
Mul$	Voxel	Pa,ern	Analysis	(fMRI)	

	

Mul$	Variate	Pa,ern	Analysis	(more	generally)	

	

Magic	Voxel	Pa,ern	Analysis	(probably	not!)	

	



“…all	MVPA	really	shows	is	that	there	are	places	where,	in	

most	people’s	brain,	ac$vity	differs	when	they’re	doing	one	

thing	as	opposed	to	another.”	

“The	mathema$cs	are	sound	and	the	method	does	‘work’,	

but	the	trouble	is	what	the	results	mean.”	

Have	you	decoded	

something	about	

“orangeness”	vs	

“appleness”	or	are	

there	poten$al	

confounds?	



GLMA	–	opposite-

signed	varia$ons	

cancel	

	

MVPA	–	opposite-

signed	varia$ons	sum	

(unless	you	do	

something	fancier	to	

make	them	not	do	so)	





Counterac$ng?	

	

Be,er	design	

	

Linear	regression	(e.g.,	of	RT)	

	

Be,er	(more	careful)	interpreta$on	

Not	OK:		“Brain	region	A	represents	informa$on	X”	

	

OK:		“Brain	region	A	can	predict	behavior	Y”;	“Rela$onship	between	

brain	Region	A	and	behavior	Y	follows	model	Z.”	

	

Poten$ally	problema$c:		“distributed”	representa$ons	with	

posi$vely	and	nega$vely	voxel	signs	

	

Probably	OK:		methods	that	do	not	discard	sign/direc$on	of	

individual	effects	

	



Individual	differences	and	MVPA?	



238	rs-fcMRI	scans	(3	T;	con$nuous	rest)	from	typically	developing	par$cipants	ranging	in	age	

from	7	to	30	years		

	

Blood	oxygen	level–dependent	(BOLD)	$me	courses	were	generated	for	160	regions	of	interest	

(ROIs)	derived	from	a	series	of	meta-analyses	of	task-related	fMRI	studies	that	cover	much	of	

the	brain		

	

All	possible	interregional	temporal	correla$ons,	or	func$onal	connec$ons	(n	=	12,720),	were	
computed	for	each	individual.		

	

reduced	the	number	of	features	to	the	200	func$onal	connec$ons	most	reliably	different	

between	children	and	adults	in	each	round	of	leave-one-out	cross-valida$on	

	

Binary	SVM	classifica/on	of	individuals	as	either	children	or	adults	was	91%	accurate	
(permuta/on	test,	P	<	0.0001;	90%	sensi/ve;	92%	specific).		
	
For	independent	replica$on,	the	same	analyses	were	also	carried	out	on	two	other	large-scale	

developmental	func$onal	connec$vity	data	sets	with	somewhat	different	characteris$cs.	

Turn	analysis	“inside	

out”	–	which	brain	

regions	predict	

maturity?	



Davis	et	al.	

…but	could	also	get	

significant	MVPA	

results	even	if	it	

“really”	only	varied	

along	one	dimension		



Davis	et	al.	

…but	could	also	get	

significant	MVPA	

results	even	if	it	

“really”	only	varied	

along	one	dimension		



Davis	et	al.	

How	do	you	test	for	

mul$dimensionality?	

	

-  Look	for	effects	based	

on	the	supposed	

dimensions	(and	

possibly	regress	out)	

-  If	including	both	

dimensions	improves	

accuracy,	then	be,er	

evidence	for	

mul$dimensionality	

	

-  Requires	models/

hypotheses	of	what	

dimensions	are	



“In	many	cases,MVPA	tests	may	be	providing	informa$on	that	is	largely	assumed	

by	the	group-level	sta$s$cal	maps	already	reported	in	most	papers	(e.g.,	Rissman	et	al.,	2010):	

experimental	effects	vary	across	voxels.		
	

As	formal	tests	of	this	variability,	MVPA	results	may	be	more	sensi$ve	indicators	of	

heterogeneity	of	response	across	regions	or	voxels	within	a	region.	However,	knowledge	of	this	
variability	does	not	confer	any	special	theore/cal	status	to	the	results	in	and	of	itself.		
	

Instead,	to	make	conclusions	about	the	dimensionality	or	content	of	the	ac$va$on	pa,erns	
that	s$muli	elicit,	it	is	important	to	incorporate	addi$onal	methods	that	explicitly	measure	
these	aspects	of	the	ac$va$on	pa,erns,	such	as	encoding	models,	classifier-based	tests	of	

dimensionality,	and	mul$dimensional	scaling.”	

	

Or	as	Frank	put	it:	

	

“We	just	can’t	throw	MVPA	at	some	data,	with	no	hypothesis	in	mind,	and	expect	it	to	crack	the	

code	for	us.	In	other	words,	MVPA	can’t	tell	the	theory	behind	the	classified	pa,erns.”	

GLMA	vs	MVPA?	


