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Abstract.	 [Purpose]	The	 aim	of	 this	 study	was	 to	 investigate	 the	 effect	 of	 divided	 attention	on	motor-related	
cortical	potential	 (MRCP)	during	dual	 task	performance	while	 the	difficulty	of	 the	 secondary	 task	was	altered.	
[Participants	 and	Methods]	Twenty-two	 right-handed	healthy	volunteers	participated	 in	 the	 study.	MRCPs	were	
recorded	during	two	tasks,	a	single	task	(ST)	and	a	simple	(S-DT)	or	complex	dual	task	(C-DT).	The	ST	involved	a	
self-paced	tapping	task	in	which	the	participants	extended	their	right	index	finger.	In	the	dual	task,	the	participants	
performed	the	ST	and	a	visual	number	counting	task	simultaneously.	[Results]	The	amplitude	and	integral	value	of	
MRCP	from	electroencephalography	electrode	C3	was	significantly	higher	in	the	S-DT	than	in	the	ST,	whereas	they	
were	similar	between	the	C-DT	and	the	ST.	Medium-load	divided	attention	(i.e.,	S-DT)	led	to	significantly	more	
changes	in	the	MRCP	magnitude	than	did	low-load	divided	attention	(i.e.,	ST).	However,	the	MRCP	of	high-load	
divided	attention	(i.e.,	C-DT)	was	similar	to	that	of	low-load	divided	attention.	[Conclusion]	These	results	suggest	
that	MRCP	reflects	the	function	of	or	network	between	the	supplementary	motor	area	and	the	dorsolateral	prefrontal	
cortex,	and	may	serve	as	a	marker	for	screening	the	capacity	of	individuals	to	perform	dual	tasks.
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INTRODUCTION

In	daily	life,	humans	commonly	perform	not	only	one	task	but	also	two	tasks	(dual	tasks)	or	multiple	tasks	(multi	tasks)	
simultaneously,	e.g.,	walking	and	talking,	driving	and	using	a	cell	phone,	or	talking	while	cooking	at	the	same	time.	The	
incidence of falls or accidental injuries associated with multi tasks has been increasing1).	The	use	of	cell	phones	in	motor	
vehicles can increase the risk of a collision when the driver is distracted for a brief period while attending to a call2).	These	
effects	reported	in	the	above	studies	can	be	explained	by	dual-task	interference,	which	is	a	reduction	in	the	performance	of	
one or both individual tasks that are performed concurrently3).	However,	the	mechanisms	underlying	dual-task	interference	
are	still	unclear.	A	specific	dual-task	locus	in	the	brain	cannot	be	concluded	from	the	overall	current	literature.	It	is	important	
for	therapeutic	rehabilitation	to	reduce	or	predict	risks	or	mistakes	in	dual-task	or	multi-task	situations;	therefore,	we	have	
focused	on	the	neural	bases	of	motor	preparation	to	predict	and	prevent	the	risk	and	occurrence	of	mistakes	in	humans.
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The	neural	bases	of	action	motor	preparation	have	been	studied	using	motor-related	cortical	potential	(MRCP)4–7).	MRCP	
is known as readiness potential or Bereitschaftspotential and is a slow cortical potential that is associated with voluntarily 
executed	or	self-paced	movements.	The	magnitude	and	time	course	of	MRCP	are	influenced	by	various	factors	such	as	the	
level	of	intention,	preparatory	state,	movement	selection,	learning,	praxis	movement,	force,	speed,	precision,	discreteness,	
complexity,	parkinsonism,	cerebellar	lesion,	dystonia,	recovery	from	hemiparesis,	or	mirror	movements4–7).	These	factors	are	
included	as	not	only	motor	processes	but	also	non-motor	processes.

While	there	is	a	consensus	that	attention	is	not	a	unitary	process,	there	is	no	agreement	on	the	typologies	and	taxonomies	
describing the range of attentional processes8).	Loetscher	et	al.	considered	the	following	attentional	components:	alertness/
arousal, selective attention, sustained attention (vigilance), and divided attention8).	The	difficulty	of	performing	a	dual	task	is	
determined	by	the	level	of	divided	attention.	The	levels	of	load	of	a	dual	task	affect	the	MRCP	features	of	a	motor	task.	High-
load	divided	attention	leads	to	a	reduction	in	specific	features	of	MRCP9, 10).	For	example,	in	stroke	patients,	the	negativity	
of	MRCP	decreases,	while	pre-phase	variability	increases11).

In	 daily	 life,	 humans	 are	 required	 to	 perform	movements	 at	 a	 specific	 frequency,	 such	 as	movement	 timing	or	 inter-
response	or	inter-trial	intervals,	as	well	as	cue-based	motions	under	dual-	or	multi-task	conditions.	Patients	with	schizophre-
nia	or	stroke	exhibit	impairment	in	interval	timing12, 13).	Furthermore,	exercise	feedback	is	effective	in	noticing	the	correct	
exercise,	correcting	the	exercise,	and	enhancing	motivation	during	rehabilitation	intervention,	constant	movements,	or	stable	
life.	However,	the	relationship	between	the	difficulty	of	dual	tasks	and	movement	frequency	with	feedback	in	MRCP	has	not	
been	investigated	sufficiently.

Therefore,	the	purpose	of	the	present	study	was	to	quantify	the	effects	of	dual	task	complexity	and	movement	frequency,	
which	relies	on	an	internal	pacemaker	and	feedback,	and	the	accuracy	of	a	cognitive	task	on	MRCP.	We	selected	a	finger	
movement	task	as	the	motor	task	since	finger	movements	are	used	frequently	during	normal	daily	tasks,	such	as	writing,	typ-
ing,	or	eating	a	meal.	A	visual	number	counting	task	was	used	as	the	cognitive	task	since	there	are	many	situations	in	which	
numbers	are	a	visually	understood	quantity,	such	as	on	a	clock.	We	assessed	dual-task	interference	in	this	study	according	to	
the	frequency	of	finger	tapping	and	the	accuracy	of	the	visual	number	counting	task.	We	hypothesized	that	MRCP	magnitude	
would	be	reduced	with	increasing	load	in	the	divided	attention	tasks	if	the	corresponding	pre-movement	neural	activity	relies	
on	the	engagement	of	divided	attention.	The	results	of	the	present	study	will	have	important	implications	as	MRCP	may	serve	
as a marker for screening the safety of dual or multi tasks in real life settings, since the modulation of cortical plasticity is 
known	to	be	affected	by	attention14–16).

PARTICIPANTS AND METHODS

Twenty-two	right-handed	healthy	volunteers	(7	females;	15	males;	average	age	±	standard	deviation,	20.82	±	1.18	years;	
range,	19–22	years)	participated	in	the	study.	They	were	subdivided	into	2	groups	of	11	participants.	Handedness	was	as-
sessed	by	 the	Edinburgh	Handedness	 Inventory17).	This	 study	was	approved	by	 the	 institutional	 ethics	committee	of	 the	
International	University	of	Health	and	Welfare,	Japan	(approval	no.	16-Io-198).	Written	informed	consent	was	obtained	from	
all	participants	prior	to	their	participation	in	the	study.

Each	participant	was	seated	in	a	comfortable	chair	located	60–70	cm	away	from	a	digital	computer	monitor	and	their	right	
and	left	forearms	were	placed	on	a	table.	A	surface	electromyography	electrode	(DL-141;	S&ME,	Tokyo,	Japan)	was	placed	
on	the	right	extensor	digitorum	muscle	of	the	index	finger	to	determine	movement	onset.	Two	monopolar	electroencepha-
logram	channels	were	recorded	using	an	active	electroencephalogram	electrode	system	(DL-160B;	S&ME,	Tokyo,	Japan)	
from	C3	and	C4,	according	to	the	standard	international	10–20	system.	The	reference	electrode	was	placed	on	Fz	and	the	
ground	was	placed	on	the	left	and	right	earlobes.	The	recorded	data	were	analyzed	using	a	Multi-Analyzer	system	(Medical	
Try	System,	Tokyo,	Japan).

The	participants	performed	two	tasks:	a	single	task	(ST)	and	a	dual	task	(DT)	consisting	of	a	simple	dual	task	(S-DT)	or	
complex	dual	task	(C-DT)	(Fig.	1).	The	ST	and	DT	(S-DT	and	C-DT)	were	defined	as	low-,	medium-,	and	high-load	divided	
attention	tasks,	respectively.	The	paradigm	used	here	is	similar	to	that	employed	in	previous	studies9–11).	This	paradigm	can	
reduce	the	effects	of	mental	or	cognitive	fatigue18, 19).	The	ST	was	a	motor	task	that	involved	self-paced	tapping	with	the	
extended	right	index	finger	at	a	frequency	of	5	s.	The	intervals	were	displayed	on	a	monitor	as	feedback	to	the	participants.	In	
the	DT,	the	participants	performed	the	ST	and	a	visual	number	counting	task	simultaneously.	For	the	visual	number	counting	
task,	 the	X-type	Continuous	Performance	Test	 in	 the	Clinical	Assessment	 for	Attention	 (Japan	Society	 for	Higher	Brain	
Dysfunction,	Tokyo,	Japan)	was	used.	For	the	visual	number	counting	task,	a	random	series	of	numbers	(from	1	to	9)	were	
presented	on	a	screen	and	the	participants	were	required	to	identify	the	number	of	times	a	specified	target	number	appeared.	
The	numbers	were	presented	at	an	irregular	interval	of	1–2	s.	In	the	S-DT,	the	participants	were	asked	to	count	the	number	
of	sevens	appearing	among	a	random	series	of	predominantly	distractor	numbers.	In	the	C-DT,	the	participants	were	asked	
to	count	the	number	of	threes	and	sevens.	Each	task	contained	3	blocks	with	30	trials	at	a	frequency	of	5	s.	The	participants	
were	asked	to	answer	orally	the	number	of	times	each	target	number	appeared	after	each	block.	The	participants	practiced	the	
motor	task	until	a	certain	level	of	performance	was	achieved	before	the	first	recording	session,	and	they	were	briefed	about	
the	method	to	execute	the	dual	task.

The	frequency	of	finger	tapping	in	the	motor	task	was	quantified	by	considering	the	coefficient	of	variation	(CV=standard	
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deviation	/	average)	between	movement	onset	for	each	experimental	task	condition.	In	the	visual	number	counting	task,	the	
accuracy	of	the	number	of	target	numbers	under	the	DT	(S-DT	and	C-DT)	conditions	was	used.	The	signal	was	digitized	at	
1,000	Hz,	with	an	amplifier	band-pass	from	0.05	to	10	Hz9)	and	a	50-Hz	notch	filter20).	To	reduce	high	frequency	noise	fur-
ther,	the	time-averaged	MRCPs	were	filtered	at	15	Hz.	The	baseline	was	calculated	from	2,800	to	2,600	ms	before	movement	
onset.	Data	were	segmented	into	epochs	from	2,700	ms	prior	to	movement	onset	to	1,000	ms	after	it.	An	electromyography	
artifact	was	defined	as	an	electromyography	signal	at	less	than	a	3-s	interval	or	more	than	a	7-s	interval	and	excluded	from	
the	analysis.	Trials	with	electrooculography	artifacts	were	excluded	by	using	a	threshold	of	120	μV9).	An	amplitude	of	peak	
negativity	and	time	of	peak	negativity	were	considered	as	the	initial	features.	An	integral	value	from	−2,000	ms	to	the	time	of	
peak	negativity	was	also	defined	as	the	overall	trend.	The	integral	value	was	used	in	this	study	since	one	component	of	MRCP	
is	a	slowly	rising	negativity	that	occurs	at	approximately	2,000	ms	prior	to	movement	onset7).

For	the	motor	frequency	variables	with	CV,	two-way	repeated	measures	analysis	of	variance	(two-way	ANOVA)	with	the	
S-DT	and	C-DT	groups	(group)	and	with	the	ST	and	DT	(S-DT	or	C-DT)	(divided	attention	load)	conditions	was	used.	In	
the	visual	number	counting	tasks,	the	accuracy	of	the	number	of	target	numbers	under	the	DT	(S-DT	and	C-DT)	conditions	
was	compared	using	the	Mann-Whitney	U	test	since	normality	was	not	confirmed	according	to	the	Shapiro-Wilk	test.	To	
determine	 the	 effect	 of	 the	 divided	 attention	 tasks	 on	MRCP,	 two-way	ANOVA	 (group	 and	 divided	 attention	 load)	was	
used	for	the	amplitude	of	peak	negativity,	time	of	the	negative	peak,	and	integral	value	from	−2,000	ms	to	the	time	of	peak	
negativity,	as	well	as	the	motor	frequency	variables.	Bonferroni’s	post	hoc	test	was	used	in	multiple	pairwise	comparisons.	
All	statistical	analyses	were	performed	with	SPSS23	software	(IBM	Corporation,	Armonk,	NY,	USA)	with	the	significance	
level	set	at	p<0.05.

RESULTS

Table 1	shows	the	CV	of	movement	frequency	as	a	function	of	task	condition:	ST	and	S-DT	in	the	S-DT	group,	and	ST	
and	C-DT	in	the	C-DT	group.	There	was	not	a	significant	interaction	(group*single-dual	task)	in	the	result	of	the	ANOVA	for	
the	CV(F(1,20)=1.41,	p=0.25,	partial	η2=0.07).	A	comparison	of	the	ST	between	both	groups	indicated	that	the	CV	was	not	
different	between	the	S-DT	and	C-DT	groups	(F(1,10)=0.27,	p=0.62,	partial	η2=0.03).	The	CV	was	more	variable	only	for	the	
ST	versus	the	C-DT	in	the	C-DT	group	(F(1,10)=6.00,	p=0.03,	partial	η2=0.38).	The	CV	of	the	C-DT	in	the	C-DT	group	was	
not	a	significant	variable	than	the	CV	of	the	S-DT	in	the	S-DT	group	(F(1,10)=2.79,	p=0.11,	partial	η2=0.12).

The	accuracy	of	the	visual	number	counting	tasks	was	affected	in	both	DT	(S-DT	and	C-DT)	conditions	(Mann-Whitney	

Fig. 1.	 	A	diagram	of	the	different	stages	of	the	experiment.	The	paradigm	used	here	is	similar	to	that	employed	in	previous	studies9–11).
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U=18.00,	p=0.00,	r=0.60,	S-DT:	96.45	±	4.20%,	C-DT:	90.73	±	2.90%).	The	correlation	coefficient	between	the	CV	of	move-
ment	frequency	and	accuracy	of	the	visual	number	counting	task	in	the	DT	(S-DT	and	C-DT)	conditions	was	−0.45	(p=0.03).

Figure	2	illustrates	the	average	MRCP	from	C3	and	C4	in	the	task	conditions:	ST	and	S-DT	in	the	S-DT	group,	and	ST	and	
C-DT	in	the	C-DT	group.	The	amplitude	of	peak	negativity,	time	of	the	negative	peak,	and	integral	value	on	both	C3	and	C4	
of	the	ST	in	the	S-DT	group	were	not	significantly	different	from	that	in	the	C-DT	group.	The	amplitude	of	peak	negativity	

Table 1.		Values	of	coefficient	of	variation	of	movement	frequency	and	motor-related	cortical	potential	features

Features	of	the	participants ST S-DT	or	C-DT
Coefficient	of	variation 
(a.u.)

S−DT	group 0.09	±	0.02 0.10	±	0.03
C−DT	group 0.10	±	0.04 0.12	±	0.04

Amplitude of peak negativity 
(μV)

C3 S−DT	group −4.65	±	3.26 −6.49	±	3.14
C−DT	group −8.68	±	6.63 −8.54	±	4.43

C4 S−DT	group −4.48	±	3.89 −5.46	±	3.30
C−DT	group −6.29	±	5.76 −6.50	±	3.19

Time of peak negativity 
(ms)

C3 S−DT	group 176	±	124 186	±	121
C−DT	group 193	±	94 209	±	107

C4 S−DT	group 165	±	156 235	±	127
C−DT	group 148	±	120 188	±	159

Integral	value	(−2,000	to	0	ms)	 
(μV*ms)

C3 S−DT	group −2,931	±	5,632 −9,614	±	10,670
C−DT	group −8,075	±	5,408 −7,372	±	5,435

C4 S−DT	group −3,716	±	5,512 −7,198	±	9,658
C−DT	group −7,452	±	6,042 −6,603	±	4,145

Mean	±	standard	deviation.
ST:	single	task;	S-DT:	simple	dual	task;	C-DT:	complex	dual	task;	a.u.:	arbitrary	units.

Fig. 2.	 Grand	average	of	motor-related	cortical	potential	from	all	participants	obtained	from	C3	and	C4	in	the	(a)	simple	dual	task	
(S-DT)	group	and	(b)	complex	dual	task	(C-DT)	group.
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and	integral	value	on	C3	were	higher	in	the	S-DT	condition	than	in	the	ST	condition	in	the	S-DT	group	(F(1,10)=6.50,	p=0.03,	
partial	η2=0.39	and	F(1,10)=8.39,	p=0.02,	partial	η2=0.46,	respectively).	No	significant	variations	were	found	in	the	time	of	
peak	negativity	on	C3	in	the	S-DT	and	C-DT	groups.	No	MRCP	parameters	on	C4	were	significant	in	both	task	conditions.

DISCUSSION

To	our	knowledge,	this	is	the	first	investigation	of	the	effects	of	dual	task	complexity	on	movement	frequency,	which	relies	
on an internal pacemaker and feedback, and the accuracy of a visual number counting task on MRCP in electroencephalo-
gram	electrodes	C3	and	C4.	MRCP	magnitude,	such	as	the	amplitude	of	the	negative	peak	and	integral	value,	from	C3	was	
significantly	higher	in	the	medium-load	divided	attention	condition	(i.e.,	under	the	S-DT)	than	in	the	low-load	attentional	
diversion	condition	(i.e.,	under	 the	ST)	 in	 the	contralateral	region,	whereas	 it	was	similar	between	the	high-load	divided	
attention	condition	(i.e.,	under	the	C-DT)	and	the	low-load	attentional	diversion	condition.

In	 this	study,	 the	participants	were	subdivided	 into	 two	groups	(S-DT	and	C-DT	groups).	Since	 the	CV	of	movement	
frequency	and	MRCP	parameters	of	the	ST	in	the	S-DT	group	was	not	significantly	different	from	that	in	the	C-DT	group,	the	
features	of	the	S-DT	and	C-DT	groups	were	considered	to	be	the	same.	The	CV	between	movement	onset	was	significantly	
more	variable	in	the	C-DT	than	in	the	ST,	whereas	it	was	similar	in	the	S-DT	group.	The	accuracy	of	the	visual	number	
counting	task	was	also	significantly	lower	in	the	C-DT	than	in	the	S-DT.	Further,	the	significant	correlation	between	the	CV	
of	movement	frequency	and	the	accuracy	of	the	visual	number	counting	task	in	the	DT	(S-DT	and	C-DT)	conditions	was	
confirmed.	These	behavioral	data	can	be	explained	by	dual-task	interference,	which	is	a	reduction	in	the	performance	of	one	
or both individual tasks that are performed concurrently3).

The	amplitude	and	integral	value	of	MRCP	were	significantly	higher	in	the	S-DT	than	in	the	ST,	whereas	they	were	similar	
between	the	C-DT	and	ST.	The	magnitude	and	time	course	of	MRCP	are	influenced	by	various	factors4–7).	Our	results	were	
similar to those of previous MRCP studies using a dual task9–11).	Baker	et	al.	showed	that	pre-movement	neural	activity	in	
the	MRCP	is	attenuated	when	cognitive	resources	are	not	readily	available	for	movement	preparation,	and	early	stage	pre-
movement	activity	reflects	the	engagement	of	specific	cognitive	processes	that	overlap	with	cognitive	control	and	working	
memory10).	Therefore,	we	suggest	that	MRCP	magnitude	was	higher	in	the	S-DT	than	in	the	ST	since	the	engagement	of	
specific	cognitive	processes	was	strongly	required	in	the	S-DT.	However,	The	C-DT	was	similar	to	the	ST	since	the	cognitive	
resources	of	the	participants	may	not	be	readily	available	for	movement	preparation	in	the	C-DT.	Our	results	also	suggest	
that the amplitude of the negative peak and integral value of MRCP can be used during motor preparation to detect changes 
in	the	divided	attention	of	participants,	specifically	at	different	levels	of	task	complexity.

In	the	case	of	hand	movements,	the	bilateral	supplementary	motor	area	(SMA)	and	lateral	precentral	gyrus	are	considered	
to be the main sources of MRCP7).	Previous	studies	using	functional	magnetic	resonance	imaging	(fMRI)	suggest	a	role	for	
the SMA in the preparation of voluntary actions21–24).	The	SMA	is	more	active	when	attending	to	a	movement	that	is	being	
performed intentionally than when it is performed automatically25,	26) or when attention is occupied by a distractor task27).	
The SMA is also involved in orienting attention to points in time28, 29) and in selecting the right moment to initiate an ac-
tion30, 31).	Therefore,	we	suggest	that	the	motor	task	used	in	the	present	study	reflects	the	function	of	the	SMA.

Anatomical	 connections	between	 the	prefrontal	 cortex	 and	SMA	are	known	 to	 exist32, 33).	The	dorsolateral	 prefrontal	
cortex	(DLPFC)	is	also	known	to	be	involved	in	our	tasks,	which	included	working	memory34–38).	Wiese	et	al.	suggested	that	
prefrontal	lesions	lead	to	reduced	neuronal	input	into	the	SMA,	and	this	deficit	in	the	preparatory	motor	network	may	cause	
the reduced MRCPs observed in patients with traumatic frontal brain injury39).	Therefore,	we	hypothesize	that	the	functions	
of	the	prefrontal	cortex,	including	the	DLPFC,	and	the	SMA,	and	the	state	of	these	networks	influenced	the	magnitude	of	
MRCP	in	the	present	study.

The	participants	performed	 the	dual	 task	 for	 the	first	 time	 in	 this	study.	When	participants	have	 to	perform	two	 tasks	
concurrently,	cognitive	processing	is	enhanced,	but	this	effect	is	more	enhanced	for	cognitive	skills	related	to	a	novel	and	
complex	task40).	This	may	be	related	to	the	effect	of	not	only	attention	but	also	executive	function	or	working	memory,	which	
refers to the cognitive processes in divided attention or when performing a new task3, 16, 41).

In	the	present	study,	we	used	a	visual	number	counting	task	with	two	levels	of	difficulty	to	alter	the	participants’	attention.	
Attention	 is	affected	by	not	only	visual	 stimuli	but	also	auditory	or	 tactile	 stimuli	 in	daily	 life.	Four	studies,	 in	which	a	
significant	effect	of	treatment	on	divided	attention	was	reviewed	by	Loetscher	et	al.8), assessed divided attention using the 
Paced Auditory Serial Addition Test42–44) or the divided attention subtest from the Tests of Attentional Performance45).	The	
Paced Auditory Serial Addition Test was performed with an auditory task, while the subtest from the Tests of Attentional 
Performance	was	assessed	by	auditory	and	visual	tasks	in	parallel.	In	the	future,	we	would	like	to	examine	if	the	same	results	
can	be	obtained	even	if	the	type	of	sensory	stimulus	is	changed.

The	participants	in	this	study	were	young	adults.	Age	has	been	shown	to	affect	brain	activity	during	dual-task	performance	
in	investigations	using	near-infrared	spectroscopy46–48)	and	fMRI49).	This	was	also	similar	to	pre-movement	neural	activity,	
i.e.,	MRCP50–52).	Different	patterns	of	increased	or	decreased	activation	of	task-specific	or	non-specific	neuronal	areas	have	
been reported3).	We	strongly	recommend	that	further	studies	(e.g.,	a	comparison	of	participants’	age,	disease,	and	neuroimag-
ing)	should	be	performed	to	understand	better	the	neural	bases	of	motor	preparation.

In	the	present	study,	we	explored	the	effects	of	dual	task	complexity	with	movement	frequency,	which	relies	on	an	internal	
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pacemaker and feedback, and the accuracy of a visual number counting task on MRCP in electroencephalogram electrodes 
C3	and	C4.	The	amplitude	and	integral	value	of	MRCP	from	C3	were	significantly	higher	in	the	S-DT	than	in	the	ST,	whereas	
they	were	similar	between	the	C-DT	and	ST.	Medium-load	divided	attention	(i.e.,	S-DT)	led	to	a	significantly	greater	change	
in	MRCP	magnitude	than	in	low-load	divided	attention	(i.e.,	ST).	However,	the	MRCP	of	high-load	divided	attention	(i.e.,	
C-DT)	was	similar	to	that	of	low-load	divided	attention.	These	results	suggest	that	MRCP	reflects	the	function	of	or	network	
between	the	SMA	and	DLPFC	and	may	serve	as	a	marker	for	screening	the	capacity	of	individuals	when	performing	dual	
tasks.
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