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ABSTRACT	
This	 study	 proposes	 a	 tailored	 intervention	 method	 that	 takes	
individual	 contexts	 into	 account	 to	 increase	 walking	 steps	 in	 a	
sustainable	way.	Continuous	exercise	is	necessary	to	reduce	the	risk	of	
lifestyle-related	diseases.	However,	many	people	are	too	busy	to	 take	
constant	 exercises.	 Many	 existing	 approaches	 take	 enforcing	ways	 in	
their	 support	 neglecting	 individual	 contexts,	which	 prevents	 them	 to	
motivate	individuals	to	exercise	spontaneously.	The	proposed	method	
figures	 out	 the	 periodicity	 of	 walking	 steps	 within	 every	 week.	 It	
regards	the	variation	of	the	walking	comes	from	inevitable	contexts	in	
the	 individual	 style	 of	 work	 and	 life.	 Reflecting	 the	 context,	 it	
encourages	individuals	with	messages	containing	nudges.	In	a	4-week	
experiment	with	13	university	students,	messages	on	days	of	the	week	
of	 low	 walking	 succeeded	 in	 the	 improvement	 of	 the	 consciousness	
toward	a	healthy	life.	The	use	of	periodicity	and	nudges	turns	out	to	be	
effective	to	lead	individuals	to	sustained	exercise.	
	
Keywords:	 eHealth;	 Nudge;	Walking;	 Seasonal	 trend	 decomposition;	 STL;	
Exercise.	

	
INTRODUCTION		

In	the	modern	world,	where	life	is	said	to	be	100	years	long,	we	should	consider	maintaining	our	
own	health.	It	is	essential	for	us	to	keep	constant	physical	activities	such	as	exercise	and	walking	
[1].	The	World	Health	Organization	(WHO)	refers	physical	activities	to	all	body	movement	during	
working	time	and	private	time.	It	is	recommended	to	have	constant	physical	activities	in	order	to	
prevent	lifestyle	diseases.	However,	1/4	of	adults	in	the	world	seldom	move	their	bodies	[2].	They	
are	 far	 from	 constant	 physical	 activities.	 Lack	 of	 physical	 activities	 matters	 so	 much	 that	
overcoming	against	it	has	become	a	worldwide	concern	[3].	Lack	of	physical	activities	matters	so	
much	that	overcoming	against	it	has	become	a	worldwide	concern.	
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There	 are	 two	 main	 reasons	 for	 the	 lack.	 One	 comes	 from	 low	 awareness	 of	 people	 for	 the	
relationship	of	physical	activities	with	their	health.	People	seldom	understand	the	healthful	and	
comfortable	 life	 owes	 to	 abundant	 physical	 activities.	 Many	 people	 realize	 the	 importance	 of	
physical	 activities	 only	 after	 they	 suffer	 from	 lifestyle	 diseases.	 The	 other	 one	 is	 strongly	
associated	with	constraints	against	having	physical	activities.	Many	workers	have	regular	working	
items	for	each	day	of	the	week.	Some	have	long	meetings	on	Tuesday,	while	others	have	to	write	a	
lot	of	reports	at	their	desks	on	Friday.	
	
Sensing	with	smartphones	are	put	into	practical	usage	for	the	recognition	of	physical	activities	[4].	
It	 is	 also	 noteworthy	 that	 almost	 all	 people	 carry	 smartphones	 at	 any	 time	 in	modern	 society.		
Smartphones	can	also	be	regarded	as	devices	to	bring	IT	solutions	which	enhance	the	awareness	
to	 achieve	 specific	 goals.	Hill	 et	 al.	 discussed	avatars	 interacting	with	 users	 to	 promote	 specific	
activities	[5].	It	is	troublesome	that	surrounding	people	must	frequently	motivate	persons	who	are	
likely	 to	 be	 short	 of	 physical	 activities.	 However,	 avatars	 never	 mind	 it.	 It	 is	 avatars	 that	 can	
frequently	 issue	messages	to	motivate	them.	Hamari	motivated	the	target	users	by	means	of	the	
badge	[6].	
	
This	paper	pays	attention	to	a	bias	in	busyness	for	each	day	of	the	week.	Depending	on	the	day	of	
the	week,	people	cannot	take	physical	activities,	even	though	they	want,	due	to	time	constraints.	
This	 common	 problem	 with	 many	 workers.	 Existing	 IT	 solutions	 for	 health	 promotion	 have	
ignored	the	periodicity	of	busyness.	IT	solutions	for	the	health	promotion	should	motivate	target	
users	toward	physical	activities	under	constraints	against	physical	activities	in	their	environment.		
This	 study	 considers	 the	 amount	 of	 walking	 important	 because	 even	 busy	 workers	 can	 easily	
introduce	 walking	 into	 their	 life	 as	 their	 physical	 activities	 to	 improve	 health.	 The	 proposed	
method	 in	 the	 study	 let	 avatars	 on	 smartphone	 support	 that	 the	 users	 improve	 the	 amount	 of	
walking	 steps.	 To	 motivate	 walking,	 the	 avatars	 use	 Nudge,	 which	 is	 valued	 in	 behavioral	
economics	 [7].	The	proposed	method	estimates	 the	periodicity	of	walking	 steps	each	day	of	 the	
week	using	seasonal	trend	decomposition.	The	avatar	shows	the	target	user	the	nudging	message	
according	 to	 the	 periodicity	 of	 walking	 steps	 each	 day.	 Through	 an	 experiment,	 this	 method	
clarifies	the	periodicity	of	walking	volume.	It	also	investigates	changes	in	walking	volume	due	to	
messages	with	nudge	reflecting	the	periodicity.	All	participants	in	the	experiment	are	clustered	by	
k-means++.	This	paper	discusses	the	effectiveness	of	specific	nudge	messages	against	each	cluster.	

	 	
LACK	OF	PHYSICAL	ACTIVITIES	AND	EXISTING	METHODS		

Current	Conditions	Of	Health	Care	Support		
Various	 solutions	 using	 IT	 are	 proposed	 for	 the	 lack	 of	 physical	 activities.	 The	 recent	
popularization	 of	 wearable	 devices	 enables	 us	 to	 measure	 movements	 and	 signals	 of	 human	
bodies	without	effort	 [8,9].	 It	has	brought	e-Health,	which	 incorporates	 IT	 into	medical	 care,	 to	
practical	use	[10,11].	The	incorporation	of	IT	into	medical	care	is	expected	to	reduce	social	costs	
that	come	from	the	health	management	of	various	populations	[12].	
	
Another	 expectation	 is	 gamification,	 which	 applies	 entertainment	 elements	 of	 games	 to	 other	
fields	 [6].	 A	 prominent	 example	 in	 health	 care	 is	 Pokemon	 GO.	 It	 is	 a	 game	 where	 users	 hunt	
Pokemon	monsters	in	the	real-world	using	GPS	information.	Its	contribution	to	the	increment	of	
walking	 steps	 is	discussed	 in	[13,14].	Rasche	et	 al.	 state	most	users	of	Pokemon	GO	initiate	 the	
game	because	they	are	fans	of	Pokemon,	a	quite	popular	cartoon.	Because	of	the	weak	motivation	
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towards	health	improvement,	many	of	them	are	confirmed	to	quit	playing	the	game	shortly	[15].	
Several	works	address	the	effects	of	Pokemon	GO	toward	health	improvement,	but	it	is	not	known	
what	characteristics	of	users	are	likely	to	receive	positive	effects	from	Pokemon	GO	[16].	Some	of	
Pokemon	 fans	might	 hardly	 receive	 positive	 effects	 because	 of	 their	 characteristics.	 In	order	 to	
improve	 health,	 it	 is	 desirable	 to	 provide	 an	 IT	 solution	 that	 increases	 physical	 activities	
constantly,	 not	 temporarily.	 The	 solution	 should	 take	 into	 consideration	 both	 of	 characteristics	
above	of	each	user	and	constraints	around	each	user	mentioned	in	Chapter	1.	
	
Nudge	and	Behavioral	Change	Wheel		
Nudges,	proposed	by	Thaler	[7]	in	2008	in	areas	of	behavioral	economics,	have	been	developed	for	
behavior	modification.	Nudges	mean	to	poke	lightly	with	an	elbow.	A	nudge	makes	the	best	use	of	
the	characteristics	and	biases	of	 target	persons.	 It	 lets	 target	persons	select	 the	expected	option	
without	coercion.	The	famous	nudge	example	is	the	decoration	of	a	fly	on	urinal	flies	at	Schiphol	
Airport	in	Amsterdam,	the	Netherlands.	Many	men	make	fly’s	decoration	their	targets	at	urination,	
which	has	 drastically	 reduced	 floor	 stains.	 The	 nudge	 has	 greatly	 contributed	 to	 a	 reduction	 in	
cleaning	costs.	A	nudge	that	considers	habits	and	characteristics	causes	people	to	act	expectedly	
without	enforcing	them	[17].		
	
Nudge	 is	 also	 expected	 to	 contribute	 to	 increasing	 physical	 activities	 [18,19].	 Nudge	 leading	
unconscious	 physical	 activities	 is	 expected	 to	 be	 more	 successful	 in	 making	 target	 persons	
continue	exercising	than	exercise	supports	with	enforcement.	Blumenthal-Barby	mentions	many	
governments	 and	 insurance	 companies	 utilize	 nudges	 for	 health	 care	 [20].	 Digital	 Nudge	 is	 a	
nudge	that	uses	a	user	interface	on	computing	devices	[21,22].	Hummel	states	that	Digital	Nudge	
have	 similar	effects	as	nudge	[23].	Cherubini	provided	 target	users	with	monetary	 rewards	and	
motivational	messages	to	make	target	users	continue	exercises	[24].	However,	 intrinsic	exercise	
motivation	was	reduced	in	many	target	users.	
	
Behavior	modification	has	been	studied	in	various	fields.	In	each	field,	nudges	whose	effectiveness	
have	been	confirmed	are	put	into	practical	use	in	a	heuristic	way	[25].	There	is	no	nudge	valid	in	
every	context.	Keywords	and	methods	are	different	in	each	context.	The	Behavior	Change	Wheel	
(BCW)	corresponds	effective	nudges	with	each	context.	BCW	is	a	framework	that	summarizes	the	
theory	 of	 behavior	 change	 [26].	 BCW	 shows	 9	 elements	 of	 intervention	 to	 promote	 behavior	
modification.	Focusing	on	 increasing	physical	 activities	 for	health	promotion,	nine	elements	are	
illustrated	along	with	examples	of	interventions	for	each	element.	

o Education:	Teaching	the	importance	of	health.		
o Persuasion:	Persuading	with	the	fun	of	exercise.	
o Incentivization:	Giving	reward	each	time,	you	reach	your	goal.	
o Coercion:	If	you	fail,	you	will	be	punished.	
o Training:	Teaching	people	who	do	not	usually	exercise	how	to	stretch	and	exercise.	
o Restriction:	Enforcing	exercise	by	coach.	
o Environmental	restructuring:	Creating	an	environment	where	you	can	exercise	
o Modeling:	Presenting	a	successful	example.	
o Enablement:	Using	supplements	or	support	devices	
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The	effectiveness	of	the	nine	interventions	may	vary	with	characteristics	of	the	target	persons.	For	
example,	 Intervention	 including	 an	 element	 of	 Education	 given	 to	 persons	 who	 have	 already	
known	 the	 importance	 of	 exercises	 would	 never	 produce	 any	 behavior	 modification	 towards	
health	improvement.	
	
Seasonal	Trend	Decomposition	
Since	the	busyness	varies	 from	day	to	day,	many	people	have	a	periodic	 increase	or	decrease	 in	
their	 physical	 activities.	We	 should	 avoid	 deciding	 interventions	 only	 from	 the	 change	 of	 daily	
physical	activities	of	a	specific	person.	Instead,	we	should	make	it	clear	what	kinds	of	periodicity	is	
contained	in	the	time	series	of	the	physical	activities.		
	
The	 seasonal	 trend	 decomposition	makes	 seasonal	 fluctuations	 apparent	 in	 the	 time-series.	For	
example,	the	time-series	of	the	crop	commodity	price	fluctuates	periodically	due	to	the	influence	
of	climate.	The	seasonal	trend	decomposition	is	useful	for	analysis	of	periodic	price	fluctuations	or	
fluctuations	that	cannot	be	explained	by	seasonal	aspects.	
	
The	 seasonal	 trend	 decomposition	 decomposes	 time	 series	D	 into	 three	 components:	 seasonal	
variation	component	S,	trend	component	T,	and	irregular	variation	component	I.	 

§	 = 	•	 + 	¶	 + 	ß									(1)	
	
The	 trend	 component	 is	 free	 from	 seasonal	 variation.	 Note	 that	 the	 last	 component	 brings	
fluctuation	unexplainable	with	the	two	former	components.	There	are	multiple	methods	to	realize	
the	 seasonal	 component	 decomposition,	 such	 as	 the	 moving	 averages	 and	 Seasonal	 and	 Trend	
decomposition	using	Loess	(STL)	founding	on	locally	weighted	smoothing	[27].	
	
Let	us	 consider	an	example	where	 the	 seasonal	 trend	decomposition	 is	 applied	 to	a	 time	series	
showing	 the	 decrease	 of	 the	 prices	 of	 a	 specific	 item.	 The	 seasonal	 component	 shows	 the	
periodicity	 of	 price	 declines	 due	 to	 year-end	 sales,	 while	 the	 trend	 component	 expresses	 low	
consumer	 demand	 because	 it	 excludes	 the	 seasonal	 component.	 The	 irregular	 variation	
component	 may	 correspond	 to	 a	 sudden	 recession.	 As	 the	 example	 shows,	 the	 seasonal	 trend	
decomposition	contributes	to	understanding	a	time	series	from	multiple	aspects	[28].	Rowlands	et	
al.	have	confirmed	that	the	number	of	daily	steps	of	any	person	has	periodicity	with	the	seasonal	
component	decomposition	[29].	
	
Target	Users	
Many	health	improvement	programs	focus	on	walking	because	of	its	simplicity.	Walking	does	not	
require	special	skills	or	equipment.	It	is	an	easy	physical	activity	to	sustain	in	daily	life	[30].	Even	
in	a	busy	 time,	 anyone	can	 increase	walking	 steps,	 just	being	 conscious	of	 taking	 short	walking	
during	working.	Another	advantage	of	walking	is	that	there	is	almost	no	financial	burden.		
	
Harries	 has	 suggested	 that	 feedback	 on	 the	 number	 of	 walking	 steps	 using	 smartphone	
applications	can	 increase	physical	activities	[31].	However,	 the	effect	of	 feedback	may	vary	with	
persons.	An	individualized	approach	is	important	to	increase	walking	volume.	
	
As	an	 individualized	approach,	we	should	have	a	clear	 target	because	there	are	various	kinds	of	
people.	 Positive	 and	 negative	 factors	 should	 be	 taken	 into	 account	 to	 classify	 people	 from	
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viewpoints	 of	 engagement	 in	 walking.	 The	 former	 is	 represented	 with	 the	 consciousness	 of	
exercises,	 while	 the	 latter	 includes	 constraints	 coming	 from	 time	 and	money.	 If	 you	 are	 highly	
conscious	of	exercise,	you	are	spontaneous	to	walk.	On	the	other	hand,	it	is	hard	for	you	to	walk	if	
you	 do	 not	 have	 enough	 time	 and	 money.	 Therefore,	 people	 are	 classified	 according	 to	 their	
consciousness	 of	 exercise,	 which	 is	 an	 internal	 factor,	 and	 their	 time	 and	 money,	 which	 are	
environmental	constraints.	

 
Figure	16	Classification	based	on	internal	and	environmental	constraints 

	
Figure	1	shows	the	labeling	of	the	four	classes	by	internal	factors	and	external	constraints.	People	
highly	conscious	of	exercise	with	enough	time	and	money	fare	have	already	started	engagement	in	
exercises.	 Those	who	 are	highly	 conscious	 of	 exercise	 but	 have	 limited	 time	 and	money	 cannot	
engage	even	though	they	want	to.	People	with	 low	conscious	of	exercise	do	not	exercise	even	 if	
they	have	time	and	money	to	spare.	Those	who	are	low	in	consciousness	with	constraints	are	far	
from	exercising.	This	study	targets	people	who	cannot	exercise	despite	their	desires.	It	examines	
whether	interventions	considering	environmental	constraints	can	induce	them	toward	walking.	
	

IMPROVEMENT	OF	WALKING	STEPS	BY	NUDGE	CONSIDERING	BUSYNESS	
Context	Component	And	Intrinsic	Component	
The	 proposed	 method	 encourages	 the	 target	 users	 to	 sustain	 improvement	 in	 walking	 steps,	
taking	individual	environmental	constraints	into	account.	It	makes	them	maintain	a	high	level	of	
consciousness	of	their	own	exercise.		
	
This	 method	 collects	 walking	 steps	 of	 a	 target	 user	 with	 a	 smartphone	 or	 a	 smartwatch.	 The	
walking	 steps	 are	 recorded	 as	 a	 time-series	with	 a	 daily	 timestamp.	 To	 consider	 an	 individual	
environment,	the	method	decomposes	the	time	series	into	seasonal	variation	com-	ponents	and	a	
trend	component	by	the	seasonal	component	decomposition.	The	method	associates	the	seasonal	
variation	components	and	the	trend	component	with	the	individual	environment	and	the	exercise	
consciousness	of	the	target	user,	respectively.		
	
Constraints	each	person	has	for	each	day	of	the	week	vary	with	the	personal	environment.	They	
depend	on	contexts	of	each	person.	This	study	assumes	the	effects	of	constraints	on	days	of	 the	
week	 appear	 as	 the	 seasonal	 variation	 components.	 In	 this	 study,	 the	 seasonal	 variation	
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components	are	referred	to	as	context	components.	On	the	other	hand,	the	walking	steps	that	are	
not	 intervened	 by	 environmental	 factors	 represent	 the	 original	walking	 potential	 of	 the	 target	
user.	 The	 study	 regards	 the	 consciousness	 of	 exercise	 of	 the	 target	 user	 appears	 as	 the	 trend	
component.	In	this	study,	the	trend	component	is	referred	to	as	the	intrinsic	component.	When	the	
health	consciousness	is	high	in	a	user,	the	intrinsic	component	is	also	high	inherently.	

	
Figure	17	Schematic	of	the	method	

	
The	 proposed	 method	 presents	 a	 message	 containing	 a	 nudge	 to	 the	 target	 user	 through	 a	
smartphone.	 The	message	 encourages	walking,	 based	 on	 the	BCW.	 It	 is	 chosen,	 considering	 the	
individual	 environment.	The	effect	of	 the	message	 is	measured	 from	 the	 change	of	 the	 intrinsic	
component	associated	with	the	consciousness	of	exercise.	The	method	repeats	messages	found	to	
be	more	effective.	Repetition	of	 the	 tasks	 in	Figure	2	 is	 expected	 to	 improve	 the	walking	of	 the	
target	user.	
	
Decomposition	Of	Walking	Steps	
Seasonal	trend	decomposition	extracts	patterns	of	periodic	data	from	a	time	series.	This	method	
assumes	the	walking	steps	 include	periodic	 fluctuations	corresponding	to	each	day	of	 the	week.	
For	 example,	 people	 would	 commute	 to	 work	 on	 weekdays,	 while	 go	 shopping	 on	 weekends.	
Walking	steps	required	for	commuting	and	shopping	would	be	constant	in	most	cases.	Apart	from	
it,	 regular	meetings	 are	 usually	 held	on	 certain	 days	 of	 the	week.	On	 such	 days,	 the	 amount	 of	
walking	is	inevitably	small.	In	this	study,	the	periodicity	of	the	seasonal	trend	decomposition	is	set	
to	7	days,	to	extract	such	periodic	components	corresponding	to	each	day	of	the	week.	
	
Seasonal	component	decomposition	using	simple	moving	averages	results	in	missing	data	at	both	
ends	of	a	time	series.	One	way	to	compensate	for	missing	data	estimates	them	from	ones	around	
the	ends.	However,	it	causes	a	bias.	To	solve	the	problem,	the	method	adopts	STL,	which	calculates	
seasonal	 and	 trend	components	using	 locally	weighted	 linear	 regression.	This	allows	the	STL	 to	
decompose	the	components	without	loss.	
	
Another	advantage	of	STL	is	its	ability	to	follow	for	seasonal	components	to	change	over	the	time.	
In	general,	it	is	considered	that	the	periodicity	in	the	walking	steps	changes	in	the	course	of	time.	
The	 SLT	 optimizes	 the	 decomposition	 gradually	 so	 as	 to	 accommodate	 any	 change	 that	 has	 a	
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significant	impact	on	periodicity.	For	example,	even	if	the	way	of	commuting	changes,	the	seasonal	
component	gets	to	show	the	right	periodicity	as	the	weeks	go	by.	
	
Walking	Steps	Coming	From	Days	Of	The	Week		
The	 context	 component	 in	 this	method	means	 the	 number	 of	 steps	 specific	 to	 each	 day	 of	 the	
week.	The	 context	 component	 is	 calculated	as	either	a	positive	or	a	negative	value.	The	 context	
components	of	a	user	are	shown	in	Figure	3	For	example,	a	user	obliged	to	working	at	home	every	
Tuesday,	Thursday,	and	Friday	has	negative	values	on	those	days.	It	attributes	to	the	working	at	
home.	Walking	steps	required	for	commuting	is	reduced	on	the	days.		

	

	
Figure	18	Example	of	context	component	

	
The	difference	in	walking	steps	that	occurs	periodically	inevitably	occurs	in	the	course	of	daily	life	
on	each	day	of	the	week	because	users	cannot	change	environmental	constraints	such	as	weekly	
meetings	and	designated	working	days	at	home.	It	comes	from	the	habits	of	target	users	regarding	
working	and	living.	Context	components	can	be	regarded	to	represent	the	target	user’s	busyness	
specific	to	days	of	the	week.	
	
This	method	uses	 the	 context	 component	 in	 two	ways.	First,	 it	 is	used	 to	 create	a	message	 that	
tells	the	day	of	the	week	short	in	walking.	In	the	other	way,	it	is	used	to	determine	when	to	send	a	
message	 to	 take	 the	 individual	 environment	 into	 account.	 We	 can	 assume	 2	 kinds	 of	 days	 for	
message-sending:	 ones	 with	 positive	 context	 components	 and	 ones	 with	 negative	 context	
components.	The	proposed	method	can	test	which	message-sending	is	more	effective	to	increase	
the	walking	steps.	
	
Estimation	Of	Consciousness	Of	Walking	
The	 intrinsic	component	 is	obtained	by	the	removal	of	 the	context	component	and	the	 irregular	
variation	 component	 from	 the	 walking	 steps	 data.	 Figure	 4	 shows	 an	 example	 of	 the	 original	
walking	steps	along	with	its	intrinsic	component.	The	figure	indicates	the	context	component	and	
the	 irregular	 variation	 component	 make	 short	 period	 waves	 and	 large	 peaks	 in	 the	 original	
walking	 steps.	 On	 the	 other	 hand,	 the	 intrinsic	 component	 has	 a	gentle	 and	 flat	waveform.	The	
Intrinsic	component,	which	is	free	from	the	context	component,	is	considered	to	be	walking	steps	
the	 target	 user	 himself	 unconsciously	 takes	 in	 a	 certain	 environment.	 The	 intrinsic	 component	
which	 is	 walking	 steps	 under	 un	 unconsciousness	 indicates	 how	 well	 the	 walking	 custom	 is	
established	in	the	target	user.		
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Figure	19	Graph	of	walking	steps	and	intrinsic	component	

	
It	is	significant	to	examine	the	increase	or	decrease	in	the	intrinsic	component,	not	in	the	original	
walking	 steps.	 Suppose	 that	 walking	 steps	 increase	 temporally	 due	 to	 the	 influence	 of	 an	
encouraging	 message.	 Since	 the	 effect	 of	 a	 message	 generally	 declines	 over	 time,	 subsequent	
messages	 are	 necessary	 for	 people	 to	 sustain	 the	 high	 level	 of	 walking	 steps.	 However,	 if	 the	
message	greatly	raises	 the	consciousness	of	people	toward	their	healthy	 life,	 they	will	engage	 in	
healthy	 behaviors	 spontaneously	 even	 without	 subsequent	 messages.	 If	 the	 consciousness	 is	
figured	out	from	the	original	walking	steps,	it	would	include	walking	steps	increased	by	contexts	
or	 events	 that	 require	walking	 by	 chance.	 It	would	make	 the	 relationship	 of	 the	 consciousness	
with	the	walking	steps	ambiguous.	The	proposed	method	expresses	pure	walking	steps	caused	by	
the	 consciousness	 toward	 a	 healthy	 life,	 through	 the	 examination	 of	 the	 intrinsic	 component	
obtained	through	the	decomposition	of	the	original	walking	steps.	

	

	
Figure	20	Intervention	effects	due	to	differences	in	mean	intrinsic	components	

	
The	long-term	observation	of	the	intrinsic	component	tells	us	the	changes	in	the	consciousness	of	
the	 target	users.	The	proposed	method	sends	messages	several	 times	 in	a	 fixed	period	to	 check	
how	much	the	average	value	of	the	intrinsic	component	has	changed.	Figure	3.4	shows	the	method	
used	 to	 check	 the	 change	 in	 consciousness	 of	 exercise	 due	 to	 the	 intrinsic	 component.	 The	
horizontal	 axis	 and	 the	 vertical	 axis	 represent	 the	 time	 and	 the	 walking	 steps	 of	 intrinsic	
component,	respectively.	Nothing	is	done	to	the	target	user	in	period	A,	while	messages	are	sent	to	
the	user	to	improve	the	walking	step	in	period	B.	The	difference	of	the	intrinsic	components	in	the	
two	periods	indicates	the	change	of	the	consciousness	due	to	the	messages.	
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Messages	Using	Nudges	To	Improve	Walking	Steps	
It	is	not	a	good	idea	to	assign	someone	to	monitor	whether	a	target	user	is	engaged	in	continuous	
exercises.	 It	would	 be	 a	mental	 burden	on	 the	 target	 user.	 It	would	 also	 need	many	persons	 to	
monitor	the	target	users.	It	is	infeasible	from	the	viewpoint	of	social	implementation.		
	
The	paper	proposes	an	avatar	that	sends	promotion	messages	toward	walking	to	the	target	user.	
The	 proposed	method	makes	 it	 important	 the	 target	 user	 agrees	with	 the	messages	 as	 a	 basic	
principle	 to	 change	 the	 consciousness	 of	 the	 target	 user.	 There	 are	many	 barriers	 to	 imposing	
healthful	behaviors	on	people.	It	is	useless	to	oblige	excessively	busy	persons	to	visit	a	sports	gym.	
To	 achieve	 for	 the	 target	 users	 to	 keep	 efforts	 for	 the	 improvement	 of	 their	 health,	 the	 study	
esteems	 concept	 ”nudges”	 in	 behavioral	 economics	 [7].	 Nudges	 lead	 them	 to	 take	 expected	
behavior,	 through	 suggesting	 options	 that	 sound	preferable	 to	 them.	 In	 this	method,	 the	 avatar	
presents	 a	message	 using	 nudges	 considering	 the	 situations	 of	 each	 target	 user.	 The	messages	
gradually	lead	the	consciousness	of	the	target	user	to	improve	the	health.	
	

BEHAVIOR	CHANGE	EXPERIMENT	WITH	MESSAGES	
Experimental	Environment	And	Purpose	
To	 verify	 the	 effectiveness	 of	 the	 proposed	method,	 an	 avatar	 is	 installed	 on	 the	 target	 user’s	
smartphone.	 The	 avatar	 presents	 messages	 which	 work	 as	 nudges	 to	 target	 users.	 The	 daily	
walking	 steps	 of	 the	 target	 user	 are	 counted	 using	 a	 smart	 phone.	 The	 experiment	 examines	
relationships	of	the	number	of	walking	steps	with	the	nudge	intervention.	Any	message	presents	
one	of	the	nudge	elements	of	the	BCW.	
	
The	 purpose	 of	 the	 experiment	 consists	 of	 the	 following	 3	 points.	 It	 tests	 the	 impact	 of	 the	
intervention	 by	 nudges.	 It	 further	 examines	 the	 impact	 of	 nudges	 in	 the	 two	 cases:	 under	 the	
negative	context	components	and	the	positive	ones.	It	examines	in	which	case	nudges	work	better.	
It	 figures	out	what	kind	of	nudges	works	well	for	a	specific	group	of	persons.	 It	 investigates	the	
magnitude	of	the	effect	of	nudges	on	variations	of	each	of	the	context	component	and	the	intrinsic	
component.	Figure	4.1	shows	the	duration	of	the	experiment.	

	

	
Figure	21	Range	of	data	in	this	experiment	
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Differences	Of	Walking	Steps	By	Intervention	
Purohit	et	al.	stated	that	timing	is	critical	to	the	success	of	Digital	Nudge	[32].	In	this	experiment,	
digital	nudges	intervene	to	enable	the	target	user	to	continuously	increase	the	walking	steps.	
	
The	assumption	of	the	study	is	that	the	walking	steps	increases	if	the	avatar	presents	nudges	using	
messages.	To	verify	it,	regardless	of	the	positive	or	negative	context	components,	a	statistical	test	
is	conducted	to	see	if	there	is	a	significant	difference	of	the	walking	steps	in	the	two	weeks	under	
the	experiment	from	those	in	the	two	weeks	prior	to	the	experiment.	If	there	is,	the	presentation	
of	 the	nudge	 is	 expected	 to	 increase	 the	walking	 steps.	For	each	of	 the	 cases	where	 the	 context	
component	is	either	negative	or	positive,	a	significant	difference	is	also	tested	before	and	after	the	
nudge	 intervention.	 The	 timing	 to	 send	 messages	 indicating	 nudges	 turns	 out	 if	 there	 is	 a	
significant	difference	in	one	of	the	cases.	
	
The	effect	of	nudges	is	then	tested	on	the	difference	of	the	intrinsic	component	with	nudge	from	
that	 without	 nudge.	 After	 the	 test	 neglecting	 the	 context	 component,	 the	 nudge	 effect	 is	 again	
tested	 under	 the	 distinction	 of	 the	 positive	 context	 component	 from	 the	 negative	 one.	 The	 test	
turns	 out	 how	 much	 nudges	 affect	 the	 intrinsic	 component,	 which	 is	 a	 manifestation	 of	 the	
consciousness	of	the	target	user	toward	the	health	improvement.	
	
Clustering	Target	User	
The	target	users	are	clustered	based	on	the	variation	of	the	walking	steps	under	the	difference	of	
the	 context	 components	 and	 the	 nudge	 intervention.	 Days	 of	 the	 week	 with	 negative	 context	
components	are	regarded	as	busy	days,	for	some	reasons	reduce	the	walking	steps	every	days	of	
the	week.	The	explanatory	variables	in	the	clustering	are	shown	in	Table	1	

	
Table	5	Explanatory	variables	and	means	

explanatory	variables	 means	
Mes-B	(Message	and	Busy)	 Average	walking	steps	when	messages	are	sent	on	a	busy	day	
Mes-Nb	(Message	and	Not	Busy)	 Average	walking	steps	when	messages	are	sent	on	a	less	busy	

day	
Nmes-B	(No	Message	and	Busy)	 Average	walking	steps	when	no	messages	were	sent	on	a	busy	

day	
Nmes-Nb	 (No	 Message	 and	 Not	
Busy)	

Average	walking	steps	when	no	messages	were	sent	on	a	non-
busy	day	

Mes-Nmes-B	 (Message	 -	 No	
Message	on	Busy)	

The	 difference	 of	 average	 walking	 steps	 between	 sending	 a	
message	on	a	busy	day	and	not	sending	a	message.	

Mes-Nmes-Nb	 (Message	 -	 No	
Message	on	Not	Busy)	

The	 difference	 of	 average	 walking	 steps	 between	 sending	 a	
message	on	a	non-busy	day	and	not	sending	a	message.	

	
Symbol	 B	 (Busy)	 in	 the	 explanatory	 variable	 name	 stands	 for	 days	 with	 a	 negative	 context	
component,	 while	 NB	 (Not	 Busy)	 represents	 days	 with	 a	 positive	 context	 component.	 Symbol	
Mes(Message)	 and	 Nmes(No	 Message)	 stands	 for	 days	 with	 messages	 and	 those	 without	
messages,	respectively.	The	clustering	lets	us	know	whether	users	in	each	cluster	increases	their	
walking	steps	on	busy	or	less	busy	days	depending	on	messages.	
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Creating	a	Message	
Table	2	 lists	nudges	presented	 in	messages	to	increase	the	walking	steps	along	with	the	type	of	
BCW	 corresponding	 to	 each	 of	 them.	 Any	 nudge	 should	 never	 enforce	 any	 particular	 behavior.	
They	only	 convey	useful	 information	 to	 the	 target	user.	Target	users	 can	decide	whether	or	not	
they	increase	the	walking	steps.	
	
Informing	 users	 of	 the	 days	 of	 the	 week	 when	 they	 walk	 less,	 the	 persuasion	 nudge	 in	 Table.	
encourages	them	to	increase	their	walking	steps.	The	nudge	makes	the	users	aware	of	the	context	
component	to	see	what	changes	occur	in	the	walking	steps.	
	
Seasonal	factors	have	been	introducing	into	the	nudge	of	autumn	leaves	and	the	nudge	of	calorie	
consumption.	The	nudge	of	autumn	leaves	tells	it	is	a	time	where	the	autumn	leaves	are	beautiful,	
expecting	the	walking	steps	will	increase	due	to	visiting	any	spots	of	the	autumn-leaf	viewing.	In	
the	nudge	of	 calorie	 consumption,	 after	 the	 calorie	 content	of	 chestnuts	 is	 explained,	 it	 tells	 the	
number	of	walking	steps	required	to	consume	the	calories.	Seasonal	elements	are	 introduced	to	
make	 the	 content	 of	 the	message	more	 related	 to	 the	 target	 user’s	 own	 life,	 which	 gives	 users	
intimacy	to	the	message.	
	
Modeling,	one	of	the	BCW	elements,	is	used	for	the	three	nudges:	baker’s	serendipity,	tips	on	how	
to	 keep	 exercising,	 and	 promotion	 of	 simple	 exercise.	Modeling	 is	 a	method	 of	 communicating	
ideal	behaviors	and	successful	experiences	 in	 the	 form	of	stories	 to	encourage	similar	behaviors	
and	experiences.	
	
The	proposed	method	adopts	an	 implementation	where	an	avatar	sends	a	message.	Avatars	are	
expressed	 using	 emoticons.	 It	 is	 essential	 to	 create	 nudges	 carefully,	 keeping	 in	 mind	 the	
recipients	of	the	message	never	feel	forced	towards	specific	behavior.	Any	avatar	is	set	as	a	health-
conscious	person.	It	is	also	set	as	an	imperfect	personality	trying	to	act	ideally	but	often	failing	to.	
In	the	nudges	to	promote	simple	exercises,	avatars	present	their	own	exercise	trials	which	result	
in	 failures.	 The	 setting	human-like	 characteristics	 for	 avatars	makes	messages	more	 friendly	 to	
target	users.	

	
Table	6	Experimental	Message	

BCW	 Message	title	 Contents	of	message	
Persuasion	 Informing	them	of	

the	 days	 of	 the	
week	 when	 they	
were	walking	less	

There	 tends	 to	 be	 less	 walking	 on	
Saturdays.	

Persuasion�Environmental	
restructuring�Incentivisation	

The	 nudge	 of	
autumn	leaves	

The	 mountains	 are	 changing	 color	 and	
the	 autumn	 leaves	 are	 in	 full	 bloom.	
Why	don't	 you	 take	 a	 break	 from	your	
busy	 schedule	 and	 enjoy	 the	 autumn	
colors?	
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Modeling�Persuasion	 Baker's	
Serendipity	

The	 other	 day,	 I	 dared	 to	 walk	 home	
from	 an	 unknown	 street,	 and	 I	
happened	 to	 find	 a	 delicious	 bakery!	
Sometimes,	taking	a	different	road	may	
lead	to	a	wonderful	encounter.	

Education	 The	 nudge	 of	
calorie	
consumption	 by	
walking	step.	

The	autumn	of	appetite	and	sports	is	
almost	over,	but	did	you	know	that	
chestnuts,	which	are	in	season	in	

autumn,	have	160	kcal	per	100	grams?	
By	the	way,	it	is	said	that	it	takes	5,000	
steps	to	consume	160	kcal	by	walking	
slowly	on	a	flat	road.	Why	don't	you	
walk	a	lot	and	enjoy	the	taste	of	

autumn?	
Education�persuasion	 Risk	 of	 lifestyle-

related	 diseases	
and	 benefits	 of	
exercise	

Let	 me	 tell	 you	 about	 the	 risks	 of	
inactivity	 today!	 In	 fact,	 50,000	 people	
in	 Japan	 die	 every	 year	 from	 diseases	
caused	 by	 lack	 of	 exercise.	 In	 fact,	
50,000	 people	 in	 Japan	 die	 every	 year	
from	 diseases	 caused	 by	 lack	 of	
exercise.	 According	 to	 one	 study,	
habitual	 and	 rigorous	 exercise	 can	
reduce	 the	 risk	of	death	by	as	much	as	
30%.	To	live	a	long	and	healthy	life,	we	
need	to	start	exercising	now....	

Training�Education�modeling	 Tips	 on	 how	 to	
keep	exercising	

Of	course,	it	is	important	to	set	a	goal	
and	make	a	plan	in	order	to	continue	
exercising,	but	it	is	also	important	to	
check	your	daily	results	in	order	to	
increase	your	motivation.	Check	your	
pedometer	every	day.	Get	on	the	scale.	
Take	a	good	look	at	your	body	in	the	

mirror.	These	are	just	some	of	the	ways	
you	can	check	and	praise	yourself	for	

your	efforts!	
Training�Education�modeling	 Promotion	 of	

simple	exercise	
	
	
	

Do	you	usually	exercise?	I	tend	to	slack	
off,	 so	 instead	 of	 doing	 strenuous	
exercise,	 I	 have	 been	 trying	 to	 do	 light	
exercise	 such	 as	 stretching	 little	 by	
little.	 Why	 don't	 you	 start	 doing	 light	
exercise	 when	 you	 suddenly	 notice	 it,	
such	 as	 standing	 on	 your	 toes	 while	
standing	on	the	train,	or	walking	with	a	
wider	stride	than	usual?	
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Experiment	On	Students	
An	experiment	was	conducted	on	13	male	college	students.	Their	ages	ranged	from	20-24	years	
old.	All	of	 them	are	users	of	 the	health	 care	 feature	of	 the	 iPhone.	They	provided	 their	walking	
steps	recorded	in	2	weeks	just	before	the	experiment.	In	advance,	it	was	confirmed	they	have	no	
plan	that	would	significantly	affect	the	walking	steps.	The	proposed	method	extracts	the	context	
component	and	 the	 intrinsic	 component	 from	each	 time	series	of	 their	walking	steps.	 It	 created	
two	cases:	one	in	which	messages	were	sent	only	on	days	with	negative	context	components,	and	
the	other	in	which	messages	were	sent	only	on	days	with	positive	context	components.	
	
In	 this	 experiment,	 messages	 were	 sent	 according	 to	 the	 Wizard	 of	 Oz	 method,	 where	 an	
experimenter	operates	a	 computer	behind	 the	user	as	 if	 avatars	have	dialogues	with	users	 in	a	
responsive	manner.	The	experimenter	transmitted	the	nudge	messages	to	make	the	target	users	
believe	the	avatars	responded	to	them.	
	
The	message	was	 sent	 around	 9:00	 a.m.	 so	 that	 the	 target	 users	may	 behave	 according	 to	 the	
messages	on	the	day.	Target	users	were	asked	to	be	sure	to	check	the	messages	sent	by	avatars	at	
that	time.	After	the	experiment,	the	target	users	provided	the	walking	data	again	as	well	as	took	
questionnaires	and	interviews	on	the	messages.	
	

RESULT	
	Statistical	Tests	Of	Walking	Steps	
The	normality	of	the	data	should	be	checked	first.	For	each	target	user,	let	one	clump	be	the	daily	
walking	steps.	Figure	7	depicts	a	stacked	bar	graph	showing	the	frequency	of	the	occurrences	of	
clumps	colored	with	 individual	users.	The	 figure	 shows	not	only	 the	distribution	of	 the	walking	
steps	is	skewed	to	the	left,	but	also	the	range	of	the	distribution	varies	with	the	users.	

	
	

Figure	22	The	daily	walking	volume	of	each	target	user	is	considered	as	a	lump	
	

A	 q-q	 plot	 for	 the	walking	 steps	 for	 all	users	 is	 shown	 in	 Figure	 8.	 The	 red	 line	 represents	 the	
waveform	of	the	walking	steps	following	a	normal	distribution,	while	the	blue	points	represent	the	
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walking	steps	collected	in	the	experiment.	As	the	figure	shows,	the	blue	point	is	far	from	the	red	
line	in	both	edges.	The	Shapiro-Wilk	test	turns	out	the	test	statistic	is	7.9	 ×	10,*ù.		The	Shapiro-
Wilk	 test	 lets	 the	 null	 hypothesis	 be	 that	 the	 population	 of	 sampled	 data	 follows	 a	 normal	
distribution.	The	 test	 result	 rejects	 the	null	hypothesis,	which	 indicates	 the	 sampled	data	 is	not	
considered	to	follow	a	normal	distribution.	
	

	
Figure	23	Q-Q	plot	

	
Since	the	population	does	not	follow	a	normal	distribution,	a	nonparametric	test	is	necessary.	In	
this	test,	Wilcoxon’s	signed	rank	sum	test	is	used	for	the	corresponding	data,	while	unpaired	data	
are	tested	using	the	Mann-Whitney	U	test.	The	significance	level	is	set	to	10%	in	both	tests.	

	
	

	
Figure	24	Period	of	time	with	or	without	intervention	

	

	
Figure	25	Target	period	when	context	component	is	taken	into	account	
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Let	us	confirm	how	much	the	presence	or	absence	of	the	message	affects	the	walking	steps.	The	
time	period	of	the	data	covered	in	this	analysis	is	depicted	in	Figure	9.	The	null	hypothesis	is	that	
there	 is	 no	 significant	 difference	 of	 the	 walking	 steps	 in	 the	 two	 weeks	 with	 the	 message	
intervention	 from	 those	 in	 the	 two	weeks	without	 the	message	 intervention.	 The	 test	 result	 is	
0.127	for	all	target	users.	No	significant	difference	is	found	for	all	users.	

	
Next,	let	us	test	whether	there	is	a	significant	difference	when	messages	are	sent	on	either	of	days	
with	 the	 positive	 context	 components	 or	 days	 with	 the	 negative	 ones.	 Figure	 5.4	 shows	 the	
combination	 of	 data	 handled	 in	 the	 test.	 Since	 there	 is	 no	 correspondence	 in	 the	 data	 for	 the	
periods	 considering	 the	 context	 component,	 the	U	 test	was	 adopted	 as	 the	 testing	method.	The	
first	null	hypothesis	is	that	there	would	be	no	significant	difference	of	the	two	weeks	prior	to	the	
experiment	 from	 the	 week	 where	 messages	 were	 sent	 only	 on	 days	 with	 negative	 context	
components.	The	second	null	hypothesis	is	that	there	would	be	no	significant	difference	of	the	two	
weeks	 prior	 to	 the	 experiment	 from	 the	 week	 where	 messages	 were	 sent	 only	 on	 days	 with	
positive	 context	 components.	 The	 test	 result	 for	 all	 users	 is	 0.089	 and	 0.636	 for	 days	 with	 a	
negative	 context	 component	 and	 for	 days	with	 a	 positive	 context	 component,	 respectively.	 The	
message	 is	sent	on	a	day	with	a	negative	context	component	may	cause	a	significant	difference.	
When	the	significance	 level	 is	set	at	10%,	the	 first	null	hypothesis	 is	rejected.	Therefore,	we	can	
regard	 there	 is	 a	 significant	difference	when	 the	message	 is	 sent	on	days	with	negative	 context	
components.	
	
Effect	Of	Nudges	On	Intrinsic	Components	
The	intrinsic	component,	which	does	not	include	the	context	component,	indicates	how	much	the	
target	user	would	walk	without	influence	from	the	environment.	It	is	worthwhile	to	find	out	how	
much	 the	 target	 user’s	 walking	 increased	 before	 and	 after	 receiving	 the	 nudge.	 Nudges	 using	
messages	 sent	 from	 avatars	 can	 influence	 the	 target	 user’s	 consciousness	 toward	 health.	 The	
difference	 in	 the	 average	 of	 intrinsic	 components	 for	 all	 users	 indicates	 the	 change	 of	 the	
consciousness	before	and	after	receiving	the	nudge.	The	table	3,	4,	and	5	shows	the	difference	in	
the	intrinsic	components	during	each	period.	

	
Table	7	Difference	in	average	intrinsic	components	with	and	without	intervention	

Basic	
Statics	

Difference	 in	 intrinsic	
components	

Mean	 1423.03	

Dispersion	 5739828.69	

MIN	 -1396.96	

MAX	 5085.93	
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Table	8	Average	intrinsic	component	difference	when	the	context	component	is	negative	
Basic	
Statics	

Difference	in	intrinsic	
components	

Mean	 1517.40	

Dispersion	 6524445.42	

MIN	 -2432.64	

MAX	 6074.71	
	

Table	9	Average	intrinsic	component	difference	when	the	context	component	is	positive	
Basic	
Statics	

Difference	in	intrinsic	
components	

Mean	 1328.66	
Dispersion	 5888875.64	
MIN	 -1417.12	
MAX	 5775.41	

	
The	largest	difference	in	the	intrinsic	component	is	found	when	the	users	were	intervened	when	
the	context	component	was	negative.	In	terms	of	both	results	of	the	test	and	the	difference	in	the	
intrinsic	component,	we	can	expect	that	intervention	when	the	target	users	are	busy	will	bring	an	
increase	in	the	walking	steps.	
	
Clustering	Results	
The	target	users	were	clustered	using	the	explanatory	variables	 listed	 in	Table	1.	The	results	of	
using	the	elbow	method	to	determine	the	number	of	clusters	are	shown	in	Figure	11.	If	the	sum	of	
squares	of	errors	(SSE)	within	a	cluster	bends	like	an	elbow	in	the	graph,	we	know	that	the	degree	
of	error	reduction	has	become	smaller	 for	 that	number	of	clusters.	As	the	degree	of	decrease	 in	
SSE	 becomes	 smaller,	 it	 turns	 out	 that	 further	 decomposition	 will	 not	 result	 in	 meaningful	
clusters.	Figure	11	 suggests	 that	3	or	4	would	be	 appropriate.	The	 results	of	 clustering	with	K-
means++	method	for	the	case	where	the	number	of	clusters	is	4	are	shown	in	Figure	12.	

	

	
Figure	26	The	results	of	using	the	elbow	method	
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Figure	27	Average	of	the	components	of	each	cluster	

	
Table	10	Number	of	people	assigned	to	the	cluster	

Identified	Cluster		 0	 1	 2	 3	
number	of	target	users	 5	 5	 �	 �	

	
The	 number	 of	 people	 assigned	 to	 each	 cluster	 is	 shown	 in	 Table	 6.	 There	 are	 many	 users	 in	
clusters	0	and	1,	while	only	1	and	2	people	are	assigned	to	clusters	2	and	3.	For	the	explanatory	
variables	specified	this	time,	it	is	likely	that	the	majority	of	target	users	are	classified	into	clusters	
0	and	1.	Target	users	whose	explanatory	variables	have	outliers	compared	to	those	of	 the	other	
target	users	seems	to	be	assigned	to	clusters	2	and	3.	
	

DISCUSSION	
Clustering	Based	On	Response	To	Messages	
Target	users	do	not	always	behave	 in	 the	 same	way	when	 they	 receive	 a	 specific	message.	 The	
clustering	results	of	the	target	users	in	section	5.3	classifies	the	target	users	by	their	responses	to	
the	messages.	Let	us	compare	clusters	0	and	1,	which	have	many	members.	
	
Among	 the	explanatory	variables	 that	make	up	 the	 cluster,	 the	blue	Mes-B	and	 the	purple	Mes-
Nmes-B	in	cluster	0	have	larger	values	than	those	in	cluster	2.	Mes-B	represents	the	walking	steps	
in	 the	case	where	a	message	was	sent	on	days	of	 the	negative	context	component,	which	means	
the	walking	steps	would	be	fewer	on	those	days	of	the	week.	This	paper	regards	the	days	where	
the	walking	steps	is	reduced	as	busy	days.	Mes-Nmes-B	represents	the	difference	of	the	walking	
steps	with	messages	 on	 busy	 days	 from	 those	without	message	 on	 busy	 days.	 From	 the	major	
components	of	the	explanatory	variables	in	cluster	0,	we	can	see	that	messages	on	busy	days	are	
more	effective	to	increase	walking	steps	than	no	message	on	those	days.	Cluster	0	can	be	regarded	
as	a	group	of	people	whose	walking	steps	increase	by	messages	on	busy	days.	
	
Since	the	number	of	people	belonging	to	clusters	2	and	3	is	small,	only	the	characteristics	of	their	
members	are	discussed	without	the	comparison	of	them	with	other	clusters.	Many	walking	steps	
of	the	person	in	Cluster	2	implies	his	high	health	consciousness.	Since	Mes-	Nb	is	more	than	Nmes-



	

	 	

Mori, T., Harada, F., & Shimakawa, H. (2021). Effects of Nudge Reflecting Day-of-Week Pattern against Induction to Walk. Advances in Social Sciences 
Research Journal, 8 (1) 610-630. 

627	URL:	http://dx.doi.org/10.14738/assrj.81.9686.	

Nb	 in	Cluster	2,	we	can	 expect	 to	 increase	 the	walking	 steps	by	 sending	messages	on	 less	busy	
days.	Cluster	3	has	more	walking	steps	on	less	busy	days.	In	cluster	3,	Nmes-Nb	is	more	than	Mes-
Nb,	which	suggests	that	they	reduced	walking	steps	on	busy	days	due	to	messages.	They	might	be	
inherently	 health	 conscious.	 Though	 they	 had	 spontaneously	 walked	 a	 lot,	 they	 might	 have	
degraded	their	motivation	with	the	messages	enforcing	further	increment	of	their	walking	steps.	
	
Effective	Messages	As	Nudges	
This	section	discusses	the	results	of	the	interviews	for	each	nudge.	See	Table	2	for	the	nudge	items	
in	this	experiment.	
	
There	was	a	negative	opinion	on	the	nudge,	which	periodically	notified	the	target	user	of	the	days	
of	the	week	when	he	walks	less.	The	target	user	was	aware	of	few	walking	steps	on	the	days.	The	
notification	made	him	sick	of	walking.	To	avoid	 creating	meddlesome	nudges,	 it	 is	necessary	 to	
intervene	reflecting	the	target	user’s	awareness	of	walking	steps.	Nudges	must	not	force	behavior	
on	 the	 target	 users.	 Nudges	 that	 may	 seem	 to	 criticize	 the	 target	 users	 would	 not	 only	 fail	 to	
suggest	expected	behavior	but	also	bring	worse	effects.	
	
On	the	other	hand,	 in	 the	nudge	of	autumn	leaves,	 there	were	several	 target	users	who	actually	
went	 to	 see	 the	autumn	 leaves,	which	 increased	 their	walking	 steps.	 Some	commented	 that	 the	
seasonal	messages	were	easy	to	imagine	and	increased	their	desire	to	go.	Further-	more,	in	terms	
of	calorie	consumption	by	the	walking	steps,	several	target	users	began	to	pay	more	attention	to	
calories	when	eating.	They	tried	to	walk	more	consciously	in	order	to	consume	the	calories	they	
had	taken	in.	As	these	two	examples	imply,	it	is	important	to	create	nudge	messages	that	make	it	
easy	for	receivers	to	imagine	the	action	to	be	taken.	They	usually	empathize	with	such	messages.	
	
In	the	nudges	about	the	risk	of	lifestyle-related	diseases	and	the	benefits	of	exercise,	some	target	
users	felt	that	the	messages	were	someone	else’s	problem.	To	increase	the	efficacy	of	the	message,	
it	is	necessary	to	specify	the	risk	of	disease	caused	by	lack	of	exercise	is	really	related	to	the	target	
user	themselves.	

CONCLUSION	
In	 this	 paper,	 a	method	 is	 proposed	 to	 improve	 the	walking	 steps	 using	 a	 smart	 phone	 for	 the	
improvement	of	the	inactivity.	The	proposed	method	creates	messages	based	on	nudges	in	order	
to	motivate	target	users	to	exercise	without	difficulty.		
 
The	proposed	method	applies	the	seasonal	trend	decomposition	to	the	walking	steps	in	order	to	
consider	 the	 environment	 of	 target	 users.	 It	 decomposes	 the	 walking	 steps	 into	 context	
components	 and	 the	 intrinsic	 component.	 The	 context	 components	 are	 the	 difference	 in	 the	
walking	steps	for	each	day	of	the	week.	Constraints	coming	from	workstyle	or	lifestyle	bring	the	
difference.	Therefore,	the	context	component	can	be	regarded	as	a	component	that	represents	the	
busyness	 caused	 by	 the	 environment	 specific	 to	 each	 target	 user.	 The	 intrinsic	 component	
represents	 the	 walking	 steps	 per	 week	 free	 from	 the	 context	 components.	 The	 intrinsic	
component	is	the	walking	steps	due	to	the	target	user	consciousness	toward	the	exercise.		
	
An	 experiment	 was	 conducted	 to	 send	 messages	 indicating	 nudges	 using	 smart	 phones.	 A	
significant	difference	is	observed	in	the	walking	steps	during	the	week	with	messages	sent	only	on	
days	 of	 the	 negative	 context	 component.	 It	 implies	 messages	 on	 days	 of	 the	 week	 when	 the	
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walking	steps	is	periodically	low	are	effective	to	improve	the	walking	steps.	The	target	users	are	
classified	into	2	major	clusters	based	on	the	characteristics	of	the	walking	steps.	It	turns	out	the	
walking	steps	of	one	cluster	increase	with	messages	on	busy	days	while	those	of	the	other	do	not	
change	with	 the	message.	The	 result	shows	 that	messages	on	busy	days	generally	do	not	 fail	 to	
improve	 the	walking	 steps.	Examination	of	 the	 target	users’	opinions	over	 the	messages	 figures	
out	effective	messages	to	make	the	target	users	conscious	of	exercise.	
	
The	proposed	method,	which	takes	the	target	user	environment	 into	account,	make	target	users	
conscious	of	 the	need	for	exercise.	 In	 the	 future,	we	will	apply	the	proposed	method	not	only	to	
walking	steps	but	also	to	data	of	various	physical	activities.	In	order	to	increase	the	reliability,	we	
plan	to	conduct	experiments	with	a	large	number	of	target	users.	Long	term	experiments	are	also	
needed	to	see	how	long	the	effects	of	the	messages	last.	
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