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Abstract.	 [Purpose]	No	previous	studies	have	confirmed	whether	the	effects	of	visual	feedback	on	motor	learn-
ing	vary	according	to	learner	skill	level	for	a	learning	task.	The	purpose	of	this	study	was	to	clarify	whether	dif-
ferences	in	skill	influence	the	effects	of	visual	feedback	on	motor	learning.	[Participants	and	Methods]	Sixty-four	
participants	were	 assigned	 to	 one	 of	 four	 different	 feedback	 groups	 (concurrent-100%,	 concurrent-50%,	 termi-
nal-100%,	or	terminal-50%).	The	learning	task	was	to	adjust	the	load	amount	continuously	to	the	left	lower	limb	in	
accordance	with	sound	stimulation	at	intervals	of	1	Hz.	The	four	groups	performed	a	pretest,	practice	sessions,	and	
a	retention	test	24	hours	after	practice.	After	completing	these	measurements,	the	participants	were	classified	as	
either	high-	or	low-skilled	based	on	the	results	of	the	pretest.	[Results]	Only	the	groups	of	low-skilled	participants	
who	used	concurrent	feedback	showed	lower	root	mean	square	errors	in	the	retention	test	compared	to	in	the	pretest.	
[Conclusion]	Differences	in	skill	level	for	the	same	task	influenced	the	effects	of	visual	feedback	on	motor	learning.	
Furthermore,	concurrent	visual	feedback	can	help	improve	motor	learning	in	low-skilled	learners	for	the	same	task.
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INTRODUCTION

Visual	feedback	(VF)	is	a	manner	to	provide	augmented	feedback	in	various	practice	settings,	such	as	rehabilitation	and	
sports.	In	the	field	of	rehabilitation,	the	effects	of	VF	were	reported	on	neurological	disorders,	such	as	stroke	and	cerebral	
palsy1–3),	knee	osteoarthritis4)	and	the	older	adults	with	impaired	physical	function5).	Furthermore,	VF	has	been	verified	to	
not	only	be	therapeutic	but	also	suitable	for	acquiring	rehabilitation	skills6).	Classic	and	conventional	research	on	feedback	
and	motor	learning	suggest	that	motor	learning	cannot	take	place	without	providing	feedback	including	VF7).	Timing	and	
frequency	are	important	factors	of	VF.	Two	kinds	of	timing	were	defined:	concurrent	and	terminal8).	Concurrent	VF	(CVF)	is	
presented	concurrently	with	the	movement,	and	the	learner	is	influenced	by	such	information	during	the	performance	of	the	
movement.	In	contrast,	with	terminal	VF	(TVF),	the	learner	receives	information	after	the	performance	of	the	movement.	The	
feedback	frequency	is	defined	by	the	ratio	of	the	number	of	trials	for	which	feedback	is	given	to	the	number	of	practice	trials.	
For	example,	at	100%	feedback,	the	learner	is	given	feedback	for	all	trials,	and	at	50%	feedback	only	once	per	two	trials.	The	
effects	of	feedback	frequency	and	timing	on	motor	learning	have	been	verified	in	simple	and	complex	tasks,	respectively.

Wulf	and	Shea9)	reported	that	it	is	difficult	to	clearly	define	the	complexity	of	a	given	task;	however,	they	stipulated	that	
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complex	tasks	are	those	that	are	learnt	across	multiple	sessions,	whose	movements	have	several	degrees	of	freedom,	and	are	
probably	prone	to	being	ecologically	valid.	In	other	words,	complex	tasks	are	often	practical	tasks	such	as	a	sports	action.	On	
the	other	hand,	simple	tasks	are	those	that	have	a	single	degree	of	freedom,	can	be	learnt	in	a	single	session,	and	appear	to	be	
artificial.	In	short,	simple	tasks	are	tasks	such	as	the	tapping	task	used	in	classical	research.

Regarding	the	difference	of	feedback	timing	on	motor	learning,	in	previous	studies,	CVF	was	found	to	be	more	beneficial	
for	immediate	performance,	yet	more	detrimental	to	the	long-term	retention	of	motor	skills	when	compared	with	TVF10–12).	
On	the	other	hand,	some	studies	using	complex	tasks	support	the	effectiveness	of	CVF,	but	there	are	few	reports	claiming	that	
CVF	is	more	effective	in	motor	learning	than	TVF13, 14).	Regarding	the	influence	of	feedback	frequency	on	motor	learning,	
it	has	been	reported	 that	on	simple	 tasks,	 low	frequency	TVF	was	not	as	effective	as	high	frequency	TVF	 in	 improving	
performance	during	practice,	yet	was	effective	in	terms	of	motor	learning15–17).	Additionally,	in	reports	on	CVF	of	different	
frequencies,	it	is	generally	considered	ineffective	for	motor	learning;	however,	it	has	also	been	reported	to	be	effective	for	
motor	learning,	but	only	when	used	at	a	low	frequency9,	18–20).	By	contrast,	for	complex	tasks,	there	are	reports	that	both	low	
frequency	CVF	and	TVF	were	effective	for	motor	learning	and	reports	that	frequent	CVF	might	work	effectively	for	motor	
learning21, 22).

Previous	studies	have	reported	that	high	frequency	feedback	or	CVF	in	simple	tasks	improved	performance	during	prac-
tice,	but	it	was	likely	to	degrade	motor	learning.	Therefore,	it	was	believed	that	motor	learning	was	effectively	enhanced	by	
lowering	the	frequency	of	both	CVF	and	TVF.	On	the	other	hand,	in	complex	tasks,	CVF	is	thought	to	improve	performance	
during	practice,	but	it	is	not	clear	whether	it	is	CVF	or	TVF	that	is	more	effective	in	motor	learning.	Many	studies	on	task	
complexity	and	VF	have	defined	task	complexity	according	to	the	type	of	task.

However,	in	reviewing	the	relationship	between	feedback	and	motor	learning,	it	was	reported	that	the	influence	of	feed-
back	on	motor	learning	changes	depending	on	how	complex	the	task	is	for	learners23).	In	other	words,	the	feedback	group	
effective	for	motor	learning	changes	depending	on	the	skill	level	of	the	learner	with	respect	to	the	task.	However,	studies	on	
VF	groups	and	motor	learning	considering	learners’	skill	levels	were	not	conducted.

If	it	is	possible	to	select	a	VF	group	based	on	a	learner’s	skill	level	at	the	start	of	practice,	it	can	effectively	lead	to	motor	
learning.	Therefore,	the	purpose	of	this	study	was	to	clarify	whether	differences	in	skill	level	influence	the	effects	of	visual	
feedback	on	motor	learning.	Furthermore,	we	also	attempted	to	examine	the	effects	of	VF	timing	and	frequency	on	learners	
with	different	skill	levels.

PARTICIPANTS AND METHODS

Sixty-four	healthy	young	adults	(32	males,	32	females)	participated	in	this	study.	Their	mean	age	was	22.2	±	1.9	years.	All	
participants	had	no	history	of	neurological	or	musculoskeletal	pathology,	and	had	never	performed	a	learning	task.	Ethical	
approval	for	this	study	was	obtained	from	the	Ibaraki	Prefectural	University	of	Health	Sciences	Ethics	Committee	(Approval	
No.	684).	We	explained	the	procedures	to	the	participants	and	obtained	their	written	informed	consent	to	participate	in	this	
study	before	testing	began.

The	learning	task	was	to	adjust	the	load	amount	continuously	to	the	left	lower	limb	in	accordance	with	sound	stimulation	
at	intervals	of	1	Hz.	Participants	took	a	standing	posture	with	the	left	lower	limb	on	the	force	plate	(Kistler	Instruments	AG,	
Winterthur,	Switzerland).	Participants	were	instructed	to	hold	off	on	starting	the	task	until	the	fifth	tone	of	the	sound	stimulus	
and	were	asked	to	adjust	the	load	amount	on	the	left	lower	limb	from	the	sixth	tone	in	the	order	of	55%,	65%,	80%,	65%,	
55%,	65%,	and	55%	of	the	weight	of	each	participant.	The	order	of	load	adjustment	is	shown	in	Fig.	1.	This	study	employed	
a	method	developed	by	the	authors.

The	load	on	the	left	lower	limb	was	measured	with	the	force	plate	at	a	sampling	frequency	of	100	Hz.	The	VF	was	created	
by	using	three	lamps	arranged	in	the	order	of	green,	blue,	and	red,	from	right	to	left.	The	green,	blue,	and	red	lamps	were	set	
so	that	they	light	up	when	the	amount	of	load	on	the	left	lower	limb	fell	within	±	2%	of	55%,	65%,	and	80%	of	the	weight	of	
each	participant.	The	three	lamps	were	controlled	using	an	analog	multipoint	comparator	MuWiC	(Unimation	System	Inc.,	
Kanagawa,	Japan).	MuWiC	is	a	controller	 that	manipulates	the	switching	on/off	of	eight	channels	according	to	the	input	
voltage.	The	signal	in	the	Z	axis	of	the	force	plate	was	input	to	the	MuWiC	and	the	result	was	outputted	to	the	three	lamps	
according	to	the	input	value	to	the	MuWiC.	All	lamps	were	set	not	to	light	up	when	the	load	on	the	left	lower	limb	was	outside	
the	range	specified	to	light	the	lamp.	The	measurement	environment	is	shown	in	Fig.	2.	The	three	lamps	were	displayed	on	
a	21-inch	monitor	placed	1.5	m	away	from	the	participants.	The	speaker	for	reproducing	the	sound	stimulus	for	timing	the	
movement	was	placed	on	the	left	side	of	the	monitor.

In	advance	of	the	measurement,	the	weight	of	each	participant	was	measured	using	the	force	plate,	and	55%,	65%,	and	
80%	of	the	weight	of	each	participant	was	calculated.	We	then	explained	the	learning	task	and	the	VF	groups	to	the	partici-
pants.	Procedures	are	shown	in	Fig.	3.	The	participants	completed	a	pretest,	practice	trials,	and	a	retention	test.	In	the	pretest,	
the	participants	performed	six	trials	without	feedback.	The	practice	session	consisted	of	three	blocks	of	six	trials	each,	with	
a	1-min	break	between	each	block.	Participants	were	given	a	20-sec	interval	between	each	trial.	During	the	practice	trials,	
participants	received	VF	in	the	assigned	condition.	The	retention	test	was	conducted	24	hours	after	completion	of	the	practice	
and	was	similar	to	that	of	the	pretest.

VF	of	varying	timing	and	frequency	was	used	in	this	study.	Two	VF	timings	of	CVF	and	TVF	were	used.	CVF	was	given	
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by	displaying	the	state	of	the	three	lamps	on	the	monitor	during	task	
execution.	The	TVF	was	given	after	completion	of	the	task	by	re-
producing	images	of	three	lamps	and	sound	stimuli	recorded	during	
task	execution.	Next,	two	VF	frequencies	of	100%	and	50%	were	
used.	At	100%	group,	VF	was	given	for	all	 trials.	At	50%	group,	
VF	was	given	at	a	rate	of	once	per	2	trials.	Therefore,	in	this	study,	
four	VF	groups	 (of	100%	CVF,	50%	CVF,	100%	TVF,	 and	50%	
TVF)	were	 used.	The	 participants	were	 quasi-randomly	 assigned	
to	one	of	four	feedback	groups	such	that	 the	male	to	female	ratio	
was	1:1	for	each	group.	Furthermore,	we	classified	the	participants	
into	a	high-skilled	and	a	low-skilled	group	based	on	the	initial	skill	
level	(Fig.	4).	Of	the	64	participants,	32	with	higher	pretest	results	
were	 classified	 as	 high-skilled	 group,	 and	 the	 remaining	 32	were	
classified	 as	 low-skilled	 group.	 Therefore,	 the	 breakdown	 of	 the	
participants	included	in	the	high-skilled	group	was	7	for	100%	TVF,	
9	for	50%	TVF,	6	for	100%	CVF,	and	10	for	50%	CVF.	Further,	the	
breakdown	of	the	participants	included	in	the	low-skilled	group	was	9	in	100%	TVF,	7	in	50%	TVF,	10	in	100%	CVF	and	
6	in	50%	CVF.	Since	the	classification	of	the	skill	level	was	done	after	sorting	participants	to	each	VF	group,	the	number	of	
participants	included	in	each	group	varied.

In	this	study,	Root	Mean	Square	Error	(RMSE)	was	used	as	a	parameter	to	evaluate	performances	during	practice	and	
motor	learning.	In	addition,	because	participants	were	instructed	to	turn	on	the	lamps	of	VF	according	to	the	6th,	7th,	8th,	
9th,	10th,	11th,	and	12th	notes	of	stimulus	sound,	data	of	the	load	amount	of	598	to	602	ms,	698	to	702	ms,	798	to	802	ms,	

Fig. 1.	 Schematic	diagram	of	the	task.
Vertical	axis:	The	relative	value	of	the	load	amount	applied	to	the	left	
lower	limb	to	the	weight	of	each	participant	(%).
Horizontal	axis:	Progress	of	sound	stimulation	that	sounds	at	intervals	
of	1	Hz.
Dotted	line:	The	order	of	the	target	load	amount	to	the	left	lower	limb.

Fig. 2.	 Measurement	environment.
VF:	Visual	feedback.

Fig. 3.	 Schedule	of	measurement.
VF:	Visual	feedback.
In	the	practice	session,	 there	was	a	1-min	break	between	each	block	
and	a	20-sec	interval	between	each	trial.

Fig. 4.	 Schedule	 of	 analysis	 and	 assignment	 to	 visual	
feedback	(VF)	and	skill	level	groups.

TVF:	Terminal	visual	feedback;	CVF:	Concurrent	visual	
feedback.
Participants	were	assigned	to	one	of	four	feedback	groups	
before	the	pretest.	After	measurements	of	all	participants	
were	 completed,	 they	 were	 classified	 into	 either	 high-
skilled	or	 low-skilled	groups	based	on	 the	 results	of	 the	
pretests	of	all	participants.	The	number	of	people	in	both	
groups	was	 the	same.	Statistical	analysis	was	done	after	
classifying	skill	levels.
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898	to	902	ms,	998	to	1,002	ms,	1,098	to	1,102	ms,	and	1,198	to	1,202	ms	were	used	to	calculate	RMSE.	RMSE	was	the	
value	obtained	by	dividing	the	average	value	of	the	absolute	error	from	the	target	value	for	each	sampling	time	by	the	body	
weight	of	each	participant.

Statistical	analyses	were	conducted	using	IBM	SPSS	Statistics	24	(IBM	Corp.,	NY,	USA)	for	Windows.	The	design	for	
the	analysis	of	the	test	and	acquisition	data	was	a	2	×	2	×	2	×	5	(timing	×	frequency	×	skill	level	×	test	and	practice)	ANOVA	
with	repeated	measures	on	the	last	factor.	Post	hoc	tests	were	conducted	when	significant	main	effects	or	interactions	were	
observed.	Statistical	significance	was	set	at	p<0.05.

RESULTS

Table	1	shows	the	transition	of	RMSE	of	each	group	in	the	pretest,	practice	trial,	and	retention	test.	For	repeated	measures	
analyses,	Greenhouse-Geisser	correction	was	applied	to	adjust	for	sphericity	in	this	study.	A	significant	test	and	practice	main	
effect	was	observed,	F	(3.520,	197.130)=18.383,	p<0.001,	ηp2=0.247.	A	significant	timing	×	skill	level	×	test	and	practice	
interaction	was	also	found,	F	(3.520,	197.130)=3.680,	p<0.001,	ηp2=0.062.	Based	on	this	result,	two	two-way	analyses	of	
variance	were	performed	(Table	2).

First,	because	significant	 interaction	was	observed	in	timing	×	skill	 level	×	test	and	practice,	2	×	5	(timing	×	test	and	
practice)	ANOVA	with	repeated	measures	on	the	last	factor	and	post	hoc	tests	were	performed	for	each	skill	group.	In	the	
high-skilled	group,	no	significant	main	or	interaction	effects	were	found.	In	the	low-skilled	group,	a	significant	main	effect	
was	found	at	test	and	practice,	F	(2.934,	88.014)=19.907,	p<0.001,	ηp2=0.399	and	significant	interaction	was	found	between	
test	and	practice	×	timing,	F	(2.934,	88.014)=4.864,	p=0.004,	ηp2=0.140.	As	a	significant	interaction	was	observed	in	test	and	
practice	×	timing,	the	one-way	ANOVA	with	repeated	measures	on	the	test	and	practice	were	performed	for	the	low-skilled	
CVF	and	TVF	groups.	In	the	low-skilled	CVF	group,	the	significant	main	effect	was	found	and	the	Tukey	procedure	indicated	
that	Block	1,	Block	2,	Block	3	and	the	retention	test	were	significantly	smaller	than	the	pretest	(Table	2a**).	In	the	low-skilled	
TVF	group,	a	significant	main	effect	was	not	found.	As	a	result	of	independent	t-tests	for	the	CVF	and	TVF	groups	at	each	
test	and	practice,	the	low-skilled	CVF	group	showed	a	significantly	smaller	value	compared	to	the	TVF	group	in	Blocks	1,	
2,	and	3	(Table	2b**).

Next,	2	×	5	(skill	level	×	test	and	practice)	ANOVA	with	repeated	measures	on	the	last	factor	and	post	hoc	tests	were	per-
formed	for	each	timing	group.	In	the	TVF	group,	a	significant	main	effect	was	found	at	skill	level,	F	(1,	30)=11.391,	p=0.002,	
ηp2=0.275,	with	 the	high-skilled	group	showing	a	significantly	smaller	value	 than	 the	 low-skilled	group	(Table	2c**).	 In	
the	CVF	group,	a	significant	main	effect	was	found	at	test	and	practice,	F	(3.021,	90.620)=15.807,	p<0.001,	ηp2=0.345	and	

Table 1.		Changes	in	root	mean	square	error	(RMSE)	for	each	skill	level	and	visual	feedback	(VF)	condition

Skill	Level VF Pretest Block	1 Block	2 Block	3 Retention Test

High

100%TVF 13.1	±	3.7 12.9	±	3.5 11.6	±	4.4 9.8	±	4.4 11.4	±	4.4
50%TVF 14.2	±	2.8 13.1	±	4.8 13.0	±	5.3 12.3	±	5.6 14.0	±	7.5
100%CVF 14.7	±	2.1 12.7	±	2.3 11.8	±	4.3 10.3	±	3.3 13.1	±	3.1
50%CVF 13.2	±	2.3 12.8	±	2.2 13.8	±	4.4 14.5	±	6.0 14.5	±	6.7

Low

100%TVF 21.4	±	2.1 16.8	±	5.2 15.8	±	5.5 14.9	±	4.7 14.3	±	7.9
50%TVF 22.4	±	2.8 23.0	±	7.5 22.1	±	10.0 19.2	±	9.5 19.5	±	8.9
100%CVF 22.9	±	4.4 14.1	±	4.3 11.6	±	4.3 10.3	±	3.6 13.3	±	4.6
50%CVF 21.5	±	3.4 11.9	±	4.1 11.6	±	2.4 12.0	±	3.1 15.6	±	6.2

Values	are	presented	as	the	mean	±	standard	deviation	(SD).
TVF:	Terminal	visual	feedback;	CVF:	Concurrent	visual	feedback.

Table 2.		Changes	in	RMSE	for	each	skill	level	and	VF	timing

Skill	level VF	timing Pretest Block	1 Block	2 Block	3 Retention test

High
TVF 13.7	±	3.1 13.0	±	4.2 12.4	±	4.9 11.2	±	5.1 12.9	±	6.3
CVF 13.8	±	2.3 12.8	±	2.2 13.0	±	4.3 13.0	±	5.4 14.0	±	5.5

Low
TVF 21.8	±	2.4 19.5	±	6.8 18.6	±	8.2 16.8	±	7.3 16.6	±	8.5
CVFa** 22.3	±	4.0 13.3	±	4.2 11.6	±	3.6 11.0	±	3.4 14.2	±	5.2

Values	are	presented	as	mean	standard	deviation.
RMSE:	Root	Mean	Square	Error;	VF:	Visual	feedback;	TVF:	Terminal	visual	feedback;	CVF:	Concurrent	visual	feedback.
a**:	In	the	low-skilled	CVF	group,	the	Tukey	procedure	indicated	that	Block	1,	Block	2,	Block	3	and	the	retention	test	were	
significantly	smaller	than	the	pretest	(respectively,	p<0.001).
b**:	The	 low-skilled	CVF	group	 showed	 a	 significantly	 smaller	 value	 compared	 to	 the	TVF	group	 in	Blocks	 1,	 2,	 and	3	
(p=0.004,	p=0.004,	and	p=0.007,	respectively).
c**:	In	the	TVF	group,	the	high-skilled	group	showing	a	significantly	smaller	value	than	the	low-skilled	group	(p=0.002).
d**:	In	the	CVF	group,	the	high-skilled	group	showed	a	significantly	smaller	value	than	the	low-skilled	group	in	the	pretest	
(p<0.001).

c**
d** b** b** b**
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significant	interaction	was	found	for	test	and	practice	×	skill	level,	F	(3.021,	90.620)=11.938,	p<0.001,	ηp2=0.285.	As	a	result	
of	independent	t-tests	for	the	high-skilled	and	low-skilled	groups	at	each	test	and	practice,	the	high-skilled	group	showed	a	
significantly	smaller	value	than	the	low-skilled	group	in	the	pretest	(Table	2d**).

DISCUSSION

The	purpose	of	this	study	was	to	clarify	whether	differences	in	skill	level	influence	the	effects	of	visual	feedback	on	motor	
learning.	The	results	of	this	study	showed	that	improvement	of	performance	during	practice	and	motor	learning	did	not	occur	
in	the	low-skilled	TVF	group.	By	contrast,	the	performance	of	the	low-skilled	CVF	group	during	practice	improved	to	the	
same	level	as	the	high-skilled	groups.	Furthermore,	the	low-skilled	CVF	group	did	not	differ	from	the	other	groups	in	the	
retention	test,	but	it	was	the	only	motor	learning	caused	in	the	low-skilled	CVF	group.	In	the	high-skilled	group,	there	was	
no	improvement	of	performance	during	practice	and	motor	learning	for	any	VF	groups.	In	addition,	the	VF	frequency	did	not	
show	any	significant	main	effect	or	interaction	with	other	factors.

In	this	research,	the	task	of	continuously	adjusting	the	load	amount	was	used.	Winstein	et	al.24) investigated the learning 
effects	of	CVF	and	TVF	by	using	 the	 task	of	 statically	adjusting	 the	 load	amount	on	 the	 lower	 limbs.	 It	was	 shown	by	
Winstein	et	al.	that	CVF	effectively	improved	performance	during	practice	yet	degraded	motor	learning.	Their	study	yielded	
results	similar	to	many	previous	studies	using	simple	learning	tasks.

Both	our	study	and	the	study	by	Winstein	et	al.	used	learning	tasks	to	adjust	the	load	amount,	but	different	results	were	
obtained.	The	reason	for	this	difference	is	that	the	learning	task	in	this	study	involves	the	temporal	factor	of	performing	the	
load	adjustment	at	the	designated	times,	which	is	a	complex	task	compared	to	the	static	load	adjustment	task	used	by	Winstein	
et	al.	Because	the	learning	task	in	our	study	was	complex,	it	was	presumed	that	the	low-skilled	TVF	group	failed	to	improve	
performance	during	practice	and,	therefore,	did	not	cause	motor	learning.	Due	to	the	difference	between	the	two	studies,	it	
is	thought	that	the	effective	VF	group	for	motor	learning	is	not	determined	by	the	type	of	learning	task.	Even	with	similar	
tasks,	the	difficulty	for	learners	varies	depending	on	the	complexity	of	the	task,	so	it	is	believed	that	the	effective	VF	groups	
may	change	accordingly.

Some	studies	that	use	complicated	learning	tasks,	such	as	athletic	movements,	reported	that	the	CVF	may	contribute	to	
motor	learning,	but	no	research	has	reported	that	the	effect	exceeds	the	learning	effect	with	TVF13, 22, 25–27).	These	previous	
studies	did	not	consider	differences	in	the	learners’	skill	levels.	Wishart	et	al.	examined	the	effective	VF	timing	in	motor	
learning in the young and older adults28).	In	the	study,	a	bimanual	coordination	task,	assumed	to	be	complex,	was	used.	As	a	
result,	young	adults	demonstrated	motor	learning	with	both	CVF	and	TVF,	but	older	adults	demonstrated	motor	learning	only	
with	CVF.	The	older	adults	in	that	study	and	the	low-skilled	groups	in	our	study	showed	similar	results	in	the	motor	learning	
of	complex	tasks	with	CVF.

However,	there	were	differences	between	the	results	of	our	study	and	those	of	Wishart	et	al.	In	Wishart	et	al.’s	study,	motor	
learning	occurred	with	both	CVF	and	TVF	groups	in	young	adults,	but	improvement	in	performance	during	practice	and	
motor	learning	did	not	occur	with	all	VF	groups	in	the	high-skilled	groups	in	our	study.	There	are	two	possible	reasons	for	
this.	First,	the	high-skilled	participants	in	this	study	may	have	had	high	skills	at	the	start	of	practice	and,	hence,	little	scope	
for	performance	improvement.	In	other	words,	since	the	learning	task	used	in	this	study	was	an	original	task,	participants	in	
the	high-skilled	group	may	show	a	ceiling	effect.	Even	under	the	low-skilled	CVF	group,	the	performance	during	practice	
improved	to	the	same	level	as	the	high-skilled	groups,	but	no	further	improvement	in	the	performance	was	noted.	Secondly,	
it	 is	possible	 that	 the	visual	 information	used	as	VF	might	not	have	been	 the	kind	of	 information	 that	could	change	 the	
performance	of	the	high-skilled	participants	in	this	study.	Chiou	and	Chang29)	examined	the	effects	of	continuous	and	discrete	
CVF	and	discrete	concurrent	auditory	feedback	on	motor	learning	for	the	bimanual	coordination	task.	The	results	of	their	
study	showed	that	continuous	CVF	caused	better	performance	than	other	feedback	groups	during	practice	yet	was	unable	
to	maintain	such	performance	in	the	retention	test.	On	the	other	hand,	in	discrete	visual	and	auditory	feedback,	improved	
performance	during	practice	and	motor	learning	occurred.	The	three	lamps	used	as	VF	in	our	study	was	discrete	information,	
and	the	participants	did	not	know	the	load	amount	to	the	left	lower	limb	when	the	load	amount	was	outside	the	range	of	
55%,	65%,	and	80%	±	2%.	In	addition,	the	bandwidth	of	±	2%	set	on	the	lamps	allowed	for	some	error,	so	that	high-skilled	
participants	already	demonstrated	the	maximum	performance	possible	with	VF	at	the	beginning	of	practice.	In	order	to	cause	
motor	learning,	it	is	believed	that	the	VF	should	be	the	kind	of	information	that	can	improve	performance	during	practice.

Previous	studies	using	simple	tasks	reported	that	CVF	was	effective	for	motor	learning	only	when	used	at	a	low	frequen-
cy9,	19,	20–22).	Wulf	et	al.22)	used	a	complicated	ski-slalom	task	to	investigate	the	learning	effects	of	high	and	low	frequency	
CVF.	As	a	result,	high	frequency	CVF	caused	better	performance	during	practice	than	low	frequency	CVF,	but	no	difference	
in	motor	learning	was	reported.	In	the	present	study,	the	participants	with	the	high-skilled	group	showed	better	performance	
at	the	beginning	of	practice,	which	was	unchanged	with	VF.	Therefore,	regardless	of	whether	VF	frequency	was	high	or	low,	
the	effect	of	VF	was	not	observed.

In	the	low-skilled	TVF	group,	improvement	of	performance	during	practice	did	not	occur	even	with	100%	TVF,	which	is	
generally	effective	for	practicing	complex	tasks.	Even	with	50%	TVF,	the	improvement	in	performance	and	motor	learning	
did	not	occur.	On	the	other	hand,	under	the	low-skilled	CVF	groups,	the	100%	and	50%	groups	caused	the	same	improve-
ments	in	performance	during	practice	and	motor	learning.	The	results	of	the	study	by	Wulf	et	al.	showed	differences	between	
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groups	during	practice,	but	in	our	study	no	difference	was	found	between	the	groups.	The	reason	for	this	is	believed	to	be	the	
degree	of	influence	that	visual	information	has	on	performance	during	practice.	Both	the	50%	and	100%	groups	improved	
performance	up	to	the	maximum	level	of	performance	that	could	be	demonstrated	by	using	the	VF	information	of	this	study	
at	Block	1.	Therefore,	there	was	no	improvement	in	performance	due	to	practice	beyond	that.

Based	on	the	results	of	this	study,	it	is	recommended	that	learners	with	a	low	skill	level	practice	complex	motor	tasks	to	
improve	performance	and	motor	learning	by	practicing	the	CVF.	A	possible	limitation	of	this	study	is	that	the	skill	level	of	
participants	in	the	study	had	to	be	judged,	and	the	criteria	for	judging	skill	level	may	differ	depending	on	learning	tasks.	In	
order	to	apply	the	results	of	this	research	to	other	tasks,	it	will	be	necessary	to	develop	a	method	for	judging	a	learner’s	skill	
level	in	any	learning	task.	In	addition,	the	quality	of	information	presented,	such	as	the	continuity	of	VF,	may	also	be	a	factor	
influencing	performance	during	practice	and	motor	learning.	Since	the	learning	task	used	in	this	study	was	an	original	task,	
the	possibility	that	the	high-skilled	group	had	a	ceiling	effect	cannot	be	denied.	Future	studies	should	analyze	the	highest	
performance	level	of	the	learning	task	used	in	this	study.	In	addition,	we	will	examine	the	effects	of	the	quality	of	visual	
information	on	performance	during	practice	and	motor	learning	vis-à-vis	the	learner’s	skill	level	on	the	task.

Funding and Conflict of interest
There	is	no	conflict	of	interests	to	declare	and	support	with	funding	in	this	study.

REFERENCES

1)	 Barcala	L,	Grecco	LA,	Colella	F,	et	al.:	Visual	biofeedback	balance	training	using	wii	fit	after	stroke:	a	randomized	controlled	trial.	J	Phys	Ther	Sci,	2013,	25:	
1027–1032.	[Medline]  [CrossRef]

2)	 Geiger	RA,	Allen	JB,	O’Keefe	J,	et	al.:	Balance	and	mobility	following	stroke:	effects	of	physical	therapy	interventions	with	and	without	biofeedback/force-
plate	training.	Phys	Ther,	2001,	81:	995–1005.	[Medline]

3)	 Burtner	PA,	Leinwand	R,	Sullivan	KJ,	et	al.:	Motor	learning	in	children	with	hemiplegic	cerebral	palsy:	feedback	effects	on	skill	acquisition.	Dev	Med	Child	
Neurol,	2014,	56:	259–266.	[Medline]  [CrossRef]

4)	 Barrios	JA,	Crossley	KM,	Davis	IS:	Gait	retraining	to	reduce	the	knee	adduction	moment	through	real-time	visual	feedback	of	dynamic	knee	alignment.	J	
Biomech,	2010,	43:	2208–2213.	[Medline]  [CrossRef]

5)	 Begg	RK,	Tirosh	O,	Said	CM,	et	al.:	Gait	training	with	real-time	augmented	toe-ground	clearance	information	decreases	tripping	risk	in	older	adults	and	a	
person	with	chronic	stroke.	Front	Hum	Neurosci,	2014,	8:	243.	[Medline]  [CrossRef]

6)	 Pasquier	M,	Cheron	C,	Dugas	C,	et	al.:	The	effect	of	augmented	feedback	and	expertise	on	spinal	manipulation	skills:	an	experimental	study.	J	Manipulative	
Physiol	Ther,	2017,	40:	404–410.	[Medline]  [CrossRef]

7)	 Thorndike	EL:	The	law	of	effect.	Am	J	Psychol,	1927,	39:	212–222.		[CrossRef]
8)	 Holding	DH:	Principles	of	training:	knowledge	of	results.	Oxford:	Pergamon	Press,	1965,	pp	15–35.
9)	 Wulf	G,	Shea	CH:	Principles	derived	from	the	study	of	simple	skills	do	not	generalize	to	complex	skill	learning.	Psychon	Bull	Rev,	2002,	9:	185–211.	[Medline]  

[CrossRef]
10)	 Smyth	MM:	Attention	to	visual	feedback	in	motor	learning.	J	Mot	Behav,	1978,	10:	185–190.	[Medline]  [CrossRef]
11)	 Annett	J:	Learning	a	pressure	under	conditions	of	immediate	and	delayed	knowledge	of	results.	Q	J	Exp	Psychol,	1959,	11:	3–15.		[CrossRef]
12)	 Vander	Linden	DW,	Cauraugh	JH,	Greene	TA:	The	effect	of	frequency	of	kinetic	feedback	on	learning	an	isometric	force	production	task	in	nondisabled	

subjects.	Phys	Ther,	1993,	73:	79–87.	[Medline]  [CrossRef]
13)	 Chang	JY,	Chang	GL,	Chien	CJ,	et	al.:	Effectiveness	of	two	forms	of	feedback	on	training	of	a	joint	mobilization	skill	by	using	a	joint	translation	simulator.	

Phys	Ther,	2007,	87:	418–430.	[Medline]  [CrossRef]
14)	 Lee	M,	Moseley	A,	Refshauge	K:	Effect	of	feedback	on	learning	a	vertebral	joint	mobilization	skill.	Phys	Ther,	1990,	70:	97–102,	discussion	103–104.	[Med-

line]  [CrossRef]
15)	 Guadagnoli	MA,	Dornier	LA,	Tandy	RD:	Optimal	length	for	summary	knowledge	of	results:	the	influence	of	task-related	experience	and	complexity.	Res	Q	

Exerc	Sport,	1996,	67:	239–248.	[Medline]  [CrossRef]
16)	 Lavery	J:	Retention	of	simple	motor	skills	as	a	function	of	type	of	knowledge	of	results.	Can	J	Psychol,	1962,	16:	300–311.		[CrossRef]
17)	 Schmidt	RA,	Young	DE,	Swinnen	S,	et	al.:	Summary	knowledge	of	results	for	skill	acquisition:	support	for	the	guidance	hypothesis.	J	Exp	Psychol	Learn	Mem	

Cogn,	1989,	15:	352–359.	[Medline]  [CrossRef]
18)	 Fox	PW,	Michael	Levy	C:	Acquisition	of	a	simple	motor	response	as	influenced	by	the	presence	or	absence	of	action	visual	feedback.	J	Mot	Behav,	1969,	1:	

169–180.	[Medline]  [CrossRef]
19)	 Park	JH,	Shea	CH,	Wright	DL:	Reduced-frequency	concurrent	and	terminal	feedback:	a	test	of	the	guidance	hypothesis.	J	Mot	Behav,	2000,	32:	287–296.	

[Medline]  [CrossRef]
20)	 Blandin	Y,	Toussaint	L,	Shea	CH:	Specificity	of	practice:	interaction	between	concurrent	sensory	information	and	terminal	feedback.	J	Exp	Psychol	Learn	

Mem	Cogn,	2008,	34:	994–1000.	[Medline]  [CrossRef]
21)	 Kovacs	AJ,	Shea	CH:	The	learning	of	90°	continuous	relative	phase	with	and	without	Lissajous	feedback:	external	and	internally	generated	bimanual	coordina-

tion.	Acta	Psychol	(Amst),	2011,	136:	311–320.	[Medline]  [CrossRef]
22)	 Wulf	G,	Shea	CH,	Matschiner	S:	Frequent	feedback	enhances	complex	motor	skill	learning.	J	Mot	Behav,	1998,	30:	180–192.	[Medline]  [CrossRef]
23)	 Sigrist	R,	Rauter	G,	Riener	R,	et	al.:	Augmented	visual,	auditory,	haptic,	and	multimodal	feedback	in	motor	learning:	a	review.	Psychon	Bull	Rev,	2013,	20:	

21–53.	[Medline]  [CrossRef]
24)	 Winstein	CJ,	Pohl	PS,	Cardinale	C,	et	al.:	Learning	a	partial-weight-bearing	skill:	effectiveness	of	two	forms	of	feedback.	Phys	Ther,	1996,	76:	985–993.	

http://www.ncbi.nlm.nih.gov/pubmed/24259909?dopt=Abstract
http://dx.doi.org/10.1589/jpts.25.1027
http://www.ncbi.nlm.nih.gov/pubmed/11276182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24438099?dopt=Abstract
http://dx.doi.org/10.1111/dmcn.12364
http://www.ncbi.nlm.nih.gov/pubmed/20452595?dopt=Abstract
http://dx.doi.org/10.1016/j.jbiomech.2010.03.040
http://www.ncbi.nlm.nih.gov/pubmed/24847234?dopt=Abstract
http://dx.doi.org/10.3389/fnhum.2014.00243
http://www.ncbi.nlm.nih.gov/pubmed/28822474?dopt=Abstract
http://dx.doi.org/10.1016/j.jmpt.2017.03.010
http://dx.doi.org/10.2307/1415413
http://www.ncbi.nlm.nih.gov/pubmed/12120783?dopt=Abstract
http://dx.doi.org/10.3758/BF03196276
http://www.ncbi.nlm.nih.gov/pubmed/15186980?dopt=Abstract
http://dx.doi.org/10.1080/00222895.1978.10735152
http://dx.doi.org/10.1080/17470215908416281
http://www.ncbi.nlm.nih.gov/pubmed/8421721?dopt=Abstract
http://dx.doi.org/10.1093/ptj/73.2.79
http://www.ncbi.nlm.nih.gov/pubmed/17341511?dopt=Abstract
http://dx.doi.org/10.2522/ptj.20060154
http://www.ncbi.nlm.nih.gov/pubmed/2296617?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2296617?dopt=Abstract
http://dx.doi.org/10.1093/ptj/70.2.97
http://www.ncbi.nlm.nih.gov/pubmed/8836005?dopt=Abstract
http://dx.doi.org/10.1080/02701367.1996.10607950
http://dx.doi.org/10.1037/h0083257
http://www.ncbi.nlm.nih.gov/pubmed/2522520?dopt=Abstract
http://dx.doi.org/10.1037/0278-7393.15.2.352
http://www.ncbi.nlm.nih.gov/pubmed/23941134?dopt=Abstract
http://dx.doi.org/10.1080/00222895.1969.10734844
http://www.ncbi.nlm.nih.gov/pubmed/10975276?dopt=Abstract
http://dx.doi.org/10.1080/00222890009601379
http://www.ncbi.nlm.nih.gov/pubmed/18605884?dopt=Abstract
http://dx.doi.org/10.1037/0278-7393.34.4.994
http://www.ncbi.nlm.nih.gov/pubmed/21216384?dopt=Abstract
http://dx.doi.org/10.1016/j.actpsy.2010.12.004
http://www.ncbi.nlm.nih.gov/pubmed/20037033?dopt=Abstract
http://dx.doi.org/10.1080/00222899809601335
http://www.ncbi.nlm.nih.gov/pubmed/23132605?dopt=Abstract
http://dx.doi.org/10.3758/s13423-012-0333-8


945

[Medline]  [CrossRef]
25)	 Snodgrass	SJ,	Rivett	DA,	Robertson	VJ,	et	al.:	Real-time	feedback	improves	accuracy	of	manually	applied	forces	during	cervical	spine	mobilisation.	Man	Ther,	

2010,	15:	19–25.	[Medline]  [CrossRef]
26)	 Eaves	D,	Breslin	G,	van	Schaik	P,	et	al.:	The	short-term	effects	of	real-time	virtual	reality	feedback	on	motor	learning	in	dance.	Presence	Camb,	2011,	20:	

62–77.		[CrossRef]
27)	 Maslovat	D,	Brunke	KM,	Chua	R,	et	al.:	Feedback	effects	on	learning	a	novel	bimanual	coordination	pattern:	support	for	the	guidance	hypothesis.	J	Mot	Behav,	

2009,	41:	45–54.	[Medline]  [CrossRef]
28)	 Wishart	LR,	Lee	TD,	Cunningham	SJ,	et	al.:	Age-related	differences	and	the	role	of	augmented	visual	feedback	in	learning	a	bimanual	coordination	pattern.	

Acta	Psychol	(Amst),	2002,	110:	247–263.	[Medline]  [CrossRef]
29)	 Chiou	SC,	Chang	EC:	Bimanual	coordination	learning	with	different	augmented	feedback	modalities	and	information	types.	PLoS	One,	2016,	11:	e0149221.	

[Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/8790276?dopt=Abstract
http://dx.doi.org/10.1093/ptj/76.9.985
http://www.ncbi.nlm.nih.gov/pubmed/19632877?dopt=Abstract
http://dx.doi.org/10.1016/j.math.2009.05.011
http://dx.doi.org/10.1162/pres_a_00035
http://www.ncbi.nlm.nih.gov/pubmed/19073470?dopt=Abstract
http://dx.doi.org/10.1080/00222895.2009.10125923
http://www.ncbi.nlm.nih.gov/pubmed/12102108?dopt=Abstract
http://dx.doi.org/10.1016/S0001-6918(02)00036-7
http://www.ncbi.nlm.nih.gov/pubmed/26895286?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0149221

