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Ini6al	Assump6ons	
1.  there	is	sufficient	data	to	refute	the	claim	that	DSM	categories	represent	

biologically	dis6nct	‘natural	kinds’	
	

1.  no	well-developed	preven6ve	interven6ons	based	on	pathophysiology	and	lack	of	anything	
that	approaches	precision	medicine	in	mental	health	research	

2.  reifica6on	of	diagnos6c	categories	based	on	behavioral	sequelae,	in	light	of	ubiquitous	
heterogeneity	including	so-called	comorbidi6es,	adversely	affects	the	search	for	efficacious	
treatments	

3.  Re-considering	‘mental’	and	‘behavioral’	disorders	as	disorders	of	brain	func6on,	or	rather	
neurodevelopmental	disorders	should	inform	biologically	plausible	re-classifica6on	

2.  Circuits	within	the	puta6ve	‘Social	Brain’	have	been	implicated	across	a	variety	of	
neurodevelopmental	disorders.	

3.  Characterizing	brain	development	prior	to	manifesta6on	of	clinically	impairing	
profiles	of	behavior	may	yield	targets	for	preven6ve	interven6on.	



Caspar	Friedrich	Wolff	

On	the	embryological	development	of	the	chick:	
	

….each	part	is	first	of	all	an	effect	of	the	
preceding	part,	and	itself	becomes	the	cause	of	

the	following	part	(1764)	



of	course….	

Broader	contextual	/	environmental	factors	
clearly	play	a	significant	role	in	the	development	
of	maladap6ve	func6oning	during	the	preschool	
and	school-age	years	such	as	poverty,	stressful	/	

trauma6c	life	events,	maladap6ve	familial	
func6oning,	and	parental	psychopathology	to	

name	a	few.	



Gilbert	GoFlieb	



organizing	theme	of	my	research	

Understanding	neurodevelopment	trajectories	
that	precede	the	onset	of	signs	/	symptoms	may	

elucidate	instanEaEng	pathophysiology	
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Brain	Development	

•  What	you	need	to	know	
– White	maFer	
– Gray	maFer	
– Synapse	
– Glia	



Brain	Development	

•  Coun6ng	synapses	

•  Positron	Emission	Tomography	
– Glucose	metabolism	





Brain	Development	

•  Noninvasive	in	vivo	methods	
– Morphometric		

•  Volume	
–  Surface	area	

»  E.g.,	Gyrifica6on	index	
–  Cor6cal	thickness	

– Structural	connec6vity	
•  Diffusion	weighted	imaging	

–  func6onal	connec6vity	
•  Res6ng	state	fMRI,	spontaneous	fluctua6ons	in	BOLD	



it	all	begins	with	carefully	acquired	pictures!	



on	to	even	more	aHracEve	pictures!	



Connec6vity	

•  Func6onal	connec6vity	
– Spontaneous	fluctua6ons	in	BOLD	signal	
– Areas	that	spontaneously	ac6vate	together	are	
func6onally	connected	

•  Structural	connec6vity	
– White	maFer	fiber	bundles	(the	brains	
informa6on	super	highway)	





Diffusion	Weighted	Imaging	



Diffusion	Weighted	Imaging	

Diffusion:	the	movement	of	a		
given	molecule	in	a		
given	medium	at	a		
given	temperature	



Diffusion	Tensor	Imaging	

Axial	Diffusivity	(parallel	or	longitudinal	diffusion)	=	λ1		

Radial	Diffusivity	(perpendicular	diffusion)	=	(λ2	+	λ3)/2	



What	hinders	diffusion?	

•  Myelin	

•  Cell	membranes	(size	and	density	of	axons)	
	
•  Structural	supports	like	microtubules	
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Along-fiber	tract	
longitudinal	
change	over	the	
first	2	years	of	life	

Genu	of	corpus	callosum	

6	months	
12	months	
24	months	

6	-	12	mos.	
12	-	24	mos.	

N	=	43	infants	
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Interim	Summary	

Characterizing	1)	emerging	paFerns	of	structural	
and	func6onal	connec6vity	should	elucidate	
fundamental	aspects	of	cor6cal	specializa6on,	
including	specializa6on	with	social	informa6on,	

	and	2)	longitudinal	associa6ons	between	
emerging	paFerns	of	connec6vity	and	

cogni6on	/	social	cogni6on	should	elucidate	
pathways	to	maladap6ve	behavioral	paFerns.		
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Social	Communica6on	–	The	case	of	
Joint	AFen6on	



In	the	beginning….	



Baldwin	(1895)	
“Before	he	understands	himself…he	cannot	understand	others,	except	
as	they	are	also	objects	of	a	certain	kind;	but	in	learning	to	understand	

himself,	he	also	comes	understand	them,	as	like	himself…as	
themselves	having	objects	to	act	toward	and	upon	just	as	he	does.”	

•  1.	Persons	as	objects	(strong	sensa6ons)	

•  2.	Persons	are	peculiar	objects	

•  3.	Through	ac6on	‘imita6on,’	discovery	of	self	as	subject	separate	
from	other	objects	

•  4.	Iden6fica6on	of	self	as	separate	from	“others”	imbues	others	
with	selves	of	their	own…	[other	person	percepGon]	



Bowlby	

•  AFachment	Theory	
–  Internal	Working	Model	
– **predic6on	of	other’s	behaviors	based	on	
accessibility	and	responsiveness	of	his	or	her	
caregiver,	anchored	by	proximity	seeking	and	
“tes6ng.”	



Baldwin	to	Piaget	

•  Piaget—declining	egocentrism	through	the	
sensorimotor	phases	un6l	the	capacity	for	
representa6on	develops	auer	~	18	months	
(this	includes	represenGng	the	mind	of	
someone	else,	hypotheGcally)	

•  Theory	of	Mind	(ToM)	



Back	to	Joint	AFen6on	

•  What	do	Scaife	and	Bruner	have	to	say	about	
egocentrism	in	the	first	year	of	life?	



Scaife	and	Bruner	(1975)	

•  Ra6onale	
– “LiFle	is	known	about	how	visual	aFen6on	of	the	
mother-infant	pair	is	directed	jointly	to	objects	
and	events	in	the	visual	surround	during	the	first	
year	of	life.”	

•  Primary	Ques6on/Objec6ve	
– What	is	the	extent	of	the	infants’	ability	to	follow	
changes	in	adult	gaze	direc6on	during	the	first	
year	of	life?	



Scaife	and	Bruner	(1975)	

•  Sample:	(n=34)	infants	between	2-14	months	

•  Procedure:	warm-up	and	then	2	RJA	test	trials	
– Eye	contact,	then	gaze	shiu	and	head	turn	

•  Opera6onal	Defini6on	
– Looking	response	in	the	same	direc6on	as	the	bid	
(within	7	seconds	of	bid	and	prior	to	intervening	
looks)	indicated	“joint	visual	aFen6on”	



Scaife	and	Bruner	(1975)	
Results	



“	It	is	possible	that	the	ability	to	orient	with	respect	to	
another	has	implica6ons	for	Piaget’s	more	complex	
no6ons	of	the	egocentric	child.		In	so	far	as	mutual	
orienta6on	implies	a	degree	of	knowledge	in	some	
form	about	another	person’s	perspec6ve[,]	then	the	
child	in	its	first	year	may	be	considered	as	less	than	

completely	egocentric.		



Transi6oning	to	more	contemporary	work	
	
	





Social	Cogni6on	During	Infancy:	
joint	aFen6on	as	an	example	

	
“joint	aFen6on	is	not	just	two	people	

experiencing		the	same	thing	at	the	same	6me,	
but	rather	it	is	two	people	experiencing	the	
same	thing	at	the	same	6me	and	knowing	

together	that	they	are	doing	this”	Tomasello	&	
Carpenter,	2007,	Developmental	Science.	



Characteris6c	PaFern	of	Emergence	

Sharing	AFen6on	(8-8.5	months)	

Responding	to	Joint	AFen6on	(9-10	months)	

Ini6a6ng	Joint	AFen6on	(10.5-11.5months)	



Triadic	Engagement—Sharing	



Triadic	Engagement:	RJA	



Triadic/Collabora6ve	Engagement	



Ini6a6ng	Joint	AFen6on	

•  Proto-impera6ve	poin6ng	
–  request	

•  Proto-declara6ve	points	(most	sophis6cated)	
– Share	for	the	sake	of	sharing	



Joint	AFen6on	
	
	LiFle	known	about	the	developmental	
processes	that	yield	individual	differences	in	
joint	aFen6on.	
…at	the	behavioral,	cogni6ve,	or	neural	levels	
	
Measurement	constraint	
	**competence	versus	performance	



Dimensional	Joint	AFen6on	
Assessment	(DJAA)	

•  Deak,	G.O.,	Flom,	R.A.,	&	Pick,	A.D.	(2000).	Effects	of	gesture	and	target	on	
12-	and	18-Month-Olds’	Joint	Visual	AFen6on	to	Objects	in	Front	of	or	
Behind	Them.		Developmental	Psychology,	36(4),	511-523.	

•  Flom,	R.,	Deak,	G.O.,	Phill,	C.G.,	&	Pick,	A.D.	(2004).	Nine-month-olds’	
shared	visual	aFen6on	as	a	func6on	of	gesture	and	object	loca6on.		Infant	
Behavior	and	Development,	27,	181-194.	

•  Presmanes,	A.G.,	Walden,	T.A.,	Stone,	W.L.,	&	Yoder,	P.J.	(2007).		Effects	of	
different	aFen6onal	cues	on	responding	to	joint	aFen6on	in	younger	
siblings	of	children	with	au6sm	spectrum	disorders.		Journal	of	AuEsm	and	
Developmental	Disorders,	37(1),	133-144.	

•  Deak,	G.O.,	Walden,	T.A.,	Kaiser,	M.Y.,	&	Lewis,	A.	(2008).		Driven	from	
distrac6on:	how	infants	respond	to	parents’	aFempts	to	elicit	and	re-
direct	their	aFen6on.	Infant	Behavior	and	Development,	31,	34-50.	



Individual	Differences	in	Responding	to	Joint	
AHenGon	(RJA)	Performance	

Varying	the	Redundancy	of	the	Cue	

1.  gaze	shiu,	head	turn	=	least	redundant,	most	sophis6cated	

2.  gaze	shiu,	head	turn,	“look	at	that”	=	adding	a	verbal	cue	to	the	least	redundant	press		

3.  gaze	shiu,	head	turn,	point	=	adding	a	salient	gestural	cue	

4.  gaze	shiu,	head	turn,	point,	“look	at	that”	=	most	redundant	



Triadic	Engagement--RJA	







Individual	Differences	in	Responding	to	Joint	
AHenGon	(RJA)	Performance	

Varying	the	Redundancy	of	the	Cue	

1.  gaze	shiu,	head	turn	=	least	redundant,	most	sophis6cated	

2.  gaze	shiT,	head	turn,	“look	at	that”	=	adding	a	verbal	cue	to	the	least	redundant	
press		

3.  gaze	shiu,	head	turn,	point	=	adding	a	salient	gestural	cue	

4.  gaze	shiu,	head	turn,	point,	“look	at	that”	=	most	redundant	







Individual	Differences	in	Responding	to	Joint	
AHenGon	(RJA)	Performance	

Varying	the	Redundancy	of	the	Cue	

1.  gaze	shiu,	head	turn	=	least	redundant,	most	sophis6cated	

2.  gaze	shiu,	head	turn,	“look	at	that”	=	adding	a	verbal	cue	to	the	least	redundant	
press		

3.  gaze	shiT,	head	turn,	point	=	adding	a	salient	gestural	cue	

4.  gaze	shiu,	head	turn,	point,	“look	at	that”	=	most	redundant	







Individual	Differences	in	Responding	to	Joint	
AHenGon	(RJA)	Performance	

Varying	the	Redundancy	of	the	Cue	

1.  gaze	shiu,	head	turn	=	least	redundant,	most	sophis6cated	

2.  gaze	shiu,	head	turn,	“look	at	that”	=	adding	a	verbal	cue	to	the	least	redundant	
press		

3.  gaze	shiu,	head	turn,	point	=	adding	a	salient	gestural	cue	

4.  gaze	shiT,	head	turn,	point,	“look	at	that”	=	most	redundant	



Triadic	Engagement--RJA	





Responding	to	Joint	AFen6on	

•  Does	our	joint	aFen6on	procedure	elicit	
substan6ve	individual	differences	in	
performance?	



Responding	to	Joint	AFen6on	
•  Can	we	iden6fy	a	6me	interval	of	maximal	
individual	differences?	



Responding	to	Joint	AFen6on	
•  Do	individual	differences	in	white	maFer	microstructure,	

assessed	prior	to	the	emergence	of	RJA,	significantly	predict	
individual	differences	in	RJA	performance?	

	



Responding	to	Joint	AFen6on	



Responding	to	Joint	AFen6on	

•  Caveats	
– DWI/DTI,	sample	size	

•  Conclusions	
–  Individual	differences	in	the	structural	
organiza6on	of	right	lateralized	frontolimbic	
neural	circuitry	predicts	individual	differences	in	
later	emerging,	complex	social	cogni6on.	



back	to	the	psychology…	

•  Toward	the	end	of	the	first	year	of	life	and	auer	a	
rather	standard	sequence	of	events,	an	infant	
rapidly	acquires	the	ability	to	represent	
informa6on	that	s6pulates	1)	what	I	see	is	not	
necessarily	what	the	other	sees,	2)	when	I	see	
something	I	like,	I	need	to	redirect	the	eyes/mind	
of	the	other	in	order	to	share	aFen6on/
inten6on/engagement	on	the	distal	object/event,	
as	there	may	be	a	social	reward	if	the	predic6on	
that	the	other	likes	the	object	is	valid.		



Summary	
•  The	complexity	of	human	cogni6on	*&*	social	
cogni6on	are	enabled	by	the	complexity	of	the	
structural	and	func6onal	connectomes.	

•  Joint	aFen6on	is	a	founda6onal	social	cogni6ve	
capacity	that	emerges	early	in	infancy	and	is	
func6onally	cri6cal	for	subsequent	social	
communica6ve	development.	

•  Mapping	the	neural	circuitry	important	for	joint	
aFen6on	has	implica6ons	for	early	emerging	disorders	
of	social	communica6on.	



Future	ELAB	work…	

Infant	Brain	and	Behavioral	Signatures	of	Later	
Emerging	Risk	for	Psychopathology	(B-Slerp)	

•  HCP	innova6on	in	a	longitudinal	study	of	
infants	

•  Developmental	approach	to	the	RDoC	



Acknowledgments	

Grant	Support	
*NIH/NIMH	1RO1MH104324	(BRAINS),	Elison	(PI);	NIH/NICHD	2RO1HD055741-07,	(ACE	Network),	Piven	(PI)	

ELAB		
Elayne	Teska	
Carolyn	Lasch	
BriFany	Howell	
Kirsten	Dalrymple	
Angela	Fenoglio	
Colleen	Doyle	
Kelly	Jedd	
Elizabeth	Sharer	
Marie	Manner	
	

BRAINS	
Kamil	Ugurbil,	CMRR	
Essa	Yacoub,	CMRR	
Suma	Jacob,	Psychiatry	
Mar6n	Styner,	UNC	
Hongbin	Gu,	UNC	

		

IBIS	
Joe	Piven,	UNC	
Heather	HazleF,	UNC	
Chad	Chappell,	UNC	
Mar6n	Styner,	UNC	
Hongbin	Gu,	UNC	
Kelly	BoFeron,	WashU	
Bob	McKinstry.	WashU	
John	Constan6no,	WashU	
John	PrueF,	WashU	
Steve	Dager,	UW	
AnneFe	Estes,	UW	
Bob	Schultz,	CHOP	
Alan	Evans,	MNI	
Louis	Collins,	MNI	
Samir	Das,	MNI	
Guido	Gerig,	NYU	
Lonnie	Zwaigenbaum,	U	Alberta	
Jason	Wolff,	UMN	

UMN	
Stephanie	Carlson	
Michael	Georgieff	
Megan	Gunnar	
Melissa	Koenig	
Phil	Zelazo	
Jason	Wolff	
Frank	Symons	
Breanne	Byers	
BernadeFe	Gillick	
Maria	Gini	
Dan	Knights	
Nikos	Papanikolopoulos	
Amy	Esler	

	
		



Thanks!	

Jed	Elison,	Ph.D.	
McKnight	Land-Grant	Professor	
Ins6tute	of	Child	Development	

University	of	Minnesota	
jtelison@umn.edu		

hFp://www.cehd.umn.edu/icd/research/elab/		


