and pupil dila1iun (Krejtz ct al. 201 Hli). 
We believe th>it combined analysi, of t:xat.ions and ,:1cc2des during nau1ral 
and dyna1~1ic joint aue11tio!"I tasks, 1..:11rrei:rly used as 2 r~!iablc m.easure or 
ASI) dicgnosiic criteria, will represent valid !">iomarkcrs for objectifying 
~nd delineating thl~ clime-nsion:tlity of ASD di~1gnrn;;s in the fot11,.-e . Pre-vi~)1: . ..; 
work i11 thi!i area have successfully de.monstrated deveJo?mem of l<.. the
coefficient of .c111bicntf foc"I aetcm:011 (Krejtz ct al. 2016) and prcvim:s work 
h ..:.s. ~upported the re latio11s!1ip between eye trackir,g mc:1rics an c.} sr:vcrity 

of ASD diagnosi.1 (Frazier et al. 20 18; De! Valle Rubido cl. al. 2() 18; and 
communicative co111m:.1ence (Korbury et al. 2009). Jr v:sual attention in fluences 

stabiiity of fixations d~peuclent u;,on 1he demands of <lynamic joint alien ti on 
las k,. a natural :it.xi ,tep is w look into how relevance may be rct1ec1ed in 
similal" m:urophy~ioiogic features !or atypical social br;:i i11 sy~tems, such as 
111 the co111ex: of ASD (Hoticr er al. 20 l 7), 

EEG Based Machine Learning for ASD 

Stm.bes have shown that EEG has the potential to be u,;,;:d a, biom:u·ker tor 
n rious ne,1rological conditions ind udi11g ASD (Wang e1 al. 20 13;, Ecn 
measures the clecrrica'. .signals of th~ brain via t:lt:~\Jodes t !1at Ere placed 0 11 

various places on the ,calp. The.se ~kctrical sig11als are postsynapt.ic activity 
i11 the neoconex and can be used ro smdy complex ncum psych,atric ,ssurs. 
EEG has various frequency bands and its a11c,lysis are performed on these 
varying bandwidths. Waves bet\vc~n 0.5 u:1d 4 HZ a:·e deltat beL,1.:een 4 and 
8 HZ are theta. between 8 and 13 HZ an, alpha, 13 to 35 HZ are beta and 
over 35 are gamma. Saccadic eye movcme11l plays c. big role in Lhe attcnt ion 

anci he.havior of an i:1dividual which dirt!ctly affects both ~ang11~ge and ~oci;-il 
skills (Flerc!1er-Wa1son et ill. 2009). Autistic children seen, to have c' ifforcnt 
eye movement hehaviors than non-aub ltc children. They tend IO avoid ~ye 
contact and lookin~ al human foce while focusing more n11 gco111etric ~h,tpes 
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(Kli" ct al. 2009). While a typical chilt'. doesJ1't find any imerest in geome,ric 
sJ1apc-.: and rer:d ta make more eye co:1tdct, .and hm~rnn face pcrceplion. 

In Grossi et cl. (2017), authors u~e a complex Hl·'.G proce~.,ing aigoriihm 
c.:1llecl MSR0~·1/I -FA.STaJong v.;ith multiple machine l~arn.i:ig algorithms t;) 
cla,siiy Auti,1ic pstie,Hs In t;1i, s:udy 15 ASD i~divirl11a:., and lfl non ASD 
\Vee .~elected. ASD grnup comprised of 13 males and 2 females be~ween 
7 and 14 years of age. Coi~~rol gn.)up comprised of .~1 males and 6 female-~ 
betv.,ecn 7 ar.(: 12 years of age. Resting State. EEG of both clo~ed and open 
eyes \Vere recorded using 19 electrodes. ?alien!.~ sat i1~ a quiet room wtt.hout 
speiking or performing any mentally demamling ac1·ivi1y \vhile ihe ELG 
'NHS hclng rccnnklL The proposed fFAST algorith1n t..:onsisr...; nf exactly 
tlHcc different 1>hases or par!>. In the Ctrst srage also called Squashing phase, 
rl1c raw EEG signals 1:1rc converted into fci.itu:·e vectors. Anthors presem a 
workflow of the system from raw rl:c:rn to dassificativn to make comparis.on 
between <l,fferent algorithms such a, Muhi Scale Entropy ('v1S Ej a 11'1 the. 
M11lti Scale Ranked 0;-ganizing /l·laps (\IS-ROM). MSROM is a novel 
algorithm based on Singk Org1.~nizing J\.1ap Neural Netv,·ork. In lh!S study, 
ttc dataset is rn<ldomly divided inlu 17 lrainiag c<msisting of 11 ASD, 6 
co:;trols aHi eight test records conslsting cf 4 ASD, 4 cont;ul. The nois~ 
elimination is perl'Onned only on the training set:. Abo, it (.:ornp'.etdy depends 
on 1Le algorithm ,deeted tor extra~tion of fcalu:·c vectors, For MS-RO~'v! 
fe~rnres the-, utilize a,, algDrithm calkd TWIST. In the final classification 
st.::.ge, :.hey us~ mulLiple mal'.t1iric learn~!lg algorith!ns a!ong wit.h mulliple 
validaticm pi::Jtoco1s. The. validmion protncol'-i are tn=iining-rest.ing a11d leave 
rn1e out cross v.alidm;or;, For classification purpo3;c~ they make use of .Sine 
Net Ne11ral N~hvork, Logi1:lic Regre~sion, Sequential l\1linimal Optimization, 
kN>i1 K-Cnmrncr:ve i\·1ap, Nah,c llaye.s, anc R~tndom forest. \.Virh ~1SE 
feature exLraction the best results were given l;y Logistic and t\nivc Bayc.s 
with exactly 2 errors. Whereas, MS-ROM with training test protocol hatl 0 
erto:·.'\ ( l 00% ac(:uracy) with 1111 the c.la~sificatirn1 models. 

Bosl ct aL (201 f). crin(llld a s111dy using mlvISE as feature vectors along 
wich multiclass Support Vcct·nr \1r1chinc. t.o difl'~r~ntiat.e devclopi1tg and 
high-risk infant groups. In this ~tudy they u~c 79 &ffercnt infanrs of whkh 
49 were considered high risk a:id 33 typica]y developing infants. The 49 
infants \.vere high risk based on one oft.heir older sibJtngs having a confirmed 
ASD diagnosis. The ot.het 39 infants wc[c nm. high fi-:.k .c:ince no orie iii Lheir 
ramily ~ver was diagnosed ,i..·hh ASD. Data Vl'as collected from each i11frJr~t. 
during multiple s:e::t'>iori,; with :-..ome intervaJ. Duta excracted from an info.r.t 
in five different .,~:ssions in various mmJths bdw~cn 6 to 24-month period 
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were cons idered unique. Resting stale f-:EG with 64 clecc,-odes wa, extracted 
by placing th~ infanl. in a d.irnly lir room in rheir mofaer's hip ,,,_,h~re the 
research a~sic;iant blew bJhb]es ioca1ch thefr i.me111ion. T he raw ,ignais were 
preproces.,ed os i11g M odified Multiscale Entropy. L()\>, higb, and mean for 
each c•.:rvc from intvlSE were caJcu]aLcd to ere.at~ a li:allll'~ set of 192 values. 
T he hest fit for the dasslfic;Hion for High r~sk and normal infa111s Y\•·as al age 

9 inontlu with over 90W, accuracy. 
Abdulhay et " ;· (20 17). use EEG imrinsic fo1wtion pLOlsntion 10 identify 

p11ttern:,; in Aul ism. They maihemalica!lyoomput~ EEG fealeres andco11:pare 
ASD wi1h typically developing. Jn this study they selected 10 children wit.h 
AS D and 10 nC\n•aucistic child;.cn within the age group of 4 to 11. T hey 
colkcr~d resting state EEG u~i ng 64 cl~ctnxles with a 500 H Z sa111pli1:g 
frequency. Ini tially the ~ignal~ w.:re bund pas.Ii fi]fcred and all the art ifacts 
including eye movements were removed by usi11g l ndepcnden\ Compone.111 
Analysis. En:pirical J\.1o<le dceompnsirion was applic:d Lo extract lntrinsk 
vlodc f uncrion from each of the channels of the part icipants. 11,en pti inr by 
poiul pt1ls.1tious of analytit: intrin'ik modesan::computcd which is then µio1tcci 
Lt1 rnakc cornparison with the c.ounierp:i.rt intri11sic niode 111 annl'l ler chc1nncl. 
Any exisr.in_g stability ;oops are Hnc1lyzcil 1"0 1· abnormal neun.1l connccri,·i1y. 
111 addition, they pcrfor:n 3D mappi11g LO visuali1e and :)pot unusual brain 
activiri~~. In the t"ii·st IMF of channel 3 versiis the first IMF in channel 2 for 
typically developing ar,ci ~utistic chi id, it was found that :he qahil ity onocal 
pulsati(>n pati1\vays maintained ,:consisLcn,y whiie i~ \vas rand(1m i~1 :;y µlt;-:1 l!y 
developing. Similar patterns were seen in channels I and 2 and 16 and 37 
of non•aulistic and u1.i l istic chikfre n. Overall l l1is computa tional metl1od "-Vas 
able to diffcre111ia1e the ab11onnal EEG activities bcrwe.en ASD and typically 
developing childrc.n. 

Alie et al. (201 t) use :'l-1arkuv M(Kleis with eye tracking to cl,issify 
Autism Spe<:t rum D isorde r. Unlike most od1er studies that collected data 
from children wh,1 were 3 year, or older. in this study they collect data from 
6- 111onthvo!d infants. Tnere \V~re in total 32 subjec:s <W t of whid: 6 wer,;; la;cr 

a t 3 years of age d~agnosl!d w itil /\SD and the rest were 1:oL. During. lh c data 
col!ection the ~uhje.c1·s were p1aced in fro11l ofth::ir nw thers llnd fourdiffrrcnt 
came.ms from different angles recorded the video for about 3 minutes. The 
~ye tracking \Vas simply based on eitlu.::· the ~ubject inoked r!: the~ :r:olher's 
face or not. Through this they get a hi nary sequence of scbjccts' eye patrec:, 
which i s then ccrnvened into alphabet sequence of :1 .-,pecific lc-ugl h. Then 

1he se.qucnce ""''.ls fi ltered using a low pass filter ami down sa111pled by fa~tor 
of 18. T his i~ done ro enhance Markov Models :o produce c1Tectivt :·cs>1lrs. 
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