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	 During	his	lifetime,	many	wondered	if	Albert	Einstein’s	brain	was	really	different	from	other	
people’s	brains.	Early	post-mortem	examinations	of	his	brain	revealed	no	significant	differences,	
but	a	recent	investigation	by	neuroscientist	Sandra	Witelson	and	colleagues	has	revealed	enhanced	
development	of	the	parietal	lobes,	particularly	on	the	right	side.	These	brain	regions	are	involved	
in	visual	imagery	and	mathematical	thinking.	According	to	these	findings,	Einstein	may	have	been	
better	equipped	for	mathematical	thinking	than	most	people.
	 Much	like	the	issues	regarding	Einstein’	brain,	questions	remain	about	the	way	the	brains	of	
mathematically	gifted	individuals	work,	especially	when	those	individuals	are	at	a	very	young	age.	
This	interest	drives	the	work	of	Texas	Tech	University	Professor	Michael	O’Boyle,	Ph.D.	“There	is	
intrinsic	interest	in	how	the	brain	of	a	budding	Einstein	works.	We	all	know	individuals	who	are	10	
to	15	years	old	who	are	really	good	at	mathematics	and	seem	to	perform	this	high	level	math	with-
out	any	kind	of	formal	training	or	instruction,”	O’Boyle	explains.
	 Over	the	years,	O’Boyle	and	collaborators	from	around	the	world	have	been	working	toward	
identifying	not	only	the	brain	structures,	but	also	the	neural	circuitry	that	may	serve	as	the	bio-
logical	foundation	for	exceptional	mathematical	ability. >>>
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	 Their	work	has	proven	fruitful.	Using	functional	magnetic	resonance	imaging	(fMRI),	O’Boyle	and	collaborators	at	the	University	
of	Melbourne,		Australia,	have	found	that	while	engaged	in	three-dimensional	mental	rotation	tasks,	the	brains	of	math-gifted	adoles-
cents	show	a	different	activation	pattern	than	those	with	average	math	abilities.	“What	we	have	discovered	is	that	not	only	is	there	a	
quantitative	difference	in	which	gifted	brains	are	more	active	and	have	additional	processing	resources,	but	some	regions	of	their	brain	
are	selectively	and	uniquely	engaged.”	Specifically,	brain	images	during	spatial	processing	show	bilateral	activation	in	the	math-gifted	
brain,	while	the	average	ability	brain	is	more	unilateral	with	activity	focused	in	the	right	hemisphere.
	 Previous	research	has	suggested	two	possible	neurobiological	mechanisms	involved	in	advanced	mathematical	ability.	One	mecha-
nism	involves	enhanced	right	hemisphere	development,	while	the	other	mechanism	involves	bilateral	brain	activation.	“In	the	math-	
gifted	brain,	enhanced	right	hemisphere	mediation	of	information	processing	typically	reflects	a	high-level	imagery-based	way	of	repre-
senting	the	world.	The	other	characteristic	is	that	the	two	hemispheres	of	the	brain	seem	to	be	very	efficiently	interconnected,	so	these	
right	hemisphere	contributions	to	thinking	are	successfully	integrated	with	contributions	from	the	left	hemisphere.	Thus,	the	gifted	
have	a	kind	of	enhanced	cooperation	and	communication,	which	means	information	can	be	moved	all	around	in	the	brain	without	the	
usual	processing	penalties	or	costs	that	regular	kids	experience	when	they	are	attempting	high-level	mathematics,”	O’Boyle	explains.
	 O’Boyle’s	work	has	shown	that	the	math-gifted	brain	displays	enhanced	and	bilateral	activation	of	the	parietal	lobes,	the	frontal	cor-
tex,	and	the	anterior	cingulate,	an	information-processing	system	that	may	be	unique	to	math-gifted	individuals.	The	bilateral	nature	
of	this	activation	indicates	enhanced	interhemispheric	connectivity	via	the	corpus	collosum.	The	corpus	callosum	is	a	structure	in	the	
brain	that	allows	for	the	transfer	of	information	between	the	cerebral	hemispheres,	where	enhanced	connectivity	results	in	rapid	and	
accurate	information	exchange.	The	enhanced	involvement	of	the	different	brain	structures	speaks	to	a	unique	interplay	that	contrib-
utes	to	exceptional	information	processing	and,	perhaps,	gifted	mathematical	ability.
	 Researchers	are	only	beginning	to	investigate	the	functional	organization	of	the	gifted	brain.	As	advancements	in	neuroimaging	
technology	occur,	the	understanding	of	the	biological	bases	of	math	giftedness	also	will	advance.	O’Boyle’s	current	work,	conducted	in	
collaboration	with	the	Texas	Tech	University	Health	Sciences	Center,	Covenant	Diagnostic	Imaging	of	Lubbock,	and	Lubbock	Radiol-

ogy,	uses	fMRI	to	monitor	brain	activation	in	mathematically	gifted	children	during	the	
performance	of	various	visuospatial	tasks	that	are	known	to	be	correlated	with	high	
matematical	ability.
							Functional	magnetic	resonance	imaging	is	a	technique	for	determining	which	parts	
of	the	brain	are	activated	by	different	types	of	stimuli.	Activation	is	evident	when	blood	
flow	to	particular	areas	of	the	brain	increases.	The	subject	in	a	typical	experiment	will	
lie	in	a	magnetic	field	while	visual	stimuli	are	projected	into	the	brain	scanner.	Then,	
MRI	images	of	the	subject’s	brain	anatomy	are	taken.	These	high-resolution	scans	are	
used	later	as	a	background	for	highlighting	the	brain	areas	that	were	activated	during	
task	performance.	Next,	a	series	of	additional	images	are	taken	with	and	without	the	
stimulus	being	presented.	The	later	images	then	can	be	compared	to	the	earlier	images	
to	see	which	parts	of	the	brain	were	activated	by	the	stimuli	and	subjects’	performance	

of	the	task.	Activated	areas	are	shown	in	color	to	produce	dra-
matic	visual	pictures.	While	earlier	brain	imaging	techniques	
have	provided	information	about	events	after	the	fact,	fMRI	
captures	brain	activation	as	it	occurs	in	real	time.	Therefore,	
researchers	now	can	get	a	clear	and	relatively	immediate	pic-
ture	of	how	the	brain	is	processing	information.	
					The	math-gifted	individuals	in	O’Boyle’s	line	of	research	are	
typically	male	adolescents	between	the	ages	of	10	and	15	who	
have	scored	at	the	99th	percentile	on	a	standardized	test	of	
mathematical	ability,	which	makes	them	about	1	in	10,000	in	
math	ability	level.	Studying	this	age	group	is	important	for	two	
reasons.	First,	the	technology	is	essential	to	getting	accurate	
neuroimages,	and	fMRI	requires	that	individuals	lie	very	still	
for	long	periods	of	time,	which	can		be	difficult	for	participants	
less	than	10	years	of	age.	Secondly,	this	age	window	helps	to	

establish	that	the	patterns	of	brain	activation	observed	can	be	attributed	
primarily	to	brain	factors	rather	than	any	exposure	to	some	special	learning	
environment.	“You	don’t	want	to	get	to	participants	too	late	in	the	game	
because	then	you’re	not	exactly	sure	of	the	extent	to	which	all	of	this	has	
happened	in	the	absence	of	formal	training.	There	are	school	experiences	
and	formal	instruction	from	parents,	peers	and	teachers	that	begin	to	come	
into	play,”	O’Boyle	says.
	 Limiting	participants	 to	only	
male	 individuals	 partly	 occurs	
because	it	is	easier	to	find	math-
gifted	boys	than	math-gifted	girls.	
“Logistically,	 girls	 are	 harder	 to	
come	by.	It	turns	out	that	at	the	
extremes	 of	 math-g iftedness,	
the	ratio	of	boys	to	girls	is	about	
13	 to	 1,”	 O’Boyle	 explains.	 He	
cites	research	on	the	link	between	prenatal	exposure	to	testosterone	and	
enhanced	right	hemisphere	development	as	a	possible	cause	for	the	higher	
occurrence	of	math-giftedness	among	boys.	Normally,	males	are	exposed	to	
larger	prenatal	doses	of	testosterone	than	that	received	by	females.	O’Boyle	
states,	“Testosterone	exposure	is	known	to	enhance	the	development	of	the	
right	hemisphere	and	oftentimes	slows	left	hemisphere	development.”	
	 “The	testosterone	explanation	fits	in	with	the	fact	that	both	prenatal	
females	and	prenatal	males	have	exposure	to	testosterone,	but	by	defini-
tion	males	have	more.	That’s	why	they	are	biologically	males.	If	you	have	
more	exposure	to	testosterone	in	the	second	trimester	of	fetal	develop-
ment,	you	could	have	this	effect	in	which	boys	would	be	more	likely	to	have	
an	enhanced	right	hemisphere	and,	thereby,	exceptional	math	skills.	Thus,	
there	is	a	hormonal	process	going	on	that	may	predispose	more	boys	than	
girls	to	be	mathematically	gifted,”	he	says.
	 Elaborating	on	the	contributions	of	the	right	hemisphere,	
O’Boyle	adds,	“Interestingly,	individuals	who	are	reading	dis-
abled	also	have	a	very	large	right	hemisphere	processing	con-
tribution,	when	in	fact,	they	should	be	reading	predominantly	
with	their	left	hemisphere.	In	their	case,	this	uncharacteristic	
right	hemisphere	activation	does	not	get	integrated	into	the	behav-
ioral	equation,	and	so	they	are	worse	off	having	it	than	not.	In	contrast,	
the	math-gifted	benefit	from	this	unusual	right	hemisphere	involvement	
because	it	is	highly	integrated	with	left	hemisphere	functioning.”
	 Identifying	the	neurobiological	mechanisms	behind	math-giftedness	
will	prove	to	be	useful	in	developing	appropriate	educational	programs	for	
individuals	of	all	intelligence	levels.	“Maybe	by	learning	something	about	
what	the	best	and	brightest	can	do,	we	will	be	able	to	optimize	the	potential	
of	everybody,	irrespective	of	their	math	ability.	To	me	that’s	new	and	excit-
ing,	being	able	to	look	at	these	kids’	brains	in	real	time	while	they	are	doing	
math	or	while	they	are	doing	mental	rotation,	and	seeing	what	structures	
are	active,	seeing	what	neural	circuitry	is	involved,	and	seeing	how	it	differs	
from	the	rest	of	us.”	
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“Maybe by learning some-    
 thing about what the best    
 and brightest can do, we 
 will be able to optimize        
 the potential of everybody.”

– Michael O’Boyle, Ph.D.
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Reprinted	from	Cognitive Brain Research,	Volume	25,	Michael	W.	O’Boyle,	et	al.,	Mathematically	Gifted	
Male	Adolescents	Activate	a	Unique	Brain	Network	During	Mental	Rotation,	583-587,	2005,	with	
permission	from	Elsevier.

In the mental rotation task, 
subjects are presented with 
a target shape (top) and 
asked to indicate by pressing 
a button, which of the four 
test shapes (below) matches 
the target shape rotated in 
3-D space (Fig. 1). In Fig. 2, 
two identical brain slices 
from average ability (a) and 
math-gifted (b) children are 
displayed. Note the signifi-
cantly greater activation in 
a variety of brain locations 
(particularly the bilateral 
activation of the frontal 
and parietal lobes) for the 
math-gifted as compared 
to children of average math 
ability. The bottom two brain 
slices (c) depict areas that 
are uniquely activated by 
math-gifted children.


