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Abstract
Dhe 52nuscr1+t focuses on the 15+ort2nce of soc123 en$2$e5ent 2n6 the Eeh2:1or23 2n6 neuro+h9s1o3o$1c23
5ech2n1s5s th2t 233oF 1n61:16u23s to re6uce +s9cho3o$1c23 2n6 +h9s1c23 61st2nce. A 5o6e3 of soc123 en$2$e5ent
6er1:e6 fro5 the !o39:2$23 Dheor9 1s +resente6. Dhe 5o6e3 e5+h2s1Ges +h93o$en9 2s 2n or$2n1G1n$ +r1nc1+3e
2n6 1nc3u6es the fo33oF1n$ +o1nts8 HI there 2re Fe33 6ef1ne6 neur23 c1rcu1ts to su++ort soc123 en$2$e5ent
Eeh2:1ors 2n6 the 6efens1:e str2te$1es of f1$ht' f31$ht' 2n6 freeGe' JI these neur23 c1rcu1ts for5 2 +h93o$enet1c2339
or$2n1Ge6 h1er2rch9' KI F1thout Ee1n$ 6e+en6ent on consc1ous 2F2reness the ner:ous s9ste5 e:23u2tes r1sL 1n
the en:1ron5ent 2n6 re$u32tes the eM+ress1on of 262+t1:e Eeh2:1or to 52tch the neurocoe+t1on of 2 s2fe'
62n$erous' or 31fe thre2ten1n$ en:1ron5ent' NI soc123 en$2$e5ent Eeh2:1ors 2n6 the Eenef1ts of the
+h9s1o3o$1c23 st2tes 2ssoc12te6 F1th soc123 su++ort reOu1re 2 neuroce+t1on of s2fet9' PI soc123 Eeh2:1ors
2ssoc12te6 F1th nurs1n$' re+ro6uct1on' 2n6 the for52t1on of stron$ +21r Eon6s reOu1re 155oE131G2t1on F1thout
fe2r' 2n6 QI 155oE131G2t1on F1thout fe2r 1s 5e612te6 E9 2 co=o+t1n$ of the neur23 c1rcu1t re$u32t1n$ 6efens1:e
freeG1n$ Eeh2:1ors throu$h the 1n:o3:e5ent of oM9toc1n' 2 neuro+e+t16e 1n 525523s 1n:o3:e6 1n the for52t1on of
soc123 Eon6s. Dhe 5o6e3 +ro:16es 2 +h93o$enet1c 1nter+ret2t1on of the neur23 5ech2n1s5s 5e612t1n$ the
Eeh2:1or23 2n6 +h9s1o3o$1c23 fe2tures 2ssoc12te6 F1th stress 2n6 se:er23 +s9ch12tr1c 61sor6ers.  

Social Engagement and Attachment:
 A Phylogenetic Perspective

As the sc1ent1f1c LnoF3e6$e of neuro2n2to59 2n6 neuro+h9s1o3o$9 eM+2n6s' there 1s 2 $roF1n$ 1nterest 1n the
ro3e neur23 +rocesses +329 1n the 6e:e3o+5ent of nor523 soc123 Eeh2:1or 2n6 1n the eM+ress1on of the 2t9+1c23
soc123 Eeh2:1ors th2t 529 +ro:16e the roots of 5ent23 133ness 1n ch136ren. Recent 26:2nces 1n neurosc1ence h2:e
en2E3e6 rese2rchers to stu69 ner:ous s9ste5 funct1on 2n6 structure 1n the 1nt2ct 31:1n$ 1n61:16u23. NoF neuron23
funct1on c2n Ee stu61e6 2n6 the structur23 h9+otheses 6er1:e6 fro5 2n1523 5o6e3s 2n6 +ost5orte5 h1sto3o$9
c2n Ee ch233en$e6 2n6 eM+321ne6. Dhese neF 5etho6s of 2ss291n$ neur23 structure 2n6 funct1on' cou+3e6 F1th
the Ere2Lthrou$hs 1n 5o3ecu32r $enet1cs' 2re +ro:161n$ neF too3s 2n6 5o6e3s' Fh1ch c2n Ee 1nte$r2te6 F1th
eM1st1n$ str2te$1es th2t effect1:e39 5on1tor 69n251c neur23 funct1on E9 t15e s25+31n$ neuroen6ocr1ne 2n6
2utono51c +2r25eters.  

Defining social behavior: The great conceptual divide 
An oETect1:e of th1s conference 1s to Eu136 Er16$es 25on$ rese2rchers Fho stu69 the 6e:e3o+5ent of soc123
Eeh2:1or F1th Eoth 2n1523 5o6e3s 2n6 c31n1c23 +o+u32t1ons. At F2s 2ssu5e6' 2s 2 +r152r9 +re51se of or$2n1G1n$
th1s conference' th2t Eoth cohorts sh2re the s25e oETect1:e of $ener2t1n$ LnoF3e6$e re32te6 to the 5ech2n1s5s
of nor523 2n6 2t9+1c23 soc123 Eeh2:1or th2t cou36 Ee tr2ns32te6 1nto c31n1c23 +r2ct1ce. Dhe contr2sts EetFeen the
rese2rch str2te$1es 2n6 5etho6s of the tFo cohorts 2re forc1n$ 2 re=e:23u2t1on of th1s 2ssu5+t1on.  

An1523 5o6e3s often e5+h2s1Ge the ro3e of 2 s+ec1f1c neur23 s9ste5' neurotr2ns51tter' neuro+e+t16e' hor5one'
or Er21n structure 2s 2 re$u32tor of soc123 Eeh2:1or. An contr2st' c31n1c23 rese2rch often focuses on stu691n$
2Eerr2nt +s9cho3o$1c23 +rocesses 1n c31n1c23 +o+u32t1ons. .hen neuro+h9s1o3o$1c23 s9ste5s 2re stu61e6 F1th
c31n1c23 +o+u32t1ons' the rese2rch 6es1$ns focus on est2E31sh1n$ corre32t1ons F1th the 61sor6ers 2n6' 1n $ener23'
+rec3u6e the +oss1E131t9 of 61st1n$u1sh1n$ Fhether the +h9s1o3o$1c23 corre32tes 2re c2uses or effects of the
61sor6er. 

A3thou$h the tFo rese2rch str2te$1es often use s15132r ter5s' the ter5s 529 ref3ect 61fferent 6o521ns of soc123
Eeh2:1or. An1523 5o6e3s ten6 to focus on the est2E31sh5ent of +21r Eon6s 2n6 $ener2te +2r261$5s to e:23u2te
the stren$th of these Eon6s. An contr2st' rese2rch F1th ch136ren' 1n:est1$2t1n$ nor523 2n6 2t9+1c23 soc123
Eeh2:1or' ten6s to focus on the Eeh2:1ors th2t re6uce soc123 2n6 +h9s1c23 61st2nce EetFeen 1n61:16u23s. For
eM25+3e' the ter51no3o$9 2ssoc12te6 F1th 5e2sur1n$ 2n6 6ef1n1n$ soc123 Eeh2:1or 61ffers Fhen contr2st1n$ the
co5+ro51se6 soc123 en$2$e5ent str2te$1es eM+resse6 E9 2n 1nst1tut1on231Ge6 ch136 F1th the 2E131t9 to est2E31sh
+21r Eon6s E9 2 :o3e.  

mailto:Sporges@uic.edu


To appear in Roots of Mental Illness in Children, Annals of the New York Academy of Sciences    !or$es' )te+hen ..

2

A f1n23 +er+3eM1n$ +2rt of the conce+tu23 61:16e re32tes to the tr2ns32t1on of neurosc1ence +r1nc1+3es 2n6 rese2rch
f1n61n$s 1nto c31n1c23 +r2ct1ce. Dhe c31n1c12n 1s the th1r6 315E of th1s tr126. !2r26oM1c2339' 23thou$h the 31nL EetFeen
soc123 Eeh2:1or 2n6 5ent23 133ness 1n ch136ren e5er$e6 61rect39 fro5 c31n1c23 oEser:2t1ons' the fe2tures 2n6
615ens1ons of soc123 Eeh2:1or stu61e6 1n Eoth 2n1523 5o6e3s 2n6 1n 32Eor2tor9 stu61es of nor523 2n6 2t9+1c23
ch136ren often 6e:12tes fro5 the fe2tures th2t c31n1c12ns use to 6ef1ne the +2tho3o$9. >31n1c23 rese2rchers' Fho
con6uct stu61es of soc123 Eeh2:1or' 2re 1ntereste6 1n e1ther hoF out31er Eeh2:1ors o:er32+ F1th fe2tures of c31n1c23
612$noses or hoF Eeh2:1or23' +s9cho3o$1c23' 2n6 +h9s1o3o$1c23 +2r25eters 61fferent12te the c31n1c23 +o+u32t1on
fro5 nor523 suETects. Vften the +2r25eters of 1nterest or' 2t 3e2st' those th2t 61st1n$u1sh the c31n1c23 $rou+ fro5
nor523 suETects focus on +rocesses th2t 6o not h2:e 2n oE:1ous re32t1on to the Eeh2:1ors oEser:e6 1n c31n1c23
sett1n$s or use6 to 6ef1ne the +2tho3o$9 We.$.' cort1so3I. 

Xost rese2rch 1n +s9cho+2tho3o$9 2cce+ts the :23161t9 of c31n1c23 2ssess5ent 2n6 612$nost1c s9ste5s We.$.'
;)X=AYI 2s 1nc3us1on cr1ter12 2n6 then 2tte5+ts to 6e5onstr2te th2t 6ef1c1ts 1n +s9cho3o$1c23 +rocesses 2n6Zor
2t9+1c23 neuro+h9s1o3o$1c23 res+onse +2tterns un6er31e the 61sor6er. Dhe rese2rch on +rocesses 2n6
5ech2n1s5s' Fhether oEt21ne6 fro5 c31n1c23 +o+u32t1ons or E9 stu691n$ 2n1523 5o6e3s 2ssu5e6 to eM+ress
Eeh2:1ors s15132r to the c31n1c23 +o+u32t1ons' 6oes not e2s139 enter the c31n1c23 re235 2n6 1nfor5 c31n1c23
2ssess5ent. )15132r39' other th2n $3oE23 612$noses 2n6 Ou2nt1t2t1:e 1nfor52t1on fro5 st2n62r61Ge6 2ssess5ent
1nstru5ents' 31tt3e 1nfor52t1on fro5 c31n1c23 oEser:2t1ons re$2r61n$ the s+ec1f1c fe2tures of Eeh2:1or th2t h2:e
tr1$$ere6 the c31n1c12n[s concern e2s139 enters the rese2rch en:1ron5ent. Dhus' the construct of soc123 Eeh2:1or 1s
tre2te6 61fferent39 E9 rese2rchers test1n$ 2n1523 5o6e3s' rese2rchers stu691n$ nor523 soc123 Eeh2:1or'
rese2rchers stu691n$ the +s9cho3o$1c23 2n6 neuro+h9s1o3o$1c23 5ech2n1s5s 2n6 +rocesses un6er391n$ 2 c31n1c23
612$nos1s' 2n6 c31n1c12ns Fho 612$nose 2n6 tre2t ch136ren F1th soc123 Eeh2:1or +roE3e5s. X1ss1n$ 1n th1s 51M of
5et2+hors' For36:1eFs' +2r261$5s' 2n6 612$nost1c 5o6e3s' 1s 2 sh2re6 2$en62 to tr2ns32te rese2rch f1n61n$s
1nto +r2ct1ce W1.e.' 2ssess5ent 2n6 tre2t5entI 2n6 to use c31n1c23 1nfor52t1on to 1nfor5 the theoret1c23 5o6e3s
Ee1n$ teste6.

Social Behavior and Attachment
)e:er23 rese2rchers Fho stu69 the 6e:e3o+5ent of soc123 Eeh2:1or 1n ch136ren h2:e focuse6 on the construct of
2tt2ch5ent. )e:er23 of these rese2rchers con6uct stu61es 6er1:e6 fro5 the oEser:2t1ons of <oF3E9H 2n6 the
+2r261$5 Eu1361n$ rese2rch of A1nsForth.J Xuch of the current rese2rch on hu52n 2tt2ch5ent 1s E2se6 on the
A1nsForth t9+o3o$9' Fh1ch 2++31es 2 +2r261$5 2ssess1n$ 1nf2nt res+onses to se+2r2t1on. >31n1c12ns 2n6
rese2rchers 1n 6e:e3o+5ent23 +s9cho+2tho3o$9 2ssu5e th2t the A1nsForth c32ss1f1c2t1on s9ste5 2n6 recent
6er1:2t1:esK F133 +ro:16e 1ns1$hts 1nto the +s9cho3o$1c23 5ech2n1s5s of s+ec1f1c 61sor6ers. An f2ct' 612$nost1c
c2te$or1es noF 1nc3u6e 61sor6ers such 2s \Re2ct1:e Att2ch5ent ;1sor6er.] 

Dhe tr261t1on23 2tt2ch5ent sche52 6er1:e6 fro5 the <oF3E9 theor9 const1tutes on39 2 s5233 +2rt of soc123
Eeh2:1or. Xoreo:er' tr261t1on23 2tt2ch5ent theor9 E9 focus1n$ on 5other=1nf2nt re32t1ons 6oes not 1nc3u6e other
+ut2t1:e 2tt2ch5ent Eeh2:1ors th2t 2re oEser:e6 1n the en6ur1n$ Eon6s EetFeen +eers' s1E31n$s' 2n6 52tes.
X1ss1n$ fro5 the tr261t1on23 2tt2ch5ent theor1es 1s 2n 2rt1cu32t1on of the 5ech2n1s5s 5e612t1n$ en$2$e5ent
EetFeen the 1n61:16u23s Eon61n$ or for51n$ 2tt2ch5ents.  

Social engagement: The preamble of a social bond
Do 6e:e3o+ 2 soc123 Eon6' 1n61:16u23s h2:e to Ee 1n c3ose +roM151t9. Dh1s 1s true for the 5o6e3s focus1n$ on Eoth
5other=1nf2nt 2tt2ch5ent 2n6 the stron$ Eon6s 2ssoc12te6 F1th soc123 5ono$259. <oth 5o6e3s test the stren$th
2n6 fe2tures of the re32t1onsh1+ throu$h se+2r2t1on +2r261$5s. Dhere 2re' of course' 52Tor 61fferences EetFeen
the conteMts 1n Fh1ch 5other=1nf2nt 2tt2ch5ent 2n6 the soc123 Eon6s of re+ro6uct1:e +2rtners 2re est2E31she6
2n6 teste6. Vne s+ec1f1c 61fference 1s the contr2st 1n 5oE131t9 EetFeen the 5other=1nf2nt 2n6 re+ro6uct1:e
+2rtner 6926s. An the 5other=1nf2nt 6926 there 1s 2n 15E232nce F1th the 1nf2nt h2:1n$ 3151te6 2E131t1es to 5o:e
toF2r6 or 2F29 fro5 the 5other. ^oFe:er' 1n the re+ro6uct1:e +2rtner 6926' there 1s 2 E232nce EetFeen the
Eeh2:1or23 re+erto1res of the tFo 26u3ts.

A3thou$h +roM151t9 1s cr1t1c23 to the est2E31sh5ent of soc123 Eon6s' +roM151t9 1s tot2339 6ue to the 2E131t9 to
n2:1$2te 2cross +h9s1c23 61st2nce :12 :o3unt2r9 Eeh2:1or. Af soc123 Eon6s Fere 6e+en6ent u+on :o3unt2r9 5otor
Eeh2:1ors' then the neFEorn 1nf2nt Fou36 Ee $re2t39 61s26:2nt2$e6 Eec2use the neur23 re$u32t1on of the s+1n23
5otor +2thF29s 2re 1552ture 2t E1rth 2n6 t2Le se:er23 9e2rs to fu339 6e:e3o+.  ^oFe:er' 1n 525523s not 233
5usc3es 2re 6r1:en E9 cort1cos+1n23 +2thF29s. @n31Le the str12te6 5usc3es of trunL 2n6 315Es' cort1coEu3E2r
+2thF29s re$u32te the str12te6 5usc3es of the f2ce 2n6 he26. Dhe cort1coEu3E2r +2thF29s 2re suff1c1ent39



To appear in Roots of Mental Illness in Children, Annals of the New York Academy of Sciences    !or$es' )te+hen ..

3

6e:e3o+e6 2t E1rth to Ee 2:2132E3e to the fu33 ter5 1nf2nt to s1$n23 c2re$1:er We.$.' :oc231G2t1ons' $r152ceI 2n6 to
en$2$e the soc123 We.$.' $2Ge' s513eI 2n6 nutr1ent We.$.' sucL1n$I 2s+ects of the For36. Dhese 5otor +2thF29s
or1$1n2te 1n the Er21nste5 2n6 re$u32te 5usc3es throu$h the Er2nches of f1:e cr2n123 ner:es WY' YAA' A_' _' _AI.
Dhus' the neur23 re$u32t1on of 5usc3es th2t +ro:16e 15+ort2nt e3e5ents of soc123 cue1n$' 2re 2:2132E3e to
f2c131t2te the soc123 1nter2ct1on F1th the c2re$1:er 2n6 funct1on co33ect1:e39 2s 2n 1nte$r2te6 soc123 en$2$e5ent
s9ste5.N   

Dhe 5usc3es of the f2ce 2n6 he26 1nf3uence Eoth the eM+ress1on 2n6 rece+t1:1t9 of soc123 cues 2n6 c2n
effect1:e39 re6uce or 1ncre2se soc123 61st2nce. <eh2:1or2339 th1s 1s oEser:e6 2s f2c123 eM+ress1ons' e9e $2Ge'
:oc231G2t1ons' 2n6 he26 or1ent2t1on. Neur23 re$u32t1on of these 5usc3es c2n re6uce soc123 61st2nce E9 52L1n$
e9e cont2ct' eM+ress1n$ +roso69 1n :o1ce' 61s+3291n$ cont1n$ent f2c123 eM+ress1ons' 2n6 5o6u32t1n$ the 51663e
e2r 5usc3es to 15+ro:e the eMtr2ct1on of hu52n :o1ce fro5 E2cL$roun6 soun6s. A3tern2t1:e39' E9 re6uc1n$ the
5usc3e tone to these 5usc3es' the e9e316s 6roo+' 2n6 +roso69 1s 3ost' +os1t1:e 2n6 cont1n$ent f2c123 eM+ress1ons
2re 6151n1she6' the 2E131t9 to eMtr2ct hu52n :o1ce fro5 E2cL$roun6 soun6s 1s co5+ro51se6' 2n6 the 2F2reness
of the soc123 en$2$e5ent Eeh2:1ors of others 529 Ee 3ost. Dhus' the neur23 re$u32t1on of the str12te6 5usc3es of
the f2ce 2n6 he26 funct1on Eoth 2s 2n 2ct1:e soc123 en$2$e5ent s9ste5 th2t re6uces +s9cho3o$1c23 61st2nce
2n6 2s 2 f13ter th2t c2n 1nf3uence the +erce+t1on of the en$2$e5ent Eeh2:1ors of others.

)+ec123 :1scer23 efferent +2thF29s 5e612te the neur23 re$u32t1on of the str12te6 5usc3es of the f2ce 2n6 he26.
)+ec123 :1scer23 +2thF29s e5er$e fro5 three nuc3e1 1n the Er21nste5 Wnuc3eus of the tr1$e51n23 ner:e' nuc3eus of
the f2c123 ner:e' 2n6 nuc3eus 25E1$uusI 2n6 +ro:16e 5otor +2thF29s th2t 2re cont21ne6 F1th1n f1:e cr2n123
ner:es W1.e.' tr1$e51n23' f2c123' h9+o$3oss23' :2$us' 2ccessor9I. Dhese +2thF29s re$u32te structures th2t e:o3:e6
fro5 the 2nc1ent $133 2rches. Fro5 Eoth c31n1c23 2n6 rese2rch +ers+ect1:es' the str12te6 5usc3es of the f2ce 2n6
he26 +ro:16e +otent 1nfor52t1on re$2r61n$ the Eeh2:1or23 615ens1ons use6 to eM+ress 2s Fe33 2s to e:23u2te the
stren$th of 2tt2ch5ent or the stress to the soc123 Eon6. For eM25+3e' f2c123 eM+ress1:1t9 2n6 +roso69 of
:oc231G2t1ons h2:e Eeen use6 2s c31n1c23 1n61c2tors 2s Fe33 2s Ou2nt1f12E3e res+onses of se+2r2t1on 61stress.P 

The social engagement system: Phylogenic origins of behavioral and autonomic components
Dhe +h93o$en1c or1$1n of the Eeh2:1ors 2ssoc12te6 F1th the soc123 en$2$e5ent s9ste5 1s 1ntertF1ne6 F1th the
+h93o$en9 of the 2utono51c ner:ous s9ste5. As the str12te6 5usc3es' :12 s+ec123 :1scer23 efferent +2thF29s'
e:o3:e6 1nto 2 Eeh2:1or23 s9ste5 th2t re$u32te6 soc123 en$2$e5ent Eeh2:1ors' there F2s 2 +rofoun6 sh1ft 1n
neur23 re$u32t1on of the 2utono51c ner:ous s9ste5. !h93o$enet1c2339' these ch2n$es 1n Eoth so52to5otor 2n6
:1scero5otor re$u32t1on 2re oEser:e6 1n the tr2ns1t1on fro5 re+t13es to 525523s. As the 5usc3es of the f2ce 2n6
he26 e:o3:e6 1nto 2n 1n$est1on W1.e.' nurs1n$I 2n6 soc123 en$2$e5ent s9ste5' 2 neF co5+onent of the
2utono51c ner:ous s9ste5 W1.e.' 2 59e31n2te6 :2$usI e:o3:e6 th2t F2s re$u32te6 E9 2 Er21nste5 nuc3eus' Fh1ch
F2s 23so 1n:o3:e6 1n the re$u32t1on of the str12te6 5usc3es of the f2ce 2n6 he26 W1.e.' nuc3eus 25E1$uusI. Dh1s
con:er$ence of neur23 5ech2n1s5s resu3te6 1n 2n 1nte$r2te6 soc123 en$2$e5ent s9ste5 F1th 2 s9ner$1s5
EetFeen Eeh2:1or23 2n6 :1scer23 fe2tures of soc123 en$2$e5ent. Dhus' 2ct1:2t1on of the so52to5otor co5+onent
Fou36 tr1$$er :1scer23 ch2n$es th2t Fou36 su++ort soc123 en$2$e5ent' Fh13e 5o6u32t1on of :1scer23 st2te Fou36
e1ther +ro5ote or 15+e6e soc123 en$2$e5ent Eeh2:1ors. For eM25+3e' st15u32t1on of :1scer23 st2tes th2t Fou36
+ro5ote 5oE131G2t1on W1.e.' f1$ht or f31$ht Eeh2:1orsI Fou36 15+e6e the 2E131t9 to eM+ress soc123 en$2$e5ent
Eeh2:1ors' Fh13e 1ncre2se6 2ct1:1t9 throu$h the 59e31n2te6 :2$us Fou36 +ro5ote the soc123 en$2$e5ent
Eeh2:1ors 2ssoc12te6 F1th 2 c235 :1scer23 st2te. Dhus' Fe c2n 1nfer the s+ec1f1c neur23 5ech2n1s5s re32te6 to
the effect1:eness th2t fee61n$ 2n6 rocL1n$ h2:e on +ro5ot1n$ c235 Eeh2:1or23 2n6 :1scer23 st2tes. )+ec1f1c2339'
Eoth the 1n$est1:e Eeh2:1ors 2ssoc12te6 F1th fee61n$ 2n6 the +2ss1:e rocL1n$ of 2n 1nf2nt +ro5ote c235ness E9
1nf3uenc1n$ the 59e31n2te6 :2$us. Fee61n$ 2ct1:2tes the 5usc3es of 52st1c2t1on :12 tr1$e51n23 efferent +2thF29s'
Fh1ch 1n turn +ro:16e 2fferent fee6E2cL 1n+ut to the nuc3eus 25E1$uus W1.e.' the source nuc3eus of the 59e31n2te6
:2$usI. RocL1n$ +ro:16es 2n eff1c1ent 2n6 61rect 1nf3uence on the :2$us E9 st15u32t1n$ :2$23 2fferent +2thF29s
:12 the E2rorece+tors. Xoreo:er' 2ct1:2t1on of the soc123 en$2$e5ent s9ste5 625+ens the neur23 c1rcu1ts
1nc3u61n$ the 315E1c structures th2t su++ort f1$ht' f31$ht' or freeGe Eeh2:1ors.

Polyvagal Theory: Three neural circuits regulating reactivity
4:o3ut1on2r9 forces h2:e 5o36e6 Eoth hu52n +h9s1o3o$9 2n6 Eeh2:1or. Y12 e:o3ut1on2r9 +rocesses' the
52552312n ner:ous s9ste5 h2s e5er$e6 F1th s+ec1f1c neur23 2n6 Eeh2:1or23 fe2tures th2t re2ct to ch233en$e 1n
or6er to 521nt21n :1scer23 ho5eost2s1s. Dhese re2ct1ons ch2n$e +h9s1o3o$1c23 st2te 2n6' 1n 525523s' 3151t
sensor9 2F2reness' 5otor Eeh2:1ors' 2n6 co$n1t1:e 2ct1:1t9. Do sur:1:e' 525523s 5ust 6eter51ne fr1en6 fro5
foe' e:23u2te Fhether the en:1ron5ent 1s s2fe' 2n6 co55un1c2te F1th the1r soc123 un1t. Dhese sur:1:23=re32te6
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Eeh2:1ors 2re 2ssoc12te6 F1th s+ec1f1c neuroEeh2:1or23 st2tes th2t 3151t the eMtent to Fh1ch 2 525523 c2n Ee
+h9s1c2339 2++ro2che6 2n6 Fhether the 525523 c2n co55un1c2te or est2E31sh neF co231t1ons.  

Dhrou$h st2$es of +h93o$en9 525523s 2n6 es+ec12339 +r152tes h2:e e:o3:e6 2 funct1on23 neur23 or$2n1G2t1on
th2t re$u32tes :1scer23 st2te to su++ort soc123 Eeh2:1or. Dhe !o39:2$23 Dheor9N'Q=` e5+h2s1Ges the +h93o$enet1c
or1$1ns of Er21n structures th2t re$u32te soc123 2n6 6efens1:e Eeh2:1ors' 6o521ns co5+ro51se6 1n 1n61:16u23s
F1th 2ut1s5 2n6 se:er23 +s9ch12tr1c 61sor6ers. Dhe !o39:2$23 Dheor9 +ro+oses th2t the e:o3ut1on of the
52552312n 2utono51c ner:ous s9ste5 +ro:16es the neuro+h9s1o3o$1c23 suEstr2tes for the e5ot1on23
eM+er1ences 2n6 2ffect1:e +rocesses th2t 2re 52Tor co5+onents of soc123 Eeh2:1or. Dhe theor9 +ro+oses th2t
+h9s1o3o$1c23 st2te 3151ts the r2n$e of Eeh2:1or 2n6 +s9cho3o$1c23 eM+er1ence. An th1s conteMt' the e:o3ut1on of the
ner:ous s9ste5 6eter51nes the r2n$e of e5ot1on23 eM+ress1on' Ou231t9 of co55un1c2t1on' 2n6 the 2E131t9 to
re$u32te Eo6139 2n6 Eeh2:1or23 st2te. Dhe !o39:2$23 Dheor9 31nLs the e:o3ut1on of the 2utono51c ner:ous s9ste5
to 2ffect1:e eM+er1ence' e5ot1on23 eM+ress1on' f2c123 $estures' :oc23 co55un1c2t1on 2n6 cont1n$ent soc123
Eeh2:1or. Dhus' the theor9 +ro:16es 2 +32us1E3e eM+32n2t1on of se:er23 soc123' e5ot1on23 2n6 co55un1c2t1on
Eeh2:1ors 2n6 61sor6ers.  

Dhe +o39:2$23 construct e5+h2s1Ges the neuro+h9s1o3o$1c23 2n6 neuro2n2to51c23 61st1nct1on EetFeen tFo
Er2nches of the :2$us 2n6 +ro+oses th2t e2ch Er2nch su++orts 61fferent 262+t1:e Eeh2:1or23 str2te$1es. Dhe
!o39:2$23 Dheor9 2rt1cu32tes three +h93o$enet1c st2$es of the 6e:e3o+5ent of the 52552312n 2utono51c
ner:ous s9ste5. 42ch st2te 1s 2ssoc12te6 F1th 2 61st1nct 2utono51c suEs9ste5 th2t 1s ret21ne6 1n 525523s.
Dhese 2utono51c suEs9ste5s 2re +h93o$enet1c2339 or6ere6 2n6 Eeh2:1or2339 31nLe6 to soc123 co55un1c2t1on
We.$.' f2c123 eM+ress1on' :oc231G2t1on' 31sten1n$I' 5oE131G2t1on We.$.' f1$ht=f31$ht Eeh2:1orsI 2n6 155oE131G2t1on We.$.'
fe1$n1n$ 6e2th' :2so=:2$23 s9nco+e' 2n6 Eeh2:1or23 shut6oFnI. Dhe soc123 co55un1c2t1on s9ste5 W1.e.' )oc123
4n$2$e5ent )9ste5' see Ee3oFI 1s 6e+en6ent u+on the 59e31n2te6 :2$us' Fh1ch ser:es to foster c235
Eeh2:1or23 st2tes E9 1nh1E1t1n$ the s95+2thet1c 1nf3uences to the he2rt 2n6 625+en1n$ the ^!A 2M1s.a Dhe
5oE131G2t1on s9ste5 1s 6e+en6ent on the funct1on1n$ of the s95+2thet1c ner:ous s9ste5. Dhe 5ost
+h93o$enet1c2339 +r151t1:e co5+onent' the 155oE131G2t1on s9ste5' 1s 6e+en6ent on the un59e31n2te6 or
\:e$et2t1:e] :2$us' Fh1ch 1s sh2re6 F1th 5ost :erteEr2tes. .1th 1ncre2se6 neur23 co5+3eM1t9 6ue to +h93o$enet1c
6e:e3o+5ent' the or$2n1s5[s Eeh2:1or23 2n6 2ffect1:e re+erto1re 1s enr1che6. Dhe theor9 e5+h2s1Ges the
funct1on23 2s+ect of neur23 contro3 of Eoth the str12te6 5usc3es of the f2ce 2n6 the s5ooth 5usc3es of the
:1scer2' s1nce the1r funct1ons re39 on co55on Er21nste5 structures.  

The social engagement system.  Dhe !o39:2$23 Dheor9 +ro:16es 2n eM+31c1t neuroE1o3o$1c23 5o6e3 of hoF
61ff1cu3t1es 1n s+ont2neous soc123 Eeh2:1or 2re 31nLe6 to Eoth f2c123 eM+ress1:1t9 2n6 the re$u32t1on of :1scer23
st2te. An6' 23tern2t1:e39 hoF soc123 Eeh2:1or 529 ser:e 2s 2 re$u32tor of +h9s1o3o$1c23 2ct1:1t9. Dhe theor9
+ro+oses 2 +oss1E3e 5ech2n1s5 to eM+321n hoF these 61ff1cu3t1es 51$ht for5 2 core 6o521n of se:er23 +s9ch12tr1c
+rof13es. Re3e:2nt to th1s focus on +s9ch12tr1c 61sor6ers 2re the s+ec1f1c 6ef1c1ts 2ssoc12te6 F1th se:er23
612$noses 1n Eoth the so52to5otor We.$.' +oor $2Ge' 3oF f2c123 2ffect' 32cL of +roso69' 61ff1cu3t1es 1n 52st1c2t1onI
2n6 :1scero5otor W61ff1cu3t1es 1n 2utono51c re$u32t1on resu3t1n$ 1n c2r61o+u35on2r9 2n6 61$est1:e +roE3e5sI of
the )oc123 4n$2$e5ent )9ste5. For eM25+3e' c31n1c12ns 2n6 rese2rchers h2:e 6ocu5ente6 these 6ef1c1ts 1n
1n61:16u23s F1th 2ut1st1c s+ectru5 61sor6ers.  ;ef1c1ts 1n the soc123 en$2$e5ent s9ste5 Fou36 co5+ro51se
s+ont2neous soc123 Eeh2:1or' soc123 2F2reness' 2ffect eM+ress1:1t9' +roso69' 2n6 32n$u2$e 6e:e3o+5ent. An
contr2st' 1nter:ent1ons th2t 15+ro:e the neur23 re$u32t1on of the )oc123 4n$2$e5ent )9ste5' h9+othet1c2339
Fou36 enh2nce s+ont2neous soc123 Eeh2:1or' st2te 2n6 2ffect re$u32t1on' re6uce stereot9+1c23 Eeh2:1ors' 2n6
15+ro:e 32n$u2$e sL133s.

45Er9o3o$1c2339' co5+onents of se:er23 cr2n123 ner:es LnoFn 2s s+ec123 :1scer23 efferent +2thF29s 6e:e3o+
to$ether to for5 the neur23 suEstr2te of 2 soc123 en$2$e5ent s9ste5.` Dh1s s9ste5' 2s 133ustr2te6 1n F1$ure H'
+ro:16es the neur23 structures 1n:o3:e6 1n soc123 2n6 e5ot1on23 Eeh2:1ors. Dhe soc123 en$2$e5ent s9ste5 h2s 2
contro3 co5+onent 1n the corteM W1.e.' u++er 5otor neuronsI th2t re$u32tes Er21nste5 nuc3e1 W1.e.' 3oFer 5otor
neuronsI to contro3 e9e316 o+en1n$ We.$.' 3ooL1n$I' f2c123 5usc3es We.$.' e5ot1on23 eM+ress1onI' 51663e e2r
5usc3es We.$.' eMtr2ct1n$ hu52n :o1ce fro5 E2cL$roun6 no1seI' 5usc3e of 52st1c2t1on We.$.' 1n$est1onI' 32r9n$e23
2n6 +h2r9n$e23 5usc3es We.$.' :oc231G2t1on 2n6 32n$u2$eI' 2n6 he26 turn1n$ 5usc3es We.$.' soc123 $esture 2n6
or1ent2t1onI. >o33ect1:e39' these 5usc3es funct1on 2s f13ters th2t 3151t soc123 st15u31 We.$.' oEser:1n$ f2c123 fe2tures
2n6 31sten1n$ to hu52n :o1ceI 2n6 6eter51n2nts of en$2$e5ent F1th the soc123 en:1ron5ent. Dhe neur23 contro3
of these 5usc3es 6eter51nes soc123 eM+er1ences. An 2661t1on' the source nuc3e1 W1.e.' 3oFer 5otor neuronsI of
these ner:es' Fh1ch 2re 3oc2te6 1n the Er21nste5' co55un1c2te 61rect39 F1th 2n 1nh1E1tor9 neur23 s9ste5 th2t
s3oFs he2rt r2te' 3oFers E3oo6 +ressure' 2n6 2ct1:e39 re6uces 2rous23 to +ro5ote c235 st2tes cons1stent F1th the
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5et2Eo31c 6e52n6s of $roFth 2n6 restor2t1on of our neuro+h9s1o3o$1c23 s9ste5s. ;1rect cort1coEu3E2r +2thF29s
ref3ect the 1nf3uence of front23 2re2s of the corteM W1.e.' u++er 5otor neuronsI on the re$u32t1on of th1s s9ste5.
Xoreo:er' 2fferent fee6E2cL throu$h the :2$us to 5e6u332r9 2re2s We.$.' nuc3eus of the so31t2r9 tr2ctI 1nf3uences
foreEr21n 2re2s th2t 2re 2ssu5e6 to Ee 1n:o3:e6 1n se:er23 +s9ch12tr1c 61sor6ers. An 2661t1on' the 2n2to51c23
structures 1n:o3:e6 1n the soc123 en$2$e5ent s9ste5 h2:e neuro+h9s1o3o$1c23 1nter2ct1ons F1th the ^!A 2M1s' the
neuro+e+t16es of oM9toc1n 2n6 :2so+ress1n' 2n6 the 155une s9ste5.N 

Ansert F1$ure H 2Eout here  

Dhe stu69 of co5+2r2t1:e 2n2to59' e:o3ut1on2r9 E1o3o$9' 2n6 e5Er9o3o$9 529 +ro:16e 15+ort2nt h1nts re$2r61n$
the funct1on23 re32t1on EetFeen the neur23 contro3 of f2c123 5usc3es 2n6 e5er$ent +s9cho3o$1c23 eM+er1ences 2n6
Eeh2:1or. Dhe ner:es th2t contro3 the 5usc3es of the f2ce 2n6 he26 sh2re se:er23 co55on fe2tures. !2thF29s
fro5 f1:e cr2n123 ner:es contro3 the 5usc3es of the f2ce 2n6 he26.  >o33ect1:e39' these +2thF29s 2re 32Ee3e6 2s
s+ec123 :1scer23 efferent. )+ec123 :1scer23 efferent ner:es 1nner:2te str12te6 5usc3es' Fh1ch re$u32te the
structures 6er1:e6 6ur1n$ e5Er9o3o$9 fro5 the 2nc1ent $133 2rches.Hb Dhe s+ec123 :1scer23 efferent +2thF29s
re$u32te the 5usc3es of 52st1c2t1on We.$.' 1n$est1onI' 5usc3es of the 51663e e2r We.$.' 31sten1n$ to hu52n :o1ceI'
5usc3es of the f2ce We.$.' e5ot1on23 eM+ress1onI' 5usc3es of 32r9nM 2n6 +h2r9nM We.$.' +roso69 2n6 1nton2t1onI'
2n6 5usc3es contro331n$ he26 t13t 2n6 turn1n$ We.$.' $estureI. An f2ct' the neur23 +2thF29 th2t r21ses the e9e316s
23so tenses the st2+e61us 5usc3e 1n the 51663e e2r' Fh1ch f2c131t2tes he2r1n$ hu52n :o1ce. Dhus' the neur23
5ech2n1s5s for 52L1n$ e9e cont2ct 2re sh2re6 F1th those nee6e6 to 31sten to hu52n :o1ce. As 2 c3uster' the
61ff1cu3t1es 1n $2Ge' eMtr2ct1on of hu52n :o1ce' f2c123 eM+ress1on' he26 $esture 2n6 +roso69 2re co55on
fe2tures of 1n61:16u23s F1th 2ut1s5.  

Disorders of the social engagement system: Maladaptive or adaptive behavioral strategies?  
An61:16u23s F1th se:er23 +s9ch12tr1c 2n6 Eeh2:1or23 61sor6ers h2:e 61ff1cu3t1es 1n est2E31sh1n$ 2n6 521nt21n1n$
re32t1ons. )e:er23 c31n1c23 612$nost1c c2te$or1es 1nc3u6e fe2tures 2ssoc12te6 F1th 61ff1cu3t1es Eoth 1n eM+ress1n$
soc123 Eeh2:1or 2n6 1n re261n$ soc123 cues W1.e.' soc123 2F2renessI. Dhese fe2tures 2re oEser:e6 1n 1n61:16u23s
F1th 2 :2r1et9 of +r152r9 +s9ch12tr1c 612$noses 1nc3u61n$ 2ut1s5' soc123 2nM1et9' +osttr2u52t1c stress 61sor6er'
2n6 re2ct1:e 2tt2ch5ent 61sor6er. 

A3thou$h 2 co5+ro51se6 soc123 en$2$e5ent s9ste5 resu3ts 1n \523262+t1:e] soc123 Eeh2:1or' 6o these 2soc123
Eeh2:1or23 str2te$1es h2:e  \262+t1:e] fe2turesc Dhe +h93o$en9 of the :erteEr2te 2utono51c ner:ous s9ste5
ser:es 2s 2 $u16e W1.e.' the !o39:2$23 Dheor9I to un6erst2n6 these 262+t1:e fe2tures. !h93o$enet1c2339' the
:erteEr2te 2utono51c ner:ous s9ste5 fo33oFs three $ener23 st2$es of 6e:e3o+5ent. 42ch st2$e su++orts 2
61fferent c2te$or9 of Eeh2:1or F1th on39 the +h93o$enet1c2339 5ost recent 1nno:2t1on W1.e.' the 59e31n2te6 :2$usI
su++ort1n$ soc123 en$2$e5ent Eeh2:1ors. )1nce the neur23 re$u32t1on of the 59e31n2te6 :2$us 1s 1nte$r2te6 1nto
the soc123 en$2$e5ent s9ste5' Fhen the soc123 en$2$e5ent s9ste5 1s co5+ro51se6 the effects 2re Eoth
Eeh2:1or23 2n6 2utono51c. Dhe resu3t2nt ch2n$es 1n 2utono51c st2te su++ort 2 r2n$e of 262+t1:e 6efens1:e
Eeh2:1ors. )+ec1f1c2339' the co5+ro51se6 soc123 en$2$e5ent s9ste5 1s 2ssoc12te6' neuro+h9s1o3o$1c2339' F1th 2
ch2n$e 1n 2utono51c re$u32t1on ch2r2cter1Ge6 E9 2 re6uct1on 1n the 1nf3uence of the 59e31n2te6 :2$us W1.e.'
:entr23 :2$23 co5+3eM 1nc3u61n$ nuc3eus 25E1$uusI on the he2rt. Dhe re5o:23 of the re$u32tor9 1nf3uence of the
:entr23 :2$23 co5+3eM on the he2rt +otent12tes the eM+ress1on of the tFo +h93o$enet1c2339 o36er neur23 s9ste5s
W1.e.' s95+2thet1c ner:ous s9ste5' 6ors23 :2$23 co5+3eM 1nc3u61n$ 6ors23 nuc3eus of the :2$usI. Dhese tFo o36er
neur23 s9ste5s foster 5oE131G2t1on Eeh2:1ors of f1$ht 2n6 f31$ht :12 the s95+2thet1c ner:ous s9ste5 or
155oE131G2t1on Eeh2:1ors of 6e2th fe1$n1n$' freeG1n$ 2n6 Eeh2:1or23 shut 6oFn :12 the 6ors23 :2$23 co5+3eM. 

Neuroception: A nervous system evaluation of risk  
.hen 1n61:16u23s 5eet' Fh2t 6eter51nes the E1oEeh2:1or23 seOuence 2n6 conseOuence of the1r 1n1t123
1nter2ct1onsc .h2t conteMtu23 fe2tures 2n6 neur23 5ech2n1s5s tr1$$er Fhether 2n 1n61:16u23 eM+resses
+rosoc123 en$2$e5ent or the s+ec1f1c 6efens1:e Eeh2:1ors of f1$ht' f31$ht' or freeGec Re$2r63ess of the 5o6e3 of
2tt2ch5ent or 1ts 6e+en6ence on co$n1t1:e' 2ffect1:e' Eeh2:1or23' or E1o3o$1c23 constructs' the cr1t1c23 fe2tures
th2t 6eter51ne the :23ence of the 1nter2ct1on 2re re32te6 to +erce1:e6 s2fet9. Dhus' the +erce+t1on of s2fet9 1s the
turn1n$ +o1nt 1n the 6e:e3o+5ent of re32t1onsh1+s for 5ost 525523s. Dhe +erce+t1on of s2fet9 6eter51nes
Fhether the Eeh2:1or F133 Ee +rosoc123 W1.e. soc123 en$2$e5entI or 6efens1:e. Af the conteMt 2n6 the other
1n61:16u23 2re +erce1:e6 2s s2fe then the c2n6162tes for the soc123 Eon6 529 1nh1E1t the 262+t1:e +r151t1:e
neuroE1o3o$1c23 re2ct1ons of 6efense to 233oF the eM+ress1on of soc123 en$2$e5ent. Dhe three st2$es of the
!o39:2$23 Dheor9 2rt1cu32te the neur23 s9ste5s th2t 2re 2:2132E3e for soc123 en$2$e5ent 2n6 the 6efens1:e
Eeh2:1ors of f1$ht' f31$ht' 2n6 freeGe. ^oFe:er' hoF 2re the 262+t1:e neuroE1o3o$1c23 s9ste5s for 6efense
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funct1on2339 suE6ue6 to 1nsure th2t 2tt2ch5ent 2n6 the for52t1on of soc123 Eon6s F133 Ee the +ro6ucts of
2++ro+r12te soc123 en$2$e5entc

<efore 2 soc123 Eon6 c2n occur' Eoth 1n61:16u23s h2:e to +erce1:e e2ch other 2s s2fe. .h2t 5e612tes the
1n61:16u23[s 2E131t9 to en$2$ec .h9 Fou36 2n 1nf2nt 3ooL 2n6 coo 2t 2 c2re$1:er' Fh13e $2Ge 2:ert 2n6 cr9 2s 2
str2n$er 2++ro2che6c .h9 Fou36 2 $ent3e e5Er2ce Ee eM+er1ence6 2s +3e2sur2E3e Fhen eM+resse6 E9 2 3o:er
2n6 Ee eM+er1ence6 2s 2ss2u3t Fhen eM+resse6 E9 2 str2n$erc X25523s h2:e 262+t1:e neuroEeh2:1or23
s9ste5s for Eoth 6efens1:e 2n6 soc123 en$2$e5ent Eeh2:1ors. ^oFe:er' Fh2t en2E3es en$2$e5ent Eeh2:1ors to
occur' Fh13e 61sen2E31n$ the 5ech2n1s5s of 6efensec Dhe !o39:2$23 Dheor9 F1th 1ts focus on the +h93o$en9 of
the :erteEr2te 2utono51c ner:ous s9ste5 +ro:16es 2 +ers+ect1:e to 16ent1f9 2n6 to un6erst2n6 the +32us1E3e
5ech2n1s5s th2t en2E3e 525523s to funct1on2339 sF1tch EetFeen +os1t1:e soc123 en$2$e5ent 2n6 6efens1:e
Eeh2:1or23 str2te$1es. Do effect1:e39 sF1tch fro5 6efens1:e to soc123 en$2$e5ent str2te$1es' the 52552312n
ner:ous s9ste5 nee6s to +erfor5 tFo 15+ort2nt +rocesses8 HI to 2ssess r1sL' 2n6 JI 1f the en:1ron5ent 1s
+erce1:e6 2s s2fe' to 1nh1E1t the 5ore +r151t1:e 315E1c structures th2t contro3 f1$ht' f31$ht' or freeGe Eeh2:1ors.

Dhe ner:ous s9ste5' throu$h the +rocess1n$ of sensor9 1nfor52t1on fro5 the en:1ron5ent' cont1nuous39
e:23u2tes r1sL. )1nce the neur23 e:23u2t1on of r1sL 6oes not reOu1re consc1ous 2F2reness' the ter5
neuroception 1s 1ntro6uce6 to e5+h2s1Ge the neur23 c1rcu1ts th2t funct1on 2s 2 s2fet9=thre2t 6etect1on s9ste5
c2+2E3e of 61st1n$u1sh1n$ 25on$ s1tu2t1ons th2t 2re s2fe' 62n$erous' or 31fe thre2ten1n$. ;ue to the +h93o$enet1c
her1t2$e of 525523s' neuroce+t1on c2n o+er2te F1thout co$n1t1:e 2F2reness :12 re32t1:e39 +r151t1:e
5ech2n1s5s th2t 2re 6e+en6ent u+on suEcort1c23 structures We.$.' 315E1cI.  As 2 +ro6uct of e:o3ut1on' neF neur23
s9ste5s e:o3:e6 1n 525523s th2t 1n:o3:e6 cort1c23 re$u32t1on of suEcort1c23 structures 2n6' 1n 52n9 1nst2nces'
co=o+te6 the 6efense funct1ons of the +r151t1:e structures to su++ort other funct1ons 1nc3u61n$ those re32te6 to
re+ro6uct1:e Eeh2:1or 2n6 +21r Eon61n$.` 

<2se6 on the re32t1:e r1sL of the en:1ron5ent' Eoth soc123 en$2$e5ent 2n6 6efense Eeh2:1ors 529 Ee
1nter+rete6 2s e1ther 262+t1:e or 523262+t1:e. For eM25+3e' the 1nh1E1t1on of 6efense s9ste5s E9 the soc123
en$2$e5ent s9ste5 Fou36 Ee 262+t1:e 2n6 2++ro+r12te on39 1n 2 s2fe en:1ron5ent. Fro5 2 c31n1c23 +ers+ect1:e
1t Fou36 Ee the 1n2E131t9 to 1nh1E1t 6efense s9ste5s 1n s2fe en:1ron5ents We.$.' AnM1et9 ;1sor6ers' Re2ct1:e
Att2ch5ent ;1sor6erI or the 1n2E131t9 to 2ct1:2te 6efense s9ste5s 1n r1sL en:1ron5ents We.$.' .133125s )9n6ro5eI
th2t 51$ht contr1Eute to the 6ef1n1n$ fe2tures of +s9cho+2tho3o$9. Dhus' 2n 1n:2316 neuroce+t1on of s2fet9 or
62n$er 51$ht contr1Eute to 523262+t1:e +h9s1o3o$1c23 re2ct1:1t9 2n6 the eM+ress1on of the 6efens1:e Eeh2:1ors
2ssoc12te6 F1th s+ec1f1c +s9ch12tr1c 61sor6ers.

Dhere 1s 2 co55on fe2ture EetFeen the 1n:2316 neuroce+t1on th2t 16ent1f1es r1sL Fhen no r1sL 1s there 2n6
Xc4Fen[s conce+t of \233ost2t1c 3o26.]HH Dhe +h9s1o3o$1c23 re2ct1on to 2 :2316 r1sL' 23thou$h 5et2Eo31c2339 cost39'
1s 262+t1:e. Dhus' the 1ncre2se6 5et2Eo31c 2ct1:1t9 necess2r9 to su++ort the 5oE131G2t1on Eeh2:1ors of f1$ht 2n6
f31$ht 2re 262+t1:e 1n the short ter5' Eut cost39 to the or$2n1s5 1f 521nt21ne6. Dhe 6ur2t1on of the res+onse 1s 2n
15+ort2nt fe2ture th2t 61st1n$u1shes EetFeen 262+t1:e 2n6 523262+t1:e re2ct1ons. Dhe co5+3eM 52552312n
ner:ous s9ste5 e:o3:e6 F1th 2 $re2t 6e+en6ence on oM9$en 2n6' un31Le the re+t13e' c2n sur:1:e on39 for short
+er1o6s F1thout oM9$en. Dhus' Ere2th ho361n$ for 525523s 1s 262+t1:e on39 for short +er1o6s. An contr2st' 2+ne2
1s 262+t1:e for re+t13es' Fho 6ue to the1r 3151te6 nee6s for oM9$en c2n 1nh1E1t Ere2th1n$ for 3on$ +er1o6s' Fh13e
2+ne2 1s +otent12339 3eth23 for 525523s.HJ )15132r39' te5+or23 fe2tures' 1n +2rt' 6eter51ne the construct of
233ost2t1c 3o26. Xc4Fen 6escr1Ees chron1c stress or 233ost2t1c st2te 2s 2 +h9s1o3o$1c23 res+onse th2t' 23thou$h
h2:1n$ 262+t1:e funct1ons 1n the short ter5' c2n Ee 6252$1n$ 1f e5+3o9e6 for 3on$ +er1o6s Fhen 1t 1s no 3on$er
nee6e6 W1.e.' 1n:2316 neuroce+t1onI. Dh1s cost of 262+t2t1on or \523262+t2t1on'] Xc4Fen refers to 2s \233ost2t1c
3o26.]  

Safety Trumps Fear
An s2fe en:1ron5ents' 2utono51c st2te 1s 262+t1:e39 re$u32te6 to 625+en s95+2thet1c 2ct1:2t1on 2n6 to +rotect
the oM9$en 6e+en6ent centr23 ner:ous s9ste5 fro5 the 5et2Eo31c2339 conser:2t1:e re2ct1ons of the 6ors23 :2$23
co5+3eM. ^oFe:er' hoF 6oes the ner:ous s9ste5 LnoF Fhen the en:1ron5ent 1s s2fe' 62n$erous' or 31fe
thre2ten1n$ 2n6 Fh2t neur23 5ech2n1s5s e:23u2te r1sL 1n the en:1ron5entc 

NeF techno3o$1es' such 2s fXRA' h2:e 16ent1f1e6 s+ec1f1c neur23 structures th2t 2re 1n:o3:e6 1n 6etect1n$ r1sL.
Dhe te5+or23 3oEe 1s of +2rt1cu32r 1nterest 1n eM+2n61n$ the construct of neuroce+t1on 2n6 1n 16ent1f91n$ neur23
5ech2n1s5s th2t 5o6u32te the eM+ress1on of 262+t1:e 6efens1:e Eeh2:1ors 2n6 2utono51c st2tes. Funct1on23
152$1n$ techn1Oues 6ocu5ent th2t 2re2s of the te5+or23 corteM' fus1for5 $9rus WFdI 2n6 su+er1or te5+or23
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su3cus W)D)I' 2re 1n:o3:e6 1n 6etect1n$ fe2tures such 2s 5o:e5ents' :oc231G2t1ons' 2n6 f2ces' Fh1ch contr1Eute
to 2n 1n61:16u23 Ee1n$ +erce1:e6 2s s2fe or trustForth9.HK'HN  )31$ht ch2n$es 1n these st15u31 c2n +ose thre2t or
s1$n23 en6e2r5ent. >onnect1:1t9 EetFeen these 2re2s of the te5+or23 corteM 2n6 the 259$6232 su$$ests 2 to+=
6oFn contro3 1n the +rocess1n$ of f2c123 fe2tures th2t cou36 2ct1:e39 1nh1E1t 2ct1:1t9 of the structures 1n:o3:e6 1n
the eM+ress1on of 6efens1:e str2te$1es.HP 

Neuro2n2to51c23 2n6 neuro+h9s1o3o$1c23 rese2rch F1th 2n1523s +ro:16es 2661t1on23 1nfor52t1on re$2r61n$ the
5o6u32t1on 2n6 1nh1E1t1on of 6efens1:e Eeh2:1ors :12 Fe33 6ef1ne6 connect1ons EetFeen the 259$6232 2n6 the
+er12cOue6uct23 $r29 W!AdI. Dhe !Ad 1s 2 hetero$enous 516Er21n structure th2t cons1sts of $r29 52tter
surroun61n$ the cereEr23 2Oue6uct th2t connects the th1r6 2n6 fourth :entr1c3es.   )tu61es h2:e 16ent1f1e6 2re2s
of the !Ad th2t 2re or$2n1Ge6 to re$u32te f31$ht' f1$ht' or freeGe Eeh2:1ors 2n6 the 2utono51c st2tes th2t su++ort
these Eeh2:1ors.HQ  )t15u32t1n$ rostr2339 F1th1n the 32ter23 2n6 6orso32ter23 !Ad +ro6uces confront2t1on23
6efens1:e Eeh2:1ors W1.e.' f1$htI' Fh13e st15u32t1n$ c2u62339 F1th1n the 32ter23 !Ad 2n6 6orso32ter23 !Ad +ro6uces
esc2+e Eeh2:1ors W1.e.' f31$htI. Autono51c sh1fts such 2s 1ncre2ses 1n he2rt r2te 2n6 E3oo6 +ressure +2r233e3 these
Eeh2:1ors. An contr2st' st15u32t1on 1n the re$1on of the !Ad :entro32ter23 to the 2Oue6uct W:3!AdI e:oLes 2
+2ss1:e re2ct1on of 155oE131t9' 2 6ro+ 1n E3oo6 +ressure' 2n6 2 s3oF1n$ of he2rt r2te. Anterest1n$39' eMc1t2t1on of
the :3!Ad e:oLes 2n o+1o16=5e612te6 2n23$es12 th2t 51$ht 262+t1:e39 r21se +21n thresho36s. An 2661t1on' there 1s
e:16ence of 2 funct1on23 connect1on EetFeen the centr23 nuc3eus of the 259$6232 2n6 the :3!Ad th2t 5o6u32tes
Eoth 2nt1noc1ce+t1on 2n6 155oE131G2t1on.He >ons1stent F1th the !o39:2$23 Dheor9' the :3!Ad co55un1c2tes F1th
6ors23 :2$23 co5+3eM' Fh13e the 3!Ad 2n6 63!Ad co55un1c2te F1th the s95+2thet1c ner:ous s9ste5. 

An the 2Esence of thre2t' 1nh1E1tor9 +roTect1ons fro5 the Fd 2n6 )D) to the 259$6232 Fou36 Ee 2:2132E3e to
2ct1:e39 1nh1E1t the 315E1c 6efense s9ste5s. Dh1s 1nh1E1t1on Fou36 +ro:16e 2n o++ortun1t9 for soc123 Eeh2:1or to
occur. Dhus' the 2++e2r2nce of 2 fr1en6 or 52te Fou36 suE6ue the 315E1c 2ct1:2t1on F1th the E1oEeh2:1or23
conseOuences of 233oF1n$ +roM151t9' +h9s1c23 cont2ct' 2n6 other soc123 en$2$e5ent Eeh2:1ors. An contr2st'
6ur1n$ s1tu2t1ons 1n Fh1ch the 2++r21s23 of r1sL 1s h1$h' the 259$6232 2n6 :2r1ous 2re2s of the !Ad 2re 2ct1:2te6.
Dhe 259$6232 2n6 !Ad on39 sh2re connect1ons throu$h the centr23 nuc3eus.H` 

Dhe 6etect1on of s2fet9 suE6ues the 262+t1:e 6efens1:e s9ste5s 6e+en6ent on 315E1c structures.  Dhus'
+ro:161n$ 2 +32us1E3e 5o6e3 of hoF 2 neur23 6etect1on of en:1ron5ent23 r1sL W1.e.' neuroceptionI Fou36 5o6u32te
Eeh2:1or 2n6 +h9s1o3o$1c23 st2te to su++ort 262+t1:e Eeh2:1ors 1n res+onse to s2fe' 62n$erous' 2n6 31fe
thre2ten1n$ en:1ron5ents. >once+tu2339' the +rocess of 6etect1n$ s2fet9 1s 1nc3us1:e of the 6etect1on of r1sL.
Dhus' the neur23 c1rcu1ts th2t 5e612te the 5ore +r151t1:e 6efense s9ste5s h2:e throu$h the +rocesses of
e:o3ut1on Eeen co=o+te6 to su++ort the soc123 Eeh2:1or necess2r9 for 52552312n sur:1:23. Dhese Eeh2:1ors
1nc3u6e soc123 en$2$e5ent 2n6 the Eeh2:1ors 2ssoc12te6 F1th soc123 Eon61n$ We.$.' re+ro6uct1:e Eeh2:1ors 2n6
nurs1n$I.  

Co-opting the immobilization defense system for reproductive behaviors, nursing, and the formation of
social bonds.
A55oE131G2t1on 2s 2 6efense s9ste5 1s +h93o$enet1c2339 o36 2n6 1s 2ssoc12te6 F1th re6uce6 5et2Eo31c 6e52n6s
2n6 1ncre2se6 +21n thresho36. An re+t13es' 6ue the1r 3151te6 nee6 for oM9$en' 155oE131G2t1on 1s 2 :er9 effect1:e
6efense str2te$9. An contr2st' s1nce 525523s h2:e 2 $re2t nee6 for oM9$en' the 1nh1E1t1on of 5o:e5ent cou+3e6
F1th 2 sh1ft 1n 2utono51c st2te to su++ort the 155oE1G2t1on Eeh2:1or W1.e.' 2+ne2 2n6 Er269c2r612I c2n Ee
3eth23.Ha'Jb ^oFe:er' se:er23 2s+ects of 52552312n soc123 Eeh2:1or reOu1re 155oE131G2t1on' Eut 155oE131G2t1on
F1thout fe2r. A55oE131G2t1on F1thout fe2r 1s 2cco5+31she6 E9 co=o+t1n$ the structures th2t re$u32te 155oE131G2t1on
2n6 +21n thresho36s to ser:e 2 Ero26 r2n$e of soc123 nee6s 1nc3u61n$ re+ro6uct1on' nurs1n$' 2n6 +21r=Eon61n$.
<9 focus1n$ on the 2re2 of the !Ad th2t coor61n2tes freeG1n$ Eeh2:1or Fe c2n see hoF 2 +r151t1:e
155oE131G2t1on 6efense s9ste5 h2s Eeen 5o61f1e6 throu$h e:o3ut1on to ser:e the 1nt152te soc123 nee6s of
525523s. An 2661t1on' Fhen Fe stu69 the :3!Ad Fe f1n6 th2t 1t 1s r1ch 1n rece+tors for oM9toc1n' 2 neuro+e+t16e
2ssoc12te6 F1th +2rtu1t1on' nurs1n$' 2n6 the est2E31sh5ent of +21r Eon6s.JH'JJ  

V:er32++1n$ F1th the 2re2 of the !Ad th2t or$2n1Ges 155oE131t9 W1.e.' :3!AdI 2re 2re2s th2t Fhen st15u32te6
+ro6uce 3or6os1s 2n6 L9+hos1s. Dhe 3or6os1s ref3eM 1s 2 hor5one=6e+en6ent Eeh2:1or 61s+329e6 E9 fe523e
ro6ents 2n6 other 52552312n s+ec1es 6ur1n$ 52t1n$. An 5ost 525523s 3or6os1s 1n:o3:es the fe523e
155oE131G1n$ 1n 2 crouch1n$ +osture F1th her h1n6 en6 2:2132E3e to the 523e for co+u32t1on. Neur23 tr2c1n$ stu61es
h2:e 6e5onstr2te6 th2t the :3!Ad 1s +2rt of the neur23 c1rcu1t 1n:o3:e6 1n re$u32t1n$ 3or6os1s.JK f9+hos1s 1s 2n
u+r1$ht crouch1n$ +osture th2t 1s 2cco5+2n1e6 E9 1nh1E1t1on of 315E 5o:e5ents. Dh1s +osture 1s st15u32te6 E9
n1++3e 2tt2ch5ent 2n6 +ro:16es 2n o++ortun1t9 for the 625 to fee6 s15u3t2neous39 2 32r$e 31tter. .hen 625s
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1n1t12t2te 2 nurs1n$ Eout' Eeh2:1or23 st2te sh1fts 155e612te39 fro5 h1$h 2ct1:1t9 to 155oE131t9.JN .hen the c2u623
+ort1on of the :3!Ad 1s 3es1one6 there 2re 15+ort2nt conseOuences8 HI L9+hot1c nurs1n$ 6ecre2ses' JI 31tter
Fe1$ht $21ns 6ecre2se' 2n6 KI the 3es1one6 r2ts 2re 5ore 2$$ress1:e 2n6 5ore freOuent39 2tt2cL str2n$e
523es.JP 

Test of the Model 
Dhe +rocesses of 2tt2ch5ent 2n6 the for52t1on of soc123 Eon6s reOu1re 2++ro+r12te soc123 en$2$e5ent
str2te$1es. An the sect1ons 2Eo:e e3e5ents of 2 +re3151n2r9 5o6e3 th2t 31nLs soc123 en$2$e5ent to 2tt2ch5ent
2n6 the for52t1on of soc123 Eon6s 2re +resente6. Dhe 5o6e3 1s eM+2n6e6 fro5 the !o39:2$23 Dheor9 2n6
e5+h2s1Ges the fo33oF1n$ +o1nts8 HI there 2re Fe33 6ef1ne6 neur23 c1rcu1ts to su++ort soc123 en$2$e5ent
Eeh2:1ors 2n6 the 6efens1:e str2te$1es of f1$ht' f31$ht' 2n6 freeGe' JI F1thout Ee1n$ 6e+en6ent on consc1ous
2F2reness the ner:ous s9ste5 e:23u2tes r1sL 1n the en:1ron5ent 2n6 re$u32tes the eM+ress1on of 262+t1:e
Eeh2:1or to 52tch the neuroce+t1on of 2 s2fe' 62n$erous' or 31fe thre2ten1n$ en:1ron5ent' KI soc123 en$2$e5ent
Eeh2:1ors 2n6 the Eenef1ts of the +h9s1o3o$1c23 st2tes 2ssoc12te6 F1th soc123 su++ort reOu1re 2 neuroce+t1on of
s2fet9' NI soc123 Eeh2:1ors 2ssoc12te6 F1th nurs1n$' re+ro6uct1on' 2n6 the for52t1on of stron$ +21r Eon6s reOu1re
155oE131G2t1on F1thout fe2r' 2n6 PI 155oE131G2t1on F1thout fe2r 1s 5e612te6 E9 2 co=o+t1n$ of the neur23 c1rcu1t
re$u32t1n$ 6efens1:e freeG1n$ Eeh2:1ors throu$h the 1n:o3:e5ent of oM9toc1n' 2 neuro+e+t16e 1n:o3:e6 1n the
for52t1on of soc123 Eon6s.JQ'Je  

Ansert F1$ure J' K' 2n6 N 2Eout here

F1$ures J' K' 2n6 N 133ustr2te the ro3e th2t neuroce+t1on +329s 1n 6eter51n1n$ the neur23 c1rcu1ts recru1te6 to
re$u32te soc123 en$2$e5ent' f1$ht' f31$ht' 2n6 freeGe Eeh2:1ors. 42ch F1$ure 133ustr2tes 2 61fferent en:1ron5ent
conteMt W1.e.' s2fe' 62n$erous' 31fe thre2tI. F1$ure J 133ustr2tes the 2ssu5e6 neur23 c1rcu1ts 1n:o3:e6 1n +ro5ot1n$
soc123 en$2$e5ent Eeh2:1ors 1n 2 s2fe conteMt. Dhe 6etect1on of s2fe or trustForth9 fe2tures 6er1:e6 fro5 f2ce'
:o1ce 2n6 5o:e5ent 2ct1:2te 2 neur23 c1rcu1t th2t +roTects fro5 the te5+or23 corteM W1.e.' fus1for5 $9rus' su+er1or
te5+or23 su3cusI to the centr23 nuc3eus of the 259$6232 to 1nh1E1t 6efens1:e 315E1c funct1ons Wsee F1$ures K 2n6
NI. Dh1s c1rcu1t 61sen2E3es the 315E1c 6efense s9ste5s th2t or$2n1Ge 2n6 re$u32te f1$ht' f31$ht' 2n6 freeGe
Eeh2:1ors 2n6 en2E3es the cort1coEu3E2r +2thF29s th2t re$u32te the soc123 en$2$e5ent Eeh2:1ors Wsee F1$ure
HI. F1$ure K 133ustr2tes the neur23 c1rcu1ts 1n:o3:e6 1n 2 res+onse to 2 neuroce+t1on of 62n$er. An res+onse to
62n$er the 315E1c 6efense c1rcu1ts funct1on to 262+t1:e39 +rotect the 1n61:16u23. Dhe s+ec1f1c1t9 of the 6efense
str2te$9' Fhether confront2t1on23 or 2:o162nt W1.e.' f1$ht or f31$htI' 1s re$u32te6 E9 the !Ad. Do su++ort these
5oE131G2t1on Eeh2:1ors' the s95+2thet1c ner:ous s9ste5 1s 2ct1:2te6 2n6 6o51n2tes 2utono51c st2te. F1$ure N
133ustr2tes the neur23 c1rcu1ts 1n:o3:e6 1n res+onse to 31fe thre2t.  An res+onse to 31fe thre2t the 52552312n
ner:ous s9ste5 +ro5otes 155oE131G2t1on or freeG1n$ Eeh2:1or. FreeG1n$' 2s 2 6efense str2te$9' 1s coor61n2te6
E9 the !Ad. Do 1nh1E1t 5et2Eo31c 2ct1:1t9 6ur1n$ 155oE131G2t1on 2utono51c st2te 1s un6er the contro3 of the 6ors23
:2$23 co5+3eM. As +ro+ose6 E9 the !o39:2$23 Dheor9' the 2utono51c re2ct1ons 6ur1n$ e2ch 262+t1:e Eeh2:1or23
str2te$9 1s h1er2rch1c2339 or$2n1Ge6 fo33oF1n$ the +h93o$en9 of Eoth the ch2n$es 1n the :erteEr2te 2utono51c
ner:ous s9ste5 2n6 ch2n$es 1n the Eeh2:1or23 re+erto1re fro5 155oE131G2t1on to 5oE131G2t1on to soc123
en$2$e5ent.

Dhe 2E131t9 to e:23u2te Fhether the en:1ron5ent 1s s2fe or 1f 2 +erson 1s trustForth9 1s 61ff1cu3t for
1n61:16u23s F1th 2 :2r1et9 of +s9ch12tr1c 612$noses. >urrent rese2rch su$$ests th2t the 2re2s 1n the te5+or23
corteM W1.e.' Fd' )D)I' Fh1ch 2re 2ssu5e6 to 1nh1E1t 315E1c 6efense re2ct1ons' 2re not 2ct1:2te6 1n c31n1c23
+o+u32t1ons th2t h2:e 61ff1cu3t1es F1th soc123 en$2$e5ent Eeh2:1ors We.$.' 2ut1s5' sch1Go+hren12I. Xoreo:er'
1n61:16u23s 612$nose6 F1th other +s9ch12tr1c 61sor6ers such 2s 2nM1et9 61sor6ers 2n6 6e+ress1on' Fh1ch h2:e 2s
612$nost1c fe2tures co5+ro51se6 soc123 Eeh2:1or' h2:e 61ff1cu3t1es 1n re$u32t1n$ :1scer23 st2te We.$.' 3oFer :2$23
re$u32t1on of the he2rtI 2n6 su++ort1n$ soc123 en$2$e5ent Eeh2:1ors We.$.' re6uce6 f2c123 eM+ress1:eness 2n6
5otor contro3 of the str12te6 5usc3es of the f2ce 2n6 he26I.  Dhus' fro5 2 theoret1c23 +ers+ect1:e' 2 +otent123
root of se:er23 +s9ch12tr1c 61sor6ers 51$ht Ee 31nLe6 to 2n 1n2E131t9 to 6etect s2fet9 1n the en:1ron5ent 2n6
trustForth1ness fro5 1nter2ct1ons 2n6' thus' the 1n2E131t9 to eM+ress 2++ro+r12te soc123 en$2$e5ent Eeh2:1ors. 

Dhe stu69 of 2tt2ch5ent 61sor6ers such 2s Re2ct1:e Att2ch5ent ;1sor6er WRA;I +ro:16es 2n 1ntr1$u1n$ test of
the cr1t1c23 ro3e of neuroce+t1on 1n 5e612t1n$ 2++ro+r12te 2tt2ch5ent 2n6 soc123 Eeh2:1or. Re2ct1:e 2tt2ch5ent
61sor6er WRA;I 1s 6escr1Ee6 1n Eoth the ;)X=AY WA5er1c2n !s9ch12tr1c Assoc12t1on' HaaNI 2n6 the A>;=Hb
W.or36 ^e23th Vr$2n1G2t1on' HaaJI +s9ch12tr1c 612$nost1c 52nu23s.  RA; co5+r1ses tFo c31n1c23 +2tterns W1.e.'
1nh1E1te6 2n6 un1nh1E1te6 suEt9+esI. Dhe 1nh1E1te6 suEt9+e 1s ch2r2cter1Ge6 E9 2n e5ot1on2339 F1th6r2Fn'
unres+ons1:e +2ttern 1n Fh1ch there 1s 2n 2Esence of 2tt2ch5ent Eeh2:1ors. Dhe 61s1nh1E1te6 suEt9+e 1s
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ch2r2cter1Ge6 E9 1n61scr151n2te 2tt2ch5ent' Fh1ch 1s often 61recte6 2t str2n$ers. Dhese +2tterns h2:e Eeen
6escr1Ee6 1n 1nst1tut1on231Ge6 2n6 523tre2te6 ch136ren.J` Fro5 2 neuroce+t1on +ers+ect1:e' 1n Eoth suEt9+es' the
e:23u2t1on of the r1sL 1n the en:1ron5ent 1s not 2ccur2te.  

Recent rese2rch on the outco5es of ch136ren r21se6 1n 1nst1tut1ons 1n Ro52n12 h2s st15u32te6 1nterest 1n RA;
2n6 1n 6e:e3o+1n$ 1nter:ent1on str2te$1es to re5e612te these 6e:2st2t1n$ 61sturE2nces 1n soc123 6e:e3o+5ent. Af
2n 2ccur2te neuroce+t1on of the en:1ron5ent 1s necess2r9 for nor523 soc123 Eeh2:1or' then Fh2t fe2tures 1n the
en:1ron5ent 51$ht +otent12te nor523 soc123 6e:e3o+5entc A recent stu69 of Ro52n12n to663ersJa +ro:16es
1ns1$ht 1nto the +rocess. An th1s stu69 1n61ces of RA; Fere e:23u2te6 1n ch136ren 2s 2 funct1on of the nu5Eer of
61fferent c2re$1:ers. DFo $rou+s of 1nst1tut1on231Ge6 ch136ren Fere e:23u2te6 2n6 contr2ste6 to ch136ren Fho
Fere ne:er 1nst1tut1on231Ge6. Vne $rou+ cons1ste6 of the st2n62r6 1nst1tut1on un1t 1n Fh1ch Jb 61fferent c2re$1:ers
ForLe6 rot2t1n$ sh1fts F1th 2++roM152te39 K c2re$1:ers for Kb ch136ren on e2ch sh1ft. A secon6 $rou+ cons1ste6 of
2 +13ot un1t 1n Fh1ch the nu5Eer of ch136ren Fere re6uce6 to 2Eout Hb 2n6 the +oo3 of c2re$1:ers F2s re6uce6 to
N. Af neuroce+t1on of s2fet9 1s necess2r9 to +ro5ote 2++ro+r12te soc123 Eeh2:1or' then f251312r1t9 of c2re$1:er
Fou36 Ee cr1t1c23. <9 h2:1n$ f251312r c2re$1:ers' the ch136[s 6etect1on of the c2re$1:er[s f2ce' :o1ce' 2n6
5o:e5ents Wthe fe2tures th2t 6ef1ne 2 s2fe 2n6 trustForth9 +ersonI shou36 tr1$$er the 1nh1E1tor9 +2thF29s to
61sen2E3e the 315E1c 6efense s9ste5 2n6 foster the Eeh2:1ors eM+resse6 E9 the soc123 en$2$e5ent s9ste5. An
su++ort of th1s 5o6e3' the stu69 6e5onstr2te6 2 5onoton1c re32t1on EetFeen the nu5Eer of 61fferent c2re$1:ers
th2t 2 ch136 h26 cont2ct F1th 2n6 the 1n61ces of RA;. Vn 233 5e2sures the st2n62r6 un1t ch136ren Fere 5ore
31Le39 to h2:e h1$her 1n61ces of RA; 2n6 on so5e 5e2sures the +13ot $rou+ 616 not 61ffer fro5 the ch136ren Fho
Fere ne:er 1nst1tut1on231Ge6. Dhus' once Fe un6erst2n6 the conteMtu23 2n6 soc123 fe2tures th2t 1nh1E1t the neur23
c1rcu1ts th2t 5e612te 6efens1:e Eeh2:1or23 str2te$1es' Fe c2n o+t151Ge the 6e:e3o+5ent23 conseOuences of the
neur23 c1rcu1ts th2t +ro5otes soc123 en$2$e5ent Eeh2:1ors.
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