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Abstract	
Fueled	by	the	“post-pandemic”	zeitgeist,	health	is	an	ongoing	trend	affecting	developments	in	industry	
and	 academia.	 Under	 the	 heading	 of	 “Automotive	Health”,	 health	 is	 viewed	 through	 the	 lens	 of	 the	
automobile.	 Automotive	 Health	 deals	 with	 the	 questions	 of	 how	 health	 data	 can	 be	 sensed	 and	
interpreted	 in	 the	car,	and	how	this	 information	can	be	used	 to	enable	measures	 taken	 to	maintain,	
restore,	or	strengthen	occupants’	wellbeing,	(medical)	health,	and	safety.	With	a	special	focus	on	mental	
health,	we	conducted	a	field	operational	test	(N	=	41)	aimed	at	investigating	the	usage,	effectiveness,	
and	user	experience	of	mindfulness	exercises	while	driving.	For	this,	participants	drove	in	their	private	
car	 for	 three	consecutive	weeks,	equipped	with	a	smartphone	application	that	allowed	them	to	play	
different	audio-guided	mindfulness	exercises,	record	physiological	data,	and	answer	questions	on	their	
wellbeing	and	the	exercise.	The	paper	summarizes	the	most	significant	results,	and	gives	an	outlook	on	
a	guideline	for	designing	in-car	mindfulness	exercises.	
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1. Introduction	
Nowadays,	 the	car	 is	mainly	a	means	of	transportation.	Even	if	 there	are	technology	solutions	
attempting	to	make	that	journey	as	pleasant	as	possible	for	drivers	and	passengers,	such	as	on-
board	entertainment,	massage	seats,	or	ambient	light,	driving	is	a	waste	of	time	for	many	people.	
Therefore,	 car	manufacturers	are	 looking	 for	 innovations	 that	help	people	make	better	use	of	
their	time	in	the	car,	and	satisfy	needs	that	go	beyond	coming	from	a	to	b.	
One	of	the	most	basic	human	needs	is	to	be	physically,	mentally,	and	socially	healthy	[1].	That	
need	is	fueled	by	the	“post-pandemic”	zeitgeist,	making	health	an	ongoing	trend	that	affects	our	
everyday	 life,	 as	 well	 as	 developments	 in	 industry	 and	 academia.	 Under	 the	 heading	 of	
“Automotive	Health”,	health	 is	viewed	 through	 the	 lens	of	 the	automobile.	Automotive	Health	
deals	with	the	questions	of	how	health	data,	referring	to	any	data	related	to	health	conditions,	
diseases,	death	and	reproduction,	or	quality	of	life,	can	be	sensed	and	interpreted	in	the	car,	and	
how	 this	 information	 can	 be	 used	 to	 enable	 measures	 to	 maintain,	 restore,	 or	 strengthen	
occupants’	wellbeing,	(medical)	health,	and	safety	[2,	3,	4].	Applications	in	this	field	move	in	a	
continuum	 between	 protection	 of	 human	 life,	 diagnostics,	 health	monitoring,	 promotion	 and	
prevention,	 up	 to	 mental	 health,	 having	 an	 impact	 on	 different	 health	 issues	 linked	 to	
transportation,	 such	 as	 traffic	 safety,	 air	 pollution,	 physical	 activity,	 noise,	 comfort,	 or	 travel	
satisfaction	[2,	5].	
With	a	special	focus	on	mental	health,	this	paper	presents	the	results	of	a	field	operational	test,	
aimed	at	investigating	the	usage,	effectiveness,	and	user	experience	of	mindfulness	exercises	that	
were	designed	to	be	practiced	while	driving	a	car.	Mindfulness	can	be	described	as	a	process	of	
bringing	greater	 attention	 to	 and	 fostering	 the	awareness	of	 the	present	moment	 experience.	
Most	practices	to	achieve	a	mental	state	of	mindfulness	are	similar	in	their	basic	procedures	and	
goals,	for	example,	involving	deep	breathing,	awareness	of	body	sensations	and	emotions,	mental	
images	and	thoughts,	or	sensory	perceptions	[6,	7].	With	this	in	mind,	it	might	be	assumed	that	

	
Persuasive	2023,	Adjunct	Proceedings	of	the	18th	International	Conference	on	Persuasive	Technology,	April	19–21,	
2023,	Eindhoven,	The	Netherlands	
*Corresponding	author.	
	monique.dittrich@cariad.technology	(M.	Dittrich)	

	
©	2023	Copyright	for	this	paper	by	its	authors.	
Use	permitted	under	Creative	Commons	License	Attribution	4.0	International	(CC	BY	4.0).	 
	 CEUR	Workshop	Proceedings	(CEUR-WS.org)		

	
CEUR
Workshop
Proceedings

http://ceur-ws.org
ISSN 1613-0073



mindfulness	practices	can	also	be	used	to	increase	drivers’	attention	and	awareness	in	a	given	
traffic	situation,	and	thus	promote	driving	safety.	

2. Related	Work	
Even	if	empirical	studies	have	examined	the	construct	of	mindfulness	for	almost	40	years,	it	is	

rarely	examined	in	the	automotive	context	[6].	If	so,	most	works	deal	with	mindfulness	programs	
that	 are	 done	 outside	 the	 car	 [8].	 There	 are	 hardly	 any	 studies	 investigating	 the	 practice	 of	
mindfulness	while	driving,	which	is	explained	by	the	fact	that	the	driver—as	long	as	she	drives	
manually—should	be	fully	focused	on	the	driving	task.	However,	studies	addressing	this	question	
show	that	mindfulness	exercises	can	help	drivers	to	reduce	stress	and	being	more	alert,	without	
causing	 driver	 distraction.	 Especially	 breathing	 exercises	 [9],	 or	 simple	movements	 [10],	 are	
practical	interventions	that	can	be	done	while	controlling	a	car.		
Noteworthy,	Koch	et	al.	[11]	addressed	the	question	of	when	drivers	interact	with	in-vehicle	

well-being	interventions	in	a	two-month	longitudinal	study	on	public	road.	They	provided	ten	
participants	with	a	study	car	for	their	daily	driving	needs	that	was	equipped	with	a	smartphone	
application	delivering	 two	 types	of	 intervention:	a	mindfulness	and	a	music	 intervention.	The	
mindfulness	intervention	was	based	on	the	concept	of	passive	mindfulness,	in	which	the	listeners	
are	guided	to	perform	activities	more	consciously	and	to	increase	their	awareness	of	the	present.	
The	exercise	 contained	environment-centric	 elements	 that	 aid	drivers	 to	 focus	on	 the	driving	
task,	the	car,	and	the	surrounding	traffic,	and	self-centric	elements	that	support	drivers	to	reflect	
on	their	emotions.	Data	collection	included	participants’	driving	behavior	that	was	recorded	via	
the	cars’	internal	bus	communication,	self-reports	of	their	affective	state	as	a	proxy	of	well-being	
(before	and	after	the	drive),	and	feedback	on	the	interventions	(directly	after	the	intervention),	
both	 collected	 via	 the	 app.	 At	 each	 trip,	 participants	 were	 randomly	 assigned	 to	 receive	 the	
mindfulness	 intervention,	 the	music	 intervention,	 or	 no	 intervention.	 The	 authors	 found	 that	
several	 pre-trip	 characteristics	 (e.g.,	 trip	 length,	 traffic	 flow,	 and	 vehicle	 occupancy),	 the	
participants’	 pre-trip	 affective	 state,	 and	 situational	 driving	 characteristics	 (e.g.,	 road	 type,	
average	speed,	and	brake	behavior)	have	significant	 impact	on	drivers’	 responsiveness	 to	 the	
interventions.	Comparing	trips	with	and	without	intervention,	it	is	shown	that	both	interventions	
have	no	negative	effect	on	driving	behavior	(e.g.,	lane	deviations,	speeding,	or	sudden	braking).	
However,	 there	 is	 also	 no	 improvement	 of	 the	 participants	 affective	 state	 caused	 by	 the	
interventions,	comparing	the	pre-	and	post-trip	self-reports.	
The	work	of	Koch	et	al.	[11]	focusses	on	factors	occurring	before	the	trip	that	determine	the	

use	of	the	mindfulness	intervention,	as	well	as	its	impact	on	driving	behavior	and	affective	well-
being.	Building	on	these	findings,	the	following	research	questions	were	formulated:			
	
RQ1:	Do	mindfulness	exercises	that	can	be	done	while	driving	a	car	affect	drivers’	subjective	and	
objective	well-being?				
		
RQ2:	What	are	factors	under	which	drivers	start	a	mindfulness	exercises,	referring	to	their	well-
being	and	the	current	driving	situation?		
		
RQ3:	How	should	mindfulness	exercises	that	can	be	done	while	driving	be	designed	to	reach	user	
acceptance	and	avoid	driver	distraction?	

3. Study	
The	 present	 study	 was	 designed	 as	 a	 three-week	 study	 on	 public	 road.	 In	 total,	 41	

participants	took	part	in	the	study	(19	female;	age:	M	=	39.63,	SD	=	9.00;	hours	of	driving	per	
week:	M	=	10.13,	SD	=	3.40).	To	create	the	most	naturalistic	context	of	use,	they	drove	in	their	
private	car	as	their	everyday	life	required.	They	were	provided	with	an	app	developed	for	the	
purpose	of	the	study,	and	a	mobile	phone	holder	that	was	fixed	in	the	center	console.	With	the	



app,	participants	could	(i)	freely	select,	start,	and	stop	different	mindfulness	exercises	(within-
subjects	 design),	 (ii)	 provide	 self-reports	 about	 their	 subjective	 well-being,	 operationalized	
through	 the	 dimensions	 affective	 valence	 (positive-negative),	 affective	 arousal	 (calm-exited)),	
and	focus	(attentive-distracted)	in	the	morning	and	in	the	evening,	as	well	as	directly	before	and	
after	the	drive,	(iii)	give	feedback	on	the	exercise	and	the	given	driving	situation,	and	(iv)	record	
their	health	data	as	an	indicator	of	their	objective	well-being,	for	which	the	app	was	connected	to	
the	participants	private	wearable	(i.e.,	a	smartwatch	or	a	smart	wristband).	In	the	background,	
the	app	tagged	when	both	the	trip	and	the	exercise	was	started	and	ended.	After	the	field	phase,	
ten	selected	participants	took	part	in	a	post-interview,	discussing	the	design	of	the	exercises	in	
more	detail.	

Before	the	study,	participants	provided	their	consent	to	take	part	 in	the	study	and	to	use	
their	data	for	this	purpose.	During	the	study,	they	were	repeatedly	reminded	that	traffic	safety	
has	 the	highest	priority,	and	 that	 they	should	only	use	 the	app	and	 the	exercises	 if	 the	 traffic	
situation	as	well	as	their	mental	state	allow	it.	

3.1. Mindfulness	Exercises	and	Smartphone	Application	

In	total,	six	different	types	of	audio-guided	mindfulness	exercises	were	designed	by	experts	
from	 the	 field:	 energy,	 relaxation,	 concentration,	 fantasy,	 morning,	 and	 evening.	 For	 energy,	
relaxation,	morning,	and	evening,	a	short	and	a	long	version	was	produced.	Overall,	the	session	
lasted	between	2	and	11	minutes.	The	exercises	were	available	via	the	smartphone	application.	

In	order	to	ensure	safety	at	all	time,	several	design	principles	were	applied	when	designing	
the	exercises	and	the	app.	First,	the	app	design	follows	common	driver	distractions	guidelines	
(Campbell	et	al.,	2016).	For	example,	the	word	count	as	well	as	the	number	of	distinct	information	
presented	 was	 limited,	 interaction	 elements	 were	 large	 enough	 to	 easily	 use	 them	 from	 the	
driver’s	position,	no	animations	or	alarming	colors	were	used,	and	users	were	never	put	under	
pressure	to	provide	input.	Second,	both	when	starting	the	app	and	before	starting	the	exercise,	
participants	were	informed	to	continue	only	if	the	driving	situation	and	their	mental	state	allow	
it.	Third,	unlike	classical	mediations,	the	exercises	never	asked	participants	to	close	their	eyes.	
Instead,	 they	 were	 explicitly	 guided	 to	 direct	 their	 gaze	 to	 the	 street	 by	 including	 mainly	
environment-centric	elements.	Fourth,	the	exercises	could	be	canceled	at	any	time	with	one	click.	

4. Results	
A	 total	 of	843	 trips	were	 tracked	via	 the	app,	with	 the	participants	 starting	a	mindfulness	

exercise	in	65.4	percent	of	the	cases.	Concentration	(14.3	%)	was	used	most	frequently,	followed	
by	energy	(short	version;	13.8	%)	and	morning	(long	version;	12.2	%).	
Running	 a	 linear	 mixed	 model	 analysis	 to	 address	 RQ1,	 it	 shows	 that	 the	 execution	 of	 a	

mindfulness	exercise	has	a	significant	positive	main	effect	on	participants	subjective	wellbeing	in	
terms	of	affective	arousal	and	 focus,	 indicating	 that	 the	exercise	made	them	calmer	and	more	
focused.	However,	there	were	no	significant	effects	on	participants		affective	valance	or	objective	
wellbeing,	 comparing	 the	 data	 collected	 before	 and	 after	 the	 drive.	 Regarding	 the	 latter,	 the	
analysis	focused	on	the	heart	rate,	since	this	parameter	was	validly	measured	by	all	wearables,	
independent	 of	 their	 brand	 and	model.	 Considering	 RQ2,	 it	 can	 be	 said	 that	 a	more	 positive	
affective	state	before	the	drive,	a	 lower	heart	rate	before	the	drive,	better	sleep	quality	 in	the	
previous	night	 (well-being	 factors),	 the	absence	of	passengers,	 and	 the	absence	of	 congestion	
(driving	situation	factors)	have	a	significant	positive	effect	on	the	usage	of	mindfulness	exercises.	
Finally,	answering	RQ3,	the	interview	data	were	analyzed,	resulting	in	four	different	categories	
of	 design	 recommendations:	 content,	 voice,	 length,	 and	 others.	 Most	 significant,	 participants	
highlighted	the	importance	to	adapt	the	content	to	the	driving	situation	(content),	to	offer	a	large	
selection	of	exercises	as	well	as	different	lengths	(content,	length),	and	to	use	a	non-monotonous	
voice.			



5. Discussion	and	Conclusion	
The	result	presented	give	a	first	indication	of	the	effectiveness	of	mindfulness	exercises	that	can	
be	done	while	driving	a	car,	and	provide	inspiration	for	a	guideline	for	the	design	and	delivery	of	
such	interventions.	Even	if	there	is	evidence	for	the	positive	effects	of	in-car	mindfulness	on	a	
subjective	level,	no	physiological	effects	were	found.	That	can	be	explained	by	the	data	collection	
approach	using	wearables	in	a	non-laboratory	setting,	which	might	have	caused	a	lack	of	data	
validity.	 Even	 if	 a	 more	 standardized	 study	 design	 is	 necessary	 for	 the	 examination	 of	
physiological	effects,	wearables	will	be	a	relevant	data	source	when	it	comes	to	the	market	launch	
of	Automotive	Health	features,	since	they	will	be	more	and	more	common	in	people’s	everyday	
lives	in	the	future.	Similar	assumptions	can	be	made	for	the	topic	of	mental	health,	which	should	
motivate	 industry	 and	 academia	 alike	 to	 put	 these	 topics	 on	 their	 agenda	 to	make	 the	 car	 a	
personal	space	to	improve	peoples’	health.	

References	

[1] World	Health	Organization:	WHO	remains	firmly	committed	to	the	principles	set	out	in	
the	 preamble	 to	 the	 Constitution.	 URL:	
https://www.who.int/about/governance/constitution.	(2023)	

[2] Addam,	M.,	&	Matusiewicz.,	D.:	Automotive	Health-A	Systematic	Overview	of	opprtonities	
&	boundaries.	Proceedings	of	 the	12th	edition	of	Numerical	Analysis	and	Optimization	
Days,	8-20.	(2018)	

[3] Hovenga,	E.	J.:	Health	informatics:	An	overview.	IOS	Press.	(2010)	
[4] Wang,	J.,	Warnecke,	J.	M.,	Haghi,	M.,	&	Deserno,	T.	M.:	Unobtrusive	health	monitoring	in	

private	spaces:	The	smart	vehicle.	Sensors,	20(9),	2442.	(2020)	
[5] Singleton,	 P.	 A.,	 De	 Vos,	 J.,	 Heinen,	 E.,	 &	 Pudāne,	 B.:	 Potential	 health	 and	 well-being	

implications	of	autonomous	vehicles.	Advances	in	transport	policy	and	planning,	vol.	5,	
163-190.	(2020)	

[6] Black,	D.	S.:	A	brief	definition	of	mindfulness.	Behavioral	Neuroscience,	7(2),	109.	(2017)	
[7] Creswell,	 J.	 D.:	 Mindfulness	 interventions.	 Annual	 review	 of	 psychology,	 68,	 491-516.	

(2017)	
[8] Koppel,	S.,	Bugeja,	L.,	Hua,	P.,	Osborne,	R.,	Stephens,	A.	N.,	Young,	K.	L.,	...	&	Hassed,	C.:	Do	

mindfulness	interventions	improve	road	safety?	A	systematic	review.	Accident	Analysis	
&	Prevention,	123,	88-98.	(2019)	

[9] Paredes,	P.	E.,	Zhou,	Y.,	Hamdan,	N.	A.	H.,	Balters,	S.,	Murnane,	E.,	Ju,	W.,	&	Landay,	J.	A.:	
Just	breathe:	In-car	interventions	for	guided	slow	breathing.	Proceedings	of	the	ACM	on	
Interactive,	Mobile,	Wearable	and	Ubiquitous	Technologies,	2(1),	1-23.	(2018)	

[10] Paredes,	P.	E.,	Hamdan,	N.	A.	H.,	Clark,	D.,	Cai,	C.,	Ju,	W.,	&	Landay,	J.	A.:	Evaluating	in-car	
movements	in	the	design	of	mindful	commute	interventions:	exploratory	study.	Journal	
of	medical	Internet	research,	19(12),	e372.	(2017)	

[11] Campbell,	 J.	L.,	Brown.	 J.	L.,	Graving,	 J.	S.,	Richard,	C.	M.,	Lichty,	M.	G.,	Sanquist,	T.,	…	&	
Morgan,	 J.	 L.:	Human	 factors	design	guidance	 for	driver-vehicle	 interfaces	 (Report	No.	
DOT	 HS	 812	 360).	 Washington,	 DC:	 National	 Highway	 Traffic	 Safety	 Administration.	
(2016)	

	


