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Abstract	

	

The	 present	 PhD	 thesis	 lies	 within	 the	 area	 of	 Internet-based	 research;	

specifically	 it	 is	 concerned	 with	 Internet-based	 assessment	 via	 questionnaires	

and	 smartphones.	 The	 thesis	 investigates	 the	 influence	 of	 response	 scales	 and	

objective	sensor	data	from	smartphones	on	the	data	gathering	process	and	data	

quality.	 Internet-based	 questionnaires	 and	 tests	 are	 becoming	 increasingly	

common	 in	psychology	and	other	social	sciences	(Krantz	&	Reips,	2017;	Wolfe,	

2017).	It	 is	therefore	important,	for	researchers	and	practitioners	alike,	to	base	

decisions	 about	 their	 research	 design	 and	 data	 gathering	 process,	 on	 solid	

empirical	advice.		

The	 first	 research	 article	 compared	 two	 types	 of	 response	 scales,	 visual	

analogue	 scales	 (VASs)	 and	 Likert-type	 scales,	 with	 regard	 to	 non-response.	

Results	 indicated	 a	 positive	 effect	 of	 VASs	with	 regard	 to	 lowering	 dropout	 of	

participants.	 The	 second	 research	 article	 investigated	 the	 validity	 of	

measurement,	 again	 comparing	 VASs	 and	 Likert-type	 scales.	 Results	 largely	

indicated	measurement	 equivalence	 between	 the	 two	 response	 scale	 versions,	

with	 some	 evidence	 for	 better	 measurement	 quality	 with	 VASs.	 The	 third	

research	 article	 investigated	 the	 validity	 of	 objective	 sensor	 data	 in	 an	

experience	 sampling	 design.	 The	 association	 of	 subjective	 well-being	 with	

smartphone	 tilt	 was	 investigated	 in	 two	 separate	 samples.	 Results	 provided	

evidence	 for	 the	 validity	 of	 smartphone	 tilt	 as	 an	 indicator	 of	 subjective	well-

being.	Furthermore,	potential	biases	and	problems	when	implementing	objective	

data	 are	 discussed,	 specifically	 when	 different	 software	 implementations	 and	

operating	systems	are	involved.	

In	conclusion,	the	PhD	thesis	offers	valuable	insights	on	Internet-based	

assessment.	The	VAS’s	position	as	a	superior	response	scale	was	strengthened.	

Its	advantages	over	more	traditional	Likert-type	scales,	e.g.,	offering	better	

distributional	properties	and	more	valid	information,	were	confirmed	and	no	

disadvantages	emerged.	Smartphone	sensor	data	were	shown	to	provide	a	way	

to	validate	self-report	measurement,	if	potentially	important	caveats	related	to	

differences	in	data	are	identified	and	addressed.		 	
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Scientific	contribution	of	the	PhD	thesis	

	

The	 PhD	 thesis	 empirically	 investigates	 methods	 for	 Internet-based	

research	that	promise	to	optimize	assessment.	Specifically,	it	aims	to	assure	and	

expand	 on	 theoretically	 derived	 advantages	 for	 assessments	 implementing	

questionnaires	as	well	as	smartphones.	

As	a	cumulative	dissertation,	three	scientific	articles	are	presented,	two	of	

which	 have	 been	 published	 and	 one	 being	 under	 review.	 The	 first	 article	

investigates	the	influence	of	response	scale	format	on	non-response	and	missing	

data,	comparing	Likert-type	and	visual	analogue	scales	(VAS).	In	Internet-based	

studies	 the	hurdle	 to	drop	out	 is	 lower	 for	participants	as	 there	 is	no	personal	

accountability	towards	an	experimenter	and	leaving	a	study	is	very	simple,	e.g.,	

by	 just	 closing	a	browser	window.	An	early	meta	analysis	by	Musch	and	Reips	

(2000)	 estimated	 median	 dropout	 at	 35%.	 Dropout	 rates	 in	 Internet-based	

interventions	 quite	 often	 exceed	 50%	 (Eysenbach,	 2005).	 Dropout	 means	

missing	 data	 from	 participants	 that	 had	 already	 been	 recruited	 to	 take	 part,	

rendering	 the	 effort	 of	 the	 recruitment	 process	 partly	 in	 vain.	 Altering	 the	

response	scale	 format,	arguably	a	 low	impact	change,	might	provide	an	easy	to	

implement	way	 for	 researchers	 to	 decrease	 dropout	 and	 increase	 information	

gathered.	

The	 second	 article	 investigates	 the	 properties	 of	 VASs	 in	 Internet-based	

personality	questionnaires.	 Its	aim	is	 to	explore	empirically	whether	the	added	

response	options	with	more	fine-grained	answers	do	actually	convey	more	valid	

information	 than	 often-used	 Likert-type	 scales.	 The	 continuous	 response	 scale	

proposes	numerous	advantages	for	measurement	(Aguinis,	Pierce,	&	Culpepper,	

2009;	 Funke	 &	 Reips,	 2012;	 Krieg,	 1999),	 which	 are	 examined	 empirically	

implementing	 well-validated	 personality	 scales	 in	 combination	 with	 highly	

reliable	criteria.	Expected	effect	sizes	were	small,	therefore	special	emphasis	was	

given	on	recruiting	a	large	sample,	guaranteeing	adequate	power	(Cohen,	1992;	

Open	Science	Collaboration,	2015).	The	article	 furthers	scientific	knowledge	by	

evaluating	the	properties	of	VASs	in	a	typical	setting	for	Internet-based	research.	
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The	third	article	explores	information	maximization	in	experience	sampling	

studies.	The	assessment	and	analysis	of	sensor	data	 in	a	smartphone	study	are	

investigated	 and	 the	 possibility	 to	 connect	 this	 data	 to	 more	 traditional	 self-

report	 measures.	 The	 investigation	 does	 not	 only	 focus	 on	 the	 connection	

between	 sensor	 and	 self-report	 data	 but	 it	 also	 includes	 a	 comparison	 of	 the	

same	data	from	different	sources,	 i.e.,	different	operating	systems	and	software	

versions.	 This	 is	 an	 important	 contribution,	 because	 experience	 sampling	

research	 usually	 employs	 users'	 own	 smartphones	 for	 the	 assessment	 (Miller,	

2012).	 Different	 devices	 present	 a	 possible	 source	 of	 technical	 heterogeneity,	

apart	from	actual	differences	between	the	populations	(Blunck	et	al.,	2013).	

Overall,	the	articles	that	form	the	current	PhD	thesis	explore	possibilities	of	

increasing	 the	 quality	 of	 measurement	 in	 Internet-based	 assessment.	 They	

provide	researchers	and	practitioners	with	valuable	insights	and	methodological	

advice	for	their	Internet-based	studies.	

	

General	Introduction	

The	 advent	 of	 computers	 and	 the	 Internet	 had	 a	 profound	 impact	 on	

research	in	the	social	sciences.	The	digital	revolution	provided	opportunities	to	

improve	 on	 existing	 methods	 as	 well	 as	 completely	 new	 ways	 to	 conduct	

research.	 Often-mentioned	 advantages	 are	 the	 availability	 of	 a	 more	 diverse	

sample	 as	 well	 as	 the	 recruitment	 of	 larger	 samples	 with	 little	 effort	 or	 cost	

(Krantz	 &	 Reips,	 2017;	 Reips,	 2000).	 However,	 the	 opportunities	 do	 not	 only	

pertain	to	sample	characteristics.	Computers	and	the	Internet	offer	improved	or	

completely	 new	methodologies	 to	 conduct	 research.	 These	 include	 automated	

and	more	 precise	 data	 gathering,	 Internet-based	 experiments	 (Reips,	 2007)	 as	

well	 as	 gathering	 data	 via	 smartphones	 (MacKerron	 &	 Mourato,	 2013;	 Miller,	

2012).	New	technologies	are	not	only	valuable	in	research,	they	have	a	profound	

impact	on	practice	as	well.	An	example	area	are	Internet-based	interventions	for	

health	 behavior	 change,	 which	 broaden	 the	 scope	 of	 traditional	 aftercare	

(Portnoy,	 Scott-Sheldon,	 Johnson,	 &	 Carey,	 2008;	 Webb,	 Joseph,	 Yardley,	 &	

Michie,	2010).	Internet-based	interventions	offer	participants	the	opportunity	to	

take	part	 remotely	and	at	 a	 time	of	 their	 convenience.	Furthermore,	 they	offer	
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the	possibility	to	adapt	the	content	based	on	previous	replies	by	the	participant	

and	other	variables,	so	called	tailoring	(Lustria	et	al.,	2013;	Wienert	&	Kuhlmann,	

2015).	

The	 emergence	 of	 new	 technologies	 requires	 the	 investigation	 of	 the	

properties	 and	 effects	 of	 the	 accompanying	 new	 methods	 when	 conducting	

research,	 and	 ultimately	 for	 the	 implementation	 in	 applied	 settings	 (Musch	 &	

Reips,	2000;	Reips,	2000).	There	are	numerous	differences	between	traditional	

research	methods,	e.g.,	paper-and-pencil	questionnaires,	and	computer-based	or	

Internet-based	methods	(e.g.,	for	tests	see	Buchanan	et	al.,	2005;	for	experiments	

see	Reips,	 2000).	New	 technologies	 often	 promise	 better	ways	 for	 researchers	

and	practitioners	to	gather	information	from	participants.	However,	whether	the	

proposed	advantages	manifest	themselves	in	practice	remains	to	be	determined.	

This	 holds	 true	 in	 the	 research	 setting	 as	well	 as	 applied	 contexts	 (see	Wolfe,	

2017).	 Empirical	 studies	 and	 experiments	 that	 systematically	 evaluate	 new	

methodology	 to	 ascertain	 advantages	 are	 an	 important	 part	 of	 scientific	

discovery.	 They	 are	 also	 able	 to	 reveal	 potential	 problems	 and	 caveats	 of	 the	

actual	 implementation	 that	 were	 not	 known	 before.	 The	 present	 dissertation	

focuses	 on	 the	 area	 of	 Internet-based	 assessment,	 specifically	 Internet-based	

questionnaires	 and	 smartphone	 studies.	 With	 an	 increasing	 proliferation	 of	

Internet	 access	 and	 smartphones	worldwide	 (Accenture,	 2011),	 this	 area	 is	 of	

profound	 importance	 to	 social	 scientists,	 increasingly	 so	 in	 the	 near	 future	

(Krantz	&	Reips,	2017;	Miller,	2012).	

One	type	of	response	scale	that	has	garnered	increasing	attention	with	the	

introduction	of	computers	and	the	Internet	is	the	VAS	(Hayes	&	Patterson,	1921).	

The	 following	 section	 describes	 different	 response	 scales	 implemented	 in	

Internet-based	research	and	their	properties,	including	the	VAS.	

	

Response	scales	

Internet-based	 questionnaires	 are	 becoming	 more	 and	 more	 common	 in	

the	social	sciences.	The	decision	on	a	specific	type	of	response	scale	is	nontrivial,	

as	 previous	 research	 has	 shown	 that	 responses	 by	 participants	 are	 already	

influenced	 by	 questionnaire	 design	 (Schwarz,	 1999).	 Depending	 on	 the	 given	
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response	 options	 as	 well	 as	 context,	 responses	 to	 the	 same	 question	 differ	

profoundly	(Nye,	Newman,	&	Joseph,	2010;	Schwarz,	1999).	This	occurs	because	

participants	 infer	the	meaning	of	a	question	and	the	underlying	construct	 from	

features	of	the	response	scale,	among	others	(Weng,	2004).	When	the	participant	

is	asked	to	indicate	the	degree	of	agreement	to	a	statement,	Likert-type	response	

scales	 are	 often	 implemented	 (Wakita,	 Ueshima,	 &	 Noguchi,	 2012).	 These	

response	scales	offer	a	certain	number	of	discrete	answer	options	on	an	ordinal	

level	(see	Figure	1).	

The	visual	analogue	scale,	on	the	other	hand,	provides	participants	with	a	

continuous	answer	format	without	discrete	options.	It	was	developed	by	Hayes	

and	Patterson	(1921)	as	a	response	format	in	the	early	20th	century,	long	before	

the	 advent	 of	 computers	 and	 the	 Internet.	 An	 example	 item	 displayed	 in	

comparison	of	the	VAS	and	Likert-type	response	formats	is	shown	in	Figure	1.	The	

visual	 analogue	 scale	 offers	 participants	 the	 opportunity	 to	 indicate	 their	

answers	to	questions	of	magnitude	on	a	continuous	scale	spanning	between	two	

anchors.	 In	 contrast	 to	 dichotomous	 or	 Likert-type	 response	 formats,	 which	

present	discrete	 response	options,	 the	VAS	gives	participants	 the	possibility	 to	

respond	in	a	more	fine-grained	way.	

	

	
Figure	1.	Example	item	in	VAS	format	(top)	and	Likert-type	format	(bottom).	

	

In	 theory,	 the	 VAS	 response	 format	 allows	 for	 the	 assessment	 of	 more	

detailed	 responses	 and	 in	 consequence	 responses	 on	 this	 scale	 contain	 more	

information	 than	 responses	 on	 a	 discrete	 scale	 to	 the	 same	 item.	 Reips	 and	
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Funke	 (2008)	 investigated	 the	 level	 of	 measurement	 provided	 by	 VASs.	

Participants	were	asked	to	judge	percentages	or	ratios	on	VASs	ranging	from	50	

to	 800	 pixels	 in	 size.	 They	 concluded	 that	 for	 VASs	 of	 all	 sizes	 there	 is	 strong	

evidence	 for	measurement	 on	 the	 level	 of	 an	 interval	 scale	 as	 opposed	 to	 the	

ordinal	level	provided	by	Likert-type	scales.	

Aguinis	et	al.	(2009)	report	on	a	systematic	bias	present	in	every	response	

format	 that	 uses	 discrete	 categories.	 The	 problem	 is	 innate	 when	 trying	 to	

measure	a	continuous	trait	with	a	discrete	response	scale,	as	the	true	subjective	

value	of	the	continuous	trait	very	often	falls	between	different	response	options.	

When	only	one	 item	is	 implemented	or	multiple	 items	with	the	same	difficulty,	

this	 results	 in	 a	 systematic	 bias	 towards	 the	 more	 close	 response	 category,	

distorting	 the	 real	 value.	 Previous	 research	 already	 addressed	 this	 topic	 for	

semantic	differentials,	where	advantages	of	the	VAS	format	in	comparison	to	5-

point	Likert-type	scales	where	shown	(Funke	&	Reips,	2012).	

Apart	 from	 eliminating	 possible	 biases	 due	 to	 coarse	 categories,	 the	 VAS	

format	also	 influences	responses	 in	other	ways.	Schwarz	(1999)	notes	how	the	

response	 format	 implicitly	 conveys	 possible	 options	 and	 their	 detail	 to	

respondents.	 It	may	 thus	 be	 that	 participants	 shape	 their	 answer	 according	 to	

the	 response	 options	 they	 are	 presented.	 A	 continuous	 response	 format	

alleviates	part	of	this	bias	as	no	predefined	response	categories	are	presented.	

The	number	of	response	categories	also	has	an	impact	according	to	range-

frequency	 theory	 (Parducci,	 1965).	 The	 theory	 proposes	 that	 when	 judging	

stimulus	 ranges,	 participants	 use	 present	 response	 categories	 to	 subdivide	 the	

psychological	range	of	possible	judgments.	Furthermore,	participants	will	try	to	

use	 the	 categories	 with	 fixed	 proportions.	 The	 response	 to	 the	 same	 stimulus	

might	thus	be	different	if	the	number	of	response	categories	or	the	frequencies	

of	the	presented	stimuli	are	changed	(Parducci,	1965).	VASs	do	not	offer	obvious	

subdivisions	as	no	subcategories	are	presented.	In	theory,	their	implementation	

is	therefore	an	option	to	alleviate	those	influences	in	the	response	process.	

Previous	 research	 has	 indicated	 that	 participants	 prefer	 the	 continuous	

response	format	compared	to	other	Likert-type	response	scales	(Tucker-Seeley,	

2008).	 Given	 the	 prevalence	 of	 dropout	 in	 Internet-based	 research	 (Musch	 &	

Reips,	2000),	this	might	have	an	influence	on	non-response.	Intrinsic	motivation	
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and	 engagement	 are	 important	 factors	 for	 the	 decision	 of	 participants	 to	

continue	in	an	Internet-based	study	(Eysenbach,	2005).	Presenting	items	in	the	

preferred	 response	 format	 is	 an	 easy	 way	 of	 catering	 to	 the	 preferences	 of	

participants	while	enhancing	other	aspects	of	the	data	gathering	process	as	well.	

	

Smartphone	revolution	

The	increasing	usage	of	smartphones	across	the	globe	presents	one	of	the	

latest	technological	changes	that	had	a	profound	impact	on	the	way	research	is	

conducted	 and	 the	 possibilities	 to	 gather	 data	 from	 participants	 (Harari	 et	 al.,	

2016;	 Miller,	 2012).	 Smartphones	 offer	 the	 opportunity	 for	 assessment	 with	

minimal	hassle	 to	participants	 in	everyday	 life;	a	method	known	as	experience	

sampling	 (Conner,	 Tennen,	 Fleeson,	 &	 Barrett,	 2009;	 Stieger	 &	 Reips,	 2017).	

Longitudinal	 studies	 with	 repeated	 measures	 used	 to	 be	 dependent	 on	 more	

complicated	or	less	valid	procedures,	e.g.,	handing	out	electronic	devices	for	data	

gathering	or	diary	methods.	Smartphones	present	a	way	to	gather	data	using	a	

device	 the	 participants	 are	 already	 familiar	 with,	 i.e.,	 their	 own	 smartphone	

which	 is	 available	at	nearly	all	 times	 (Miller,	2012).	 Slider	and	visual	 analogue	

scales	are	a	natural	response	format	in	smartphone-based	studies,	as	these	types	

of	 scales	 lend	 themselves	 to	 be	 used	with	 touch	devices	 (Buskirk,	 Saunders,	&	

Michaud,	 2015;	 Pokress	 &	 Veiga,	 2013).	 Besides	 the	 assessment	 of	 self-report	

data,	 smartphones	 offer	 the	 possibility	 to	 gather	 data	 from	 various	 objective	

sensors	 without	 any	 effort	 from	 the	 participant.	 This	 includes	 GPS	 data,	

gyroscope	data	as	well	as	accelerometers,	among	others	(Brajdic	&	Harle,	2013;	

He	 &	 Li,	 2013).	 The	 sensor	 data	 potentially	 serve	 as	 an	 additional	 source	 of	

relevant	 information	 to	 be	 used	 by	 researchers	 in	 their	 study	 designs.	 The	

sensors	provide	data	that	require	little	effort	from	both	the	participant	as	well	as	

researcher.	 In	 addition,	 the	 data	 are	 more	 objective	 in	 nature,	 in	 contrast	 to	

subjective	self-reports.		

The	present	 thesis	 explores	 some	of	 the	possibilities	mentioned	 above	 in	

the	third	article.	The	use	of	gyroscope	data	in	connection	with	self-reported	well-

being	was	 investigated.	 An	 overview	 of	 the	 values	 gathered	 via	 the	 gyroscope	

sensor	 is	 given	 in	 Figure	 2.	 The	 values	 of	 pitch	 and	 roll	 provide	 information	
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about	the	position	the	smartphone	is	currently	at.	Values	of	zero	 indicate	a	 flat	

position,	 e.g.,	 when	 the	 phone	 is	 lying	 on	 a	 table.	 Deviations	 from	 zero	 are	

indicative	of	tilt	away	from	this	position.	

	
Figure	2.	Illustration	of	tilt	measures	pitch	and	roll	in	relation	to	smartphone	axes.	

	

Previous	research	has	used	gyroscope	data	to	identify	patterns	of	physical	

activity	or	falling	(Case,	Burwick,	Volpp,	&	Patel,	2015;	Yavuz	et	al.,	2010).	Data	

from	the	sensor	have	also	been	used	to	detect	changes	in	body	posture	with	an	

overall	 detection	 accuracy	 of	 over	 95%	 (He	 &	 Li,	 2013).	 The	 third	 research	

article	of	the	PhD	thesis	investigates	the	use	of	such	sensor	data	in	more	detail,	

specifically	in	association	with	subjective	well-being.	 	
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Summary	of	first	research	article:	Using	Visual	Analogue	Scales	

in	eHealth	

Internet-based	 health	 promotion	 is	 a	 promising	 approach	 for	 delivering	

behavior	 change	programs	 to	participants	anywhere	at	any	 time,	 as	 long	as	an	

Internet-connected	 device	 is	 available	 (Lustria	 et	 al.,	 2013).	 It	 also	 offers	 the	

option	 to	 tailor	 the	 content	 of	 the	 program	 to	 participants,	 e.g.,	 depending	 on	

their	self-efficacy	or	stage	of	change	(Schwarzer,	Lippke,	&	Luszczynska,	2011),	

thereby	 increasing	the	effectiveness	(Lustria	et	al.,	2013;	Wienert	&	Kuhlmann,	

2015).	 The	 present	 study	 investigates	 the	 impact	 of	 implementing	 different	

response	 scales,	 namely	 Likert-type	 and	 VAS,	 in	 an	 Internet-based	 aftercare	

program	for	cardiac	patients.	

Dropout	 and	 missing	 data	 are	 frequent	 phenomena	 in	 Internet-based	

research	 in	general	 (Reips,	2006)	and	eHealth	 in	particular	 (Eysenbach,	2005).	

However,	the	consequences	are	potentially	more	serious	in	the	eHealth	context,	

as	 dropout	 in	 these	 cases	 means	 no	 continuing	 treatment	 for	 the	 participant.	

Additionally,	missing	data	potentially	leads	to	a	less	effective	treatment,	in	case	

the	data	could	have	been	used	to	tailor	the	content	of	the	program.	Measures	to	

reduce	 dropout	 are	 therefore	 even	 more	 important,	 especially	 as	 dropout	 is	

higher	among	subgroups	with	an	increased	risk	for	adverse	health	events.	These	

are	participants	with	 the	highest	possible	gain	 from	adhering	 to	 the	guidelines	

and	suggestions	from	the	program	(Moroshko,	Brennan,	&	O'Brien,	2011).	

Previous	studies	investigating	the	impact	of	response	scale	on	dropout	and	

missing	data	showed	mixed	results.	An	early	study	found	negative	effects	of	the	

VAS	in	comparison	to	Likert-type	scales	(Couper,	Tourangeau,	Conrad,	&	Singer,	

2006).	However,	these	differences	were	confounded	by	more	technical	demands	

in	 the	VAS	 condition	 (Couper	 et	 al.,	 2006).	 A	more	 recent	 study	 by	 Funke	 and	

Reips	 (2012)	 did	 not	 find	 a	 difference	 in	 dropout	 and	 a	 tendency	 toward	 less	

missing	 data	 when	 implementing	 the	 VASs	 as	 opposed	 to	 Likert-type	 scales.	

Technological	challenges	of	 implementing	VASs	are	no	 longer	present	 in	newer	

studies.	 Furthermore,	 there	 are	 indications	 that	 participants	 prefer	 the	

continuous	format	of	VASs	over	Likert-type	scales	(Tucker-Seeley,	2008).	
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Given	 the	 lack	 of	 technological	 challenges	 and	 the	 importance	 of	

motivational	 factors	 for	 dropout	 (Reips,	 2002;	 Schwarz	 &	 Reips,	 2001),	 a	

reduced	dropout	for	the	implementation	of	VASs	compared	to	Likert-type	scales	

is	 hypothesized.	 Furthermore,	 in	 line	 with	 previous	 results,	 lower	 standard	

deviations	 for	 variables	 assessed	 via	 VASs,	 but	 no	 differences	 in	 means,	 were	

expected.	

	

Method	

The	 experimental	 manipulation	 of	 the	 current	 study	 was	 the	

implementation	of	either	VASs	or	Likert-type	scales	in	the	baseline	questionnaire	

at	the	beginning	of	an	eHealth	intervention.	The	eHealth	intervention	itself	was	

designed	 as	 an	 aftercare	 program	 for	 cardiac	 rehabilitation	 patients,	 aimed	 at	

improving	 physical	 activity,	 as	 well	 as	 diet;	 details	 of	 the	 intervention	 are	

published	in	a	study	protocol	(Reinwand,	Kuhlmann,	Wienert,	de	Vries,	&	Lippke,	

2013).	 The	 effectiveness	 of	 the	 program	 is	 also	 described	 by	 Reinwand	 et	 al.	

(2016)	and	Storm	et	al.	(2016a).	The	response	scales	were	the	only	variation	in	

the	current	study.	Participants	were	randomized	to	either	a	VAS	or	Likert-type	

condition	at	the	beginning	of	the	study.	In	the	VAS	type	condition	items	could	be	

answered	 on	 a	 continuous	 line	 with	 the	 anchors	 "Strongly	 Disagree"	 and	

"Strongly	Agree".	In	the	Likert-type	condition	the	same	items	and	anchors	were	

used,	 but	 instead	 of	 a	 continuous	 line,	 seven	 radio	 buttons	 were	 given	 as	 the	

response	 format.	 Both	 response	 scales	 were	 displayed	 in	 approximately	 the	

same	length	on	the	screen.	An	example	item	in	both	formats	is	shown	in	Figure	3.	

Apart	from	the	different	response	scales,	both	conditions	were	identical.	

	
Figure	3.	Example	item	in	VAS	(top)	and	Likert-type	format	(bottom).	
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The	total	baseline	questionnaire	consisted	of	129	 items	of	which	55	were	

presented	 in	 either	 VAS	 or	 Likert-type	 format.	 The	 other	 items	 did	 not	 have	

graded	response	options,	e.g.,	sociodemographic	questions	or	stages	of	change.	

Recruitment	 for	 the	 study	 took	 place	 at	 nine	 rehabilitation	 centres	 in	

Northern	Germany,	via	local	newspaper	articles,	research	agency	online	panels,	

and	information	on	Jacobs	University's	homepage.		

	

Results	

A	total	of	446	participants	comprised	the	sample,	about	one	third	of	these	

were	 the	 original	 target	 group	 of	 the	 aftercare	 program,	 cardiac	 rehabilitation	

patients.	 Almost	 all	 participants	 (97%)	were	German	native	 speakers.	 The	 age	

ranged	 from	 24	 to	 77	 years	 (M=52.4,	 SD=12.1).	 The	 education	 of	 the	 sample	

varied,	with	52.6%	of	the	sample	having	finished	high	school	or	earning	a	higher	

degree.	

The	 comparison	of	means	 for	both	 scale	versions	 in	 the	55	 items	did	not	

show	 significant	 differences.	 Standard	 deviations	were	 smaller	 for	 47	 items	 in	

the	VAS	questionnaire	version,	2P(	Y	≥	47	|	n=55,	P	=.5)	<	.001.	Investigating	the	

latent	 constructs	 of	 the	 scales,	 there	 was	 also	 no	mean	 difference	 shown	 and	

standard	 deviations	 of	 13	 of	 the	 15	 total	 scales	 were	 smaller	 in	 the	 VAS	

condition.	

Due	to	a	technical	error,	dropout	could	not	be	analyzed	across	the	different	

sessions	of	the	intervention.	Therefore,	the	dropout	across	the	first	session	of	the	

eHealth	program	was	analyzed.	A	participant	was	considered	as	having	dropped	

out	only	if	she	left	the	questionnaire.	Skipping	items	or	pages	was	not	considered	

dropout.	Dropout	curves	for	both	questionnaire	versions	are	shown	in	Figure	4.	

In	 the	 VAS	 questionnaire	 version,	 73	 of	 231	 initial	 participants	 did	 not	

finish	the	questionnaire	(31.6%),	whereas	in	the	Likert	version,	88	of	215	initial	

participants	dropped	out	(40.9%).	A	Cox	regression	with	a	directed	hypothesis	

resulted	in	a	significant	difference	between	the	groups,	odds	ratio	=	0.754,	90%	

CI	(0.58-0.98),	p	=.04,	 in	favor	of	the	VAS	scale	to	the	Likert-type	scale.	Neither	

gender	nor	the	participation	in	cardiac	rehabilitation	before	participating	in	the	

aftercare	program	was	related	to	dropout.	
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Figure	4.	Dropout	curves	throughout	the	entire	baseline	questionnaire	by	response	scale	version.	
	

The	 missing	 data	 analysis	 was	 performed	 only	 for	 items	 that	 were	

presented	as	either	VAS	or	Likert-type	answer	scales.	Items	of	identical	format	in	

both	the	questionnaire	versions	were	excluded.	The	total	number	of	 items	that	

could	be	skipped	without	answering	was	55.	The	amount	of	presented	items	that	

were	 unanswered	 by	 participants	 was	 analyzed.	 In	 the	 VAS	 questionnaire	

version,	7%	(SD=20%)	of	the	presented	items	were	skipped	on	average,	whereas	

in	the	Likert-questionnaire	version,	8%	(SD=18%)	of	the	items	were	skipped	on	

average.	This	difference	was	not	significant.	

	

Discussion	

The	present	 study	 investigated	VASs	 in	 the	applied	 context	of	 an	eHealth	

program.	Findings	with	regard	to	distributional	properties	in	this	study	replicate	

findings	from	previous	studies	(Couper	et	al.,	2006;	Funke	&	Reips,	2012).	Equal	

means	in	both	conditions	assure	the	comparability	of	results	derived	from	VASs	

to	results	based	on	Likert-type	response	scales.	Lower	SDs	when	implementing	

VASs	 translate	 into	 smaller	 standard	 errors.	 This	 provides	 more	 power	 to	

statistical	analyses	compared	to	results	gathered	via	Likert-type	response	scales	
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(Cohen,	1992).	As	the	recruitment	of	participants	 is	often	difficult	 in	the	health	

context,	this	is	an	important	reason	to	consider	VASs	in	this	area.	

In	 line	 with	 the	 hypotheses	 based	 on	 previous	 findings	 in	 the	 literature,	

there	 was	 a	 significant	 lower	 dropout	 in	 the	 VAS	 questionnaire	 version	 in	

comparison	to	the	dropout	by	participants	who	were	provided	with	Likert-type	

scales.	 A	 trend	 towards	 fewer	missing	 values	 was	 also	 observed,	 but	 was	 not	

significant.	Dropout	has	been	argued	to	reflect	a	 lack	of	motivation	to	continue	

participation,	among	other	factors	(Eysenbach,	2005;	Reips,	2007;	Reips,	2002).	

It	is	therefore	conceivable	that	the	lower	dropout	in	the	VAS	condition	reflects	a	

preference	of	participants	for	this	type	of	scale	over	Likert-type	scales	(Tucker-

Seeley,	2008).	The	 implementation	of	VASs	may	result	 in	 less	reactance	and	an	

increased	interest	in	continuing	with	answering	the	items.	The	effect	size	of	the	

difference	 in	 dropout	 may	 initially	 seem	 small	 with	 only	 a	 9%	 difference.	

However,	in	the	context	of	an	eHealth	program	aimed	at	reducing	the	risk	of	life-

threatening	 cardiac	 incidents,	 even	 small	 differences	 in	 dropout	 have	 great	

implications	 with	 regard	 to	 health.	 Future	 studies	 are	 needed	 to	 investigate	

whether	 the	 findings	 of	 the	 current	 study	 are	 stable	 in	 the	 eHealth	 context.	

Furthermore,	the	investigation	of	dropout	across	sessions	of	eHealth	programs	is	

necessary.	 This	was,	 unfortunately,	 not	 possible	 in	 the	 current	 study	 due	 to	 a	

technical	error.	

VASs	 are	 promising	 as	 a	 viable	 tool	 in	 eHealth	 programs.	 Advantages	

related	 to	 distributional	 properties	 hold	 true	 in	 the	 applied	 context	 of	 eHealth	

programs.	 Within-session	 dropout	 was	 also	 lower	 when	 VASs	 were	

implemented.	 Longer-term	 implications	 of	 VASs	 on	 between-session	 dropout	

will	need	to	be	studied,	particularly	in	the	context	of	eHealth.	
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Bridge	to	second	research	article	

The	 first	 article	 examined	 the	 properties	 of	 VASs	 with	 regard	 to	 non-

response	 and	 positive	 effects	 in	 comparison	 to	 Likert-type	 scales	 were	 found.	

Furthermore,	no	differences	in	mean	ratings	were	observed,	but	lower	standard	

deviations	for	the	same	constructs	measured	via	VAS.		

The	 second	 article	 contributes	 to	 the	 above	 findings	 by	 investigating	 the	

validity	of	the	measurement.	Advantages	of	the	VAS	format	have	been	shown	in	

terms	of	distributional	properties	and	lower	standard	errors	in	previous	studies,	

suggesting	better	measurement	quality	(Funke	&	Reips,	2012;	Myles	&	Urquhart,	

2005;	 Reips	 &	 Funke,	 2008).	 However,	 the	 question	 remains	 whether	 the	

additional	 response	 options	 present	 in	 a	 continuous	 scale	 also	 translate	 into	 a	

more	 valid	 assessment	 of	 the	 underlying	 construct.	 Previous	 studies	 and	

theoretical	 deductions	 do	 suggest	 that	 a	 more	 fine-grained	 response	 format	

without	suggestive	categorization	should	lead	to	an	improved	assessment	of	the	

true	value	of	the	assessed	dimension	(Aguinis	et	al.,	2009;	Funke	&	Reips,	2012;	

Schwarz,	1999).	The	second	article	investigates	this	claim	using	well-established	

personality	scales.	The	study	uses	a	counterbalanced	within-design	and	criteria	

to	address	validity	that	can	be	measured	with	a	very	high	reliability,	namely	age	

and	gender.	In	order	to	accurately	investigate	potential	differences	between	the	

scales,	 a	 large	 sample	 is	 needed	as	 the	proposed	effect	 sizes	 are	 small	 (Cohen,	

1992;	Open	Science	Collaboration,	2015).	The	within-design	in	combination	with	

a	sample	of	879	participants	 insures	an	adequate	power	 for	comparison	of	 the	

scales.	 	
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Summary	of	second	research	article:	Investigating	measurement	

equivalence	of	Visual	Analogue	Scales	and	Likert-type	scales	in	

Internet-based	personality	questionnaires	

When	designing	an	online	survey,	the	question	of	how	to	design	items	and	

which	 response	 options	 to	 present	 depends	 on	 a	 different	 set	 of	 rules	 than	 in	

offline	 surveys	 (Callegaro,	 Manfreda,	 &	 Vehovar,	 2015;	 Hewson,	 Vogel,	 &	

Laurent,	 2015).	 In	 measuring	 the	 degree	 of	 agreement	 with	 a	 statement,	 the	

response	 options	 are	 often	 presented	 in	 a	 Likert-type	 scale	 with	 a	 certain	

number	of	ordinal	 response	options.	 Instead	of	providing	a	discrete	number	of	

response	options,	VASs	provide	participants	with	a	continuous	line.	Participants	

mark	any	point	on	this	line	that	corresponds	to	their	subjective	agreement.	VASs	

allow	 respondents	 to	 communicate	 subjective	 values	 more	 accurately	 than	

Likert-type	 scales.	 Assessment	 via	 VASs	 has	 been	 shown	 to	 be	 linear	 (Myles,	

Troedel,	 Boquest,	 &	 Reeves,	 1999;	 Myles	 &	 Urquhart,	 2005)	 and	 several	

properties	 indicate	measurement	on	 the	 level	of	 an	 interval	 scale	 (Myles	et	 al.,	

1999;	 Reips	 &	 Funke,	 2008).	 Moreover,	 the	 format	 of	 VASs	 suggests	 to	

participants	 that	 their	 answer	 should	 be	 precise,	 because	 the	 number	 of	

response	categories	communicates	how	elaborated	the	expected	answer	should	

be	 (Schwarz,	 1999).	 The	 problem	 of	 scale	 coarseness	 (Aguinis	 et	 al.,	 2009),	

distorting	 assessment	 due	 to	 measuring	 a	 continuous	 latent	 construct	 with	 a	

fixed	number	of	response	categories,	is	not	present	in	VASs.	

Given	 the	 cumulative	 evidence	 of	 better	 distributional	 properties	 and	

indications	 of	 a	 higher	 scale	 of	 measurement,	 the	 question	 remains	 whether	

VASs	 also	 offer	 more	 information	 about	 the	 assessed	 construct,	 i.e.,	 whether	

responses	gathered	via	VASs	offer	more	valid	 information	 than	 those	gathered	

via	 other	 response	 scales.	 This	 question	was	 positively	 answered	 in	 between-

subjects	designs	for	percentages	and	the	construct	sense	of	style	(Funke	&	Reips,	

2012;	Reips	&	Funke,	2008).	The	present	study	aims	to	investigate	the	additional	

information	 provided	 by	 responses	 on	 a	 VAS-type	 scale	 in	 comparison	 to	

responses	 to	 the	 same	 items	 on	 a	 Likert-type	 scale	 directly,	 i.e.,	 in	 a	 within-

subjects	design.	
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A	criterion	with	perfect	reliability	is	the	gold	standard	when	investigating	

validity	of	information,	as	differences	in	the	interrelation	are	directly	related	to	

the	 properties	 of	 the	 construct	 under	 investigation.	 The	 current	 study	

implemented	age	and	gender	as	criteria,	because	they	are	measures	with	a	very	

high	 reliability.	 The	 authors	 chose	 three	 well	 investigated	 and	 established	

personality	 constructs:	 Sensation	 Seeking,	 Conscientiousness,	 and	 Narcissism.	

All	of	these	have	shown	a	correlation	with	age	and	gender	in	previous	research	

(e.g.,	Donnellan	&	Lucas,	2008;	Roberts,	Edmonds,	&	Grijalva,	2010;	Srivastava,	

John,	 Gosling,	 &	 Potter,	 2003;	 Steinberg	 et	 al.,	 2008;	 Twenge,	 Konrath,	 Foster,	

Keith	Campbell,	&	Bushman,	2008).	

The	 main	 research	 question	 is	 to	 investigate	 whether	 VASs	 provide	

additional	valid	information	when	the	information	from	the	Likert-type	scale	 is	

already	 accounted	 for.	 This	 extends	 the	 knowledge	 on	 better	 distributional	

properties	and	a	better	level	of	measurement	for	VASs	to	the	area	of	validity	and	

actual	 information	 contained	 in	 the	 measurement	 process.	 Our	 hypothesis	

proposes	 that	 personality	 instruments	 assessed	 via	 VAS-type	 response	 scales	

provide	more	 information	 in	comparison	 to	 the	same	 instruments	assessed	via	

Likert-type	 response	 scales.	 This	 is	 expressed	 in	 additional	 explained	 variance	

when	predicting	the	criteria	age	and	gender.	

	

Method	

The	 experimental	 manipulation	 in	 the	 present	 study	 was	 the	

implementation	 of	 response	 scales	 in	 two	 different	 formats	 for	 the	 measured	

constructs.	Scales	were	presented	in	a	Likert	format	with	five	radio	buttons	or	in	

a	 VAS	 format	 using	 the	 same	 anchors	 and	 same	 item	wording.	 Both	 response	

scales	covered	the	same	width	on-screen.	Examples	of	three	Excitement	Seeking	

items	in	both	response	scale	formats	are	shown	in	Figure	5.	
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Figure	5.	Example	of	items	in	a	VAS-format	(top)	or	Likert-type	format	(bottom).	

	

Recruitment	of	the	sample	was	carried	out	during	a	seminar.	Participating	

students	received	course	credit	and	were	instructed	to	acquire	participants	from	

the	general	population	of	varying	ages.	In	total,	879	participants	were	recruited	

with	 age	 ranging	 from	 14-82	 years	 (M=33,	 SD=14.7).	 Female	 participants	

comprised	61.8%	of	the	sample.	Each	participant	responded	twice	to	each	scale,	

once	in	a	Likert	and	once	in	a	VAS	version.	The	order	of	versions	in	the	within-

subject	 design	was	 counterbalanced.	 Before	 answering	 the	 scales	 for	 a	 second	

time,	 an	 unrelated	 scale	 was	 presented.	 This	 scale	 used	 text	 fields	 as	 the	

response	format,	avoiding	a	possible	confounding	factor	in	the	counterbalanced	

design.	An	overview	of	the	sequence	of	scales	is	shown	in	Figure	6.	

The	 questionnaire	 contained	 the	 Excitement	 Seeking	 subscale	 of	 the	 Big	

Five	 facet	Extraversion	from	the	NEO-PI-R	(Ostendorf	&	Angleitner,	2004).	The	

subscale	consists	of	eight	items.	Furthermore,	Conscientiousness	was	measured	

using	 the	12-item	scale	of	 the	NEO-FFI	(Borkenau	&	Ostendorf,	1993).	The	six-

item	short	version	of	the	NARQ	(Back	et	al.,	2013)	was	implemented	to	measure	

Narcissism.	
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Figure	6.	Flow	chart	of	the	counterbalanced	progression	through	the	questionnaire.	

	

Hierarchical	 linear	 Bayesian	 regression	 and	 Bayesian	 logistic	 regression	

analyses	were	performed	 to	predict	 age	 and	gender	 from	 the	VAS	version	 and	

Likert	version	of	 the	personality	scales.	The	model	 that	 includes	all	Likert-type	

response	 scales	 as	 predictors	 was	 compared	 to	 the	 model	 that	 additionally	

includes	all	VAS-type	scales.	The	comparison	was	evaluated	by	the	Bayes	factor	

comparing	 both	 models,	 using	 evidence	 categorization	 proposed	 by	 Lee	 and	

Wagenmakers	(2013).	

	

Results	

Internal	consistencies	and	intercorrelations	between	the	three	personality	

scales	in	both	response	formats	are	shown	in	Table	1.	Internal	consistencies	and	

intercorrelations	 between	 personality	 constructs	 are	 similar	 for	 both	 types	 of	

response	 scales.	 Measurement	 of	 the	 same	 construct	 via	 different	 response	

scales	 shows	 a	 high	 overlap,	 81.0-86.5%	 of	 shared	 variance	 depending	 on	 the	

construct	measured.			

Means	and	standard	deviations	of	all	constructs	that	were	investigated	did	

not	 show	 significant	 differences	 between	 the	 response	 scale	 versions	 in	 both	

traditional	frequentist	analyses	as	well	as	Bayesian	versions.	

	

	

	

	

	



	18 

Table	1.	Internal	consistencies	and	correlations	of	personality	measures	across	scale	versions.	

	 	 							VAS	 					Likert	

	 	 ES	 C	 Nar	 ES	 C	 Nar	

VAS	

Excitement	Seeking	(ES)	 (.68)	 -.11	 .37	 .94	 -.11	 .36	

Conscientiousness	(C)	 	 (.85)	 -.13	 -.10	 .90	 -.12	

Narcissism	(Nar)	 	 	 (.78)	 .35	 -.13	 .90	

Likert	

Excitement	Seeking	(ES)	 	 	 	 (.67)	 -.11	 .35	

Conscientiousness	(C)	 	 	 	 	 (.82)	 -.15	

Narcissism	(Nar)	 	 	 	 	 	 (.75)	

Note.	Cronbach's	Alpha	in	brackets.	

	

To	examine	the	additional	information	present	in	the	response	on	the	VAS	

in	comparison	to	the	Likert	scale,	a	Bayesian	hierarchical	regression	with	all	six	

measures,	 three	 personality	 measures	 in	 both	 response	 scale	 versions,	 was	

performed.	The	null	model	 included	the	 three	personality	constructs	measured	

via	a	Likert-type	scale;	results	are	shown	in	Table	2.	The	model	that	includes	all	

VAS-type	 scales	 is	 favored	 over	 the	 null	 model	 by	 a	 Bayes	 factor	 of	 29.74,	

providing	 strong	 evidence	 for	 the	 inclusion	 of	 the	 VASs.	 This	 advantage	 stems	

only	 from	the	Excitement	Seeking	VAS-scale,	 as	 for	both	 the	Conscientiousness	

and	Narcissism	scales	the	null	model	including	only	Likert-type	scales	is	favored,	

B10	=	.13	and	.11,	respectively.	The	Excitement	Seeking	VAS-type	scale	accounted	

for	about	2.5%	additional	variance	when	predicting	age.	

	
Table	2.	Hierarchical	Bayesian	regression	of	age	on	Likert	and	VAS	scale	versions.	

Models		 	 BF	10		
Null	model	(including	all	Likert	scales)	 	 	 1.00		

Adding	all	VAS	scales	simultaneously		 	 	 29.74		

Adding	Excitement	Seeking	VAS		 	 	 1318.95		

Adding	Conscientiousness	VAS		 	 	 0.13		

Adding	Narcissism	VAS		 	 	 0.11		
Notes.	BF10	=	Bayes	factor	for	the	model	including	the	variable(s)	over	the	null	model.	
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The	 Bayesian	 logistic	 regressions	 performed	 for	 predicting	 gender	 from	

both	 scale	 versions	 did	 not	 show	 significant	 differences	 between	 the	 response	

scale	versions.	

	

Discussion	

The	 present	 study	 aimed	 at	 investigating	 the	 properties	 of	 VAS-type	

response	 scales	 in	 a	 within-subjects	 design,	 comparing	 them	 to	 the	 more	

traditional	 Likert-type	 scales.	 The	 informational	 value	 of	 both	 scale	 versions	

emerged	as	identical,	with	the	exception	of	Excitement	Seeking.	In	this	case,	the	

prediction	 of	 age	was	 improved	 for	 the	 VAS	 version	 of	 the	 scale	 as	 shown	 by	

traditional	 as	 well	 as	 Bayesian	 regression	 models.	 The	 effect	 size	 was	 small,	

though,	with	only	2.5%	 incremental	variance	explained	out	of	 a	 total	of	28.6%	

explained	variance.	A	possible	explanation	for	this	finding	is	that	it	emerged	for	

the	strongest	original	association,	as	age	and	Excitement	Seeking	had	the	highest	

correlation	in	the	present	sample,	r	=	−.53	to	−.51.	The	results	indicate	that	the	

more	 fine-grained	 responses	 that	 are	possible	 via	VASs	 (Funke	&	Reips,	 2012)	

did	not	 lead	 to	a	better	measurement	 in	most	 cases.	They	did	not	 increase	 the	

error	variance	in	responses	either,	as	shown	by	very	similar	associations	within	

the	scales	as	well	as	with	the	criteria	age	and	gender.	

The	finding	of	equal	SDs	contrasts	with	previous	research	that	found	lower	

SDs	when	implementing	VASs	(Funke	&	Reips,	2012;	Kuhlmann,	Reips,	Wienert,	

&	Lippke,	2016).	A	possible	explanation	for	this	 finding	could	be	the	difference	

between	 the	 assessed	 constructs.	 The	 present	 study	 measured	 personality	

characteristics,	 whereas	 the	 previous	 studies	 investigated	 health-related	

variables	 and	 semantic	 differentials.	 Another	 possible	 explanation	 is	 the	

difference	 in	 design.	 The	 present	 study	 investigated	 both	 response	 scales	 in	 a	

within-subjects	design,	whereas	previous	studies	implemented	between-subjects	

designs.	

The	present	study	is	the	first	to	investigate	Likert-type	and	VAS-type	scales	

in	 a	within-subjects	 design,	 thus	 allowing	 for	 a	 direct	 comparison.	 The	 results	

indicate	that	VAS-	and	Likert-response	scales	provide	identical	information	and	

have	 identical	 distributional	 qualities.	 As	 in	 most	 previous	 research,	 results	
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indicate	 no	 disadvantages	 to	 implementing	 VASs.	 Further	 research	 should	

examine	 other	 personality	 measurements	 and	 validation	 criteria	 to	 examine	

possible	moderator	effects.	
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Bridge	to	third	research	article	

The	 second	 article	 furthered	 the	 understanding	 of	 VASs	 and	 their	

properties,	expanding	previous	findings	with	regard	to	distributional	properties	

and	non-response	by	investigating	the	validity	of	the	contained	information.		

The	third	article	of	the	PhD	thesis	addresses	a	more	recent	development	in	

Internet-based	 assessment,	 i.e.,	 smartphone	 studies.	 Smartphone	 penetration	

rates	 are	 increasing	 around	 the	 globe	 (Accenture,	 2011).	 Mobile	 studies	

naturally	 implement	 VASs	 or	 slider	 scales	 for	 most	 assessments	 (Pokress	 &	

Veiga,	 2013).	 Buskirk	 et	 al.	 (2015)	 found	 that	 users	 prefer	 the	 continuous	

response	 format	 to	 radio	 buttons	 in	 touchscreen	 devices.	 Smartphones	 are	

implemented	 in	 targeted	 interventions	 in	 the	 health	 sciences	 as	 well	 as	

experience	sampling	studies	(He	&	Li,	2013;	Miller,	2012;	Stieger	&	Reips,	2017).	

They	 are	 valuable	 tools	 to	 assess	 self-report	 data	 in	 natural	 settings.	

Furthermore,	 they	 also	 allow	 health	 care	 professionals	 to	 employ	 eHealth	

interventions	on-the-go,	e.g.,	a	mobile	variant	of	the	aftercare	program	described	

in	the	first	article.	Apart	from	the	ability	to	retrieve	and	send	data	from	different	

locations,	a	further	advantage	is	the	assessment	of	objective	sensor	data.	Sensors	

allow	the	researcher	to	gather	additional	information	without	increasing	costs	to	

the	 participant	 (Miller,	 2012).	 This	 can	 be	 used	 for	 medical	 purposes,	 e.g.,	 to	

detect	 falling	 (Yavuz	 et	 al.,	 2010),	 but	 also	 for	 research,	 e.g.,	 by	 gathering	 GPS	

data	to	map	the	environment	during	the	measurement	(MacKerron	&	Mourato,	

2013).		

The	 third	 article	 investigates	 the	 combination	 of	 self-report	 data	 with	

objective	sensor	data.	 In	detail,	 the	article	 reports	on	 two	experience	sampling	

studies	and	connects	data	from	the	gyroscope	sensor,	measuring	the	orientation	

of	 the	 smartphone,	 with	 subjective	 reports	 of	 well-being,	 assessed	 via	 slider	

scales.	The	article	reports	on	two	different	samples	as	well	as	data	gathered	via	

Android	and	iOS	devices.	This	allows	for	a	more	detailed	analysis	of	the	assessed	

data	and	 the	generalizability	of	 results	 increases	across	devices.	Therefore,	 the	

article	 combines	 the	 investigation	 of	 a	 classic	 psychological	 topic,	 posture	 and	

well-being,	with	a	more	methodological	consideration,	the	comparison	of	sensor	

data	from	different	sources,	in	an	experience	sampling	framework.	 	
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Summary	of	third	research	article:	Smartphone	tilt	as	a	measure	

of	well-being?	Evidence	and	obstacles	in	two	experience	

sampling	studies	

Longitudinal	 and	 diary	 studies	 have	 long	 been	 a	 part	 of	 psychology	 and	

other	 social	 sciences	 to	 investigate	 variables	 that	 are	 supposed	 to	 undergo	

frequent	 changes,	 e.g.,	 psychological	 states	 or	 emotions	 (Stone,	 Shiffman,	 &	

DeVries,	 1999).	 Experience	 sampling	 techniques	 allow	 for	 repeated	

measurements	 of	 these	 variables	 in	 daily	 life.	 The	measurement	 in	 experience	

sampling	 designs	 avoids	 typical	 problems	 of	 other	 forms	 of	 assessment,	 e.g.,	

questionnaires,	as	participants	do	not	have	to	retrospectively	access	information	

or	 summarize	 across	 timespans	 or	 situations,	 eliminating	 potential	 biases	

associated	with	 self-reports	 	 (Harari	 et	 al.,	 2016;	 Schwarz	&	Sudman,	2012).	A	

further	advantage	of	experience	sampling,	as	with	any	Internet-based	research,	

(e.g.,	 Reips,	 2000)	 is	 that	 the	 measurement	 takes	 place	 in	 the	 natural	

environment,	 largely	 avoiding	 the	 artificial	 situation	 created	 in	 a	 typical	

experiment	or	questionnaire	study	(Stone	et	al.,	1999).	

Smartphones	 present	 themselves	 as	 a	 very	 powerful	 tool	 for	 researchers	

wanting	to	implement	experience	sampling	studies.	In	contrast	to	previous	diary	

studies,	 participants	 have	 their	 smartphone	 available	 at	 all	 times	 and	 no	

additional	 material	 or	 technology	 has	 to	 be	 adopted.	 Smartphones	 offer	 the	

additional	 availability	 of	 physical	 sensors	 that	 are	 already	 integrated	 and	

accessible	 to	 researchers.	 These	 include,	 among	 others,	 GPS	 data,	 gyroscope	

sensors	 and	 accelerometers.	 Additionally,	 the	 sensors	 can	 be	 used	 to	 identify	

physical	activity		(Brajdic	&	Harle,	2013;	Case	et	al.,	2015)	or	falling	(Yavuz	et	al.,	

2010).	 In	a	study	by	He	and	Li	 	 (He	&	Li,	2013),	 the	orientation	and	gyroscope	

sensors	were	used	to	detect	changes	in	body	posture,	i.e.,	standing,	sitting,	lying,	

and	the	transitions	between	these	positions.	

The	association	between	body	posture	and	the	mood	of	a	person	has	a	long	

history	 in	arts	and	research.	 In	 triumph,	people	are	standing	more	upright	and	

assertive	whereas	when	facing	failure	a	more	slumped	posture	is	taken	(Riskind,	

1984).	 This	 association	 has	 been	 studied	 for	 the	 ratings	 of	 other	 persons	 or	
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models	(Bull,	1978)	as	well	as	in	the	description	of	psychological	disorders,	e.g.,	

depression	(Mendels,	1970).	

In	this	study,	an	association	between	smartphone	tilt	and	the	self-reported	

well-being	 of	 participants	 is	 proposed.	 The	 association	 is	 investigated	 in	 two	

smartphone	studies.	

	

Study	1	-	Method	

The	 first	 study	was	 implemented	 via	 an	Android	 app	developed	with	 the	

MIT	app	Inventor	(Pokress	&	Veiga,	2013).	A	total	of	98	participants	took	part	in	

the	 study	with	 the	 age	 ranging	 from	17	 to	 67	 years	 (M=22.9,	 SD=6.8).	 Female	

participants	comprised	73%	of	the	sample.	The	assessment	took	place	over	three	

weeks,	twice	per	day,	once	in	the	morning	and	once	in	the	evening.	A	trigger,	i.e.,	

ping,	reminding	participants	to	fill	in	the	questionnaire,	was	sent	to	participants	

via	WhatsApp	 or	 text	 message.	 The	 assessment	 consisted	 of	 five	 items	 in	 the	

morning	 and	 five	 items	 in	 the	 evening.	 The	 variable	 of	 interest	 to	 the	 present	

study,	 momentary	 well-being,	 was	 assessed	 both	 times.	 Examples	 of	 the	 app	

screen	are	presented	in	Figure	7.		

	

	
Figure	7.	Screenshot	of	the	app	in	the	morning	(left)	and	evening	(right).	
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Subsequent	to	the	longitudinal	period	an	Internet-based	questionnaire	was	

completed	 by	 participants.	 The	 questionnaire	 included	 sociodemographic	 and	

personality	variables.	

The	 smartphone	 tilt	 was	 measured	 via	 the	 gyroscope	 sensor	 of	 the	

smartphone,	specifically	the	total	tilt.	Total	tilt	combines	pitch	and	roll	into	one	

value	called	magnitude,	which	 ranges	 from	0	 to	1.	A	value	of	 zero	 indicates	no	

tilt,	e.g.,	the	smartphone	lying	on	a	flat	surface.	A	value	of	1	indicates	maximum	

tilt,	e.g.,	the	smartphone	standing	on	one	of	the	four	sides.	The	magnitude	value	

can	be	visualized	as	 the	 force	a	ball	would	be	subjected	 to	when	placed	on	 the	

surface	of	the	phone,	with	0	being	no	movement	and	1	indicating	free	fall.	 	

	

Study	1	-	Results	

Analyses	were	carried	out	implementing	multi-level	models	to	account	for	

the	nested	measurement	points	below	each	participant.	Magnitude	scores	were	

entered	using	the	CWC(M)	approach	(Curran	&	Bauer,	2011).	An	ipsatized	value	

of	 magnitude,	 centered	 against	 the	 person	 mean,	 is	 introduced	 at	 level	 1,	

representing	 within-person	 variation.	 At	 level	 2,	 the	 person	 mean	 centered	

against	 the	 grand	 mean,	 is	 entered,	 representing	 between-person	 effects.	 The	

analysis	for	the	predictors,	separated	for	between-	and	within-subjects	effects,	is	

shown	in	Table	3.	

	
Table	3.	Well-being	scores	as	predicted	by	time	of	measurement	and	smartphone	tilt.	

	 Unstandardized	

estimate	 t(df)	

			Intercept	 		62.5	 -	

Between-subjects	effects	 	  

			Time	of	measurement	 			-0.2	 t(86)=-5.7, p<.001	

			Magnitude	(mean)	 			-6.5	 t(82)=-.84, p=.41	

Within-subjects	effects	 	  

			Time	of	day	(morning/evening)1	 					6.5	 t(3340)=10.1, p<.001	

			Magnitude	(ipsatized)	 			-5.5	 t(3392)=-3.9, p<.001	
Notes.	Range	of	well-being	1-101;	1morning	=	0,	evening	=	1.	
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The	 between-person	 effect	 of	 magnitude	 did	 not	 show	 a	 significant	

association	 with	 well-being	 scores.	 In	 contrast,	 the	 ipsatized	 within	 value	 did	

show	a	significant	effect.	The	more	the	smartphone	was	tilted	in	comparison	to	

the	usual	position	the	participant	holds	the	phone,	the	lower	was	the	well-being	

score.	

	

Study	2	-	Method	

The	second	study	was	implemented	via	a	hybrid	app	programmed	in	Javascript	

and	HTML5.	The	sample	was	therefore	not	restricted	to	Android	users	only	but	

also	included	participants	with	iOS	operating	systems.	Apart	from	this	change	in	

technology	 and	 related	generalizability,	 the	design	was	 similar	 to	 Study	1.	The	

sample	consisted	of	261	participants,	53%	being	female.	Age	ranged	from	16	to	

70	years	(M=25.2,	SD=10.9).	The	study	lasted	three	weeks,	with	measurements	

again	being	performed	twice	a	day,	once	in	the	morning	and	once	in	the	evening.	

A	screenshot	of	the	app	is	shown	in	Figure	8.	

	

	

Figure	8.	Screenshot	of	the	well-being	measurement	(center)	in	the	hybrid	app.	
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Study	2	-	Results	

Prior	 to	 the	analyses,	 values	of	pitch	and	 roll	were	 transformed	 to	match	

the	 data	 from	 Study	 1.	 Otherwise,	 the	 procedure	 was	 equivalent.	 Results	 are	

shown	in	Table	4.	

	
Table	4.	Well-being	scores	as	predicted	by	time	of	measurement	and	smartphone	tilt.	

	 Unstandardized	

estimate	 t(df)	

Intercept	 		63.6	 -	

Between-subjects	effects	 	  

Time	of	measurement	 					0.0	 t(143)=0.27, p=.79	

Magnitude	(mean)	 					2.5	 t(174)=0.31, p=.76	

Within-subjects	effects	 	  

Time	of	day	(morning/evening)	1	 					1.9	 t(4595)=-4.36, p<.001	

Magnitude	(ipsatized)	 			-1.6	 t(4613)=	-1.56, p=.12	
Notes.	Range	of	well-being	1-101;	1morning	=	0,	evening	=	1.	

	

In	 contrast	 to	 Study	 1,	 neither	 the	 between-person	 magnitude	 nor	 the	

ipsatized	magnitude	did	emerge	as	a	 significant	predictor	of	well-being.	As	 the	

present	study	included	two	operating	systems,	and	previous	research	has	shown	

heterogeneities	with	regard	to	sensor	data	(Stisen	et	al,	2015)	and	also	sampling	

effects	based	on	technology	used	(Buchanan	&	Reips,	2001),	the	distributions	of	

the	magnitude	measure	were	compared.	A	Q-Q-plot,	mean	comparison	as	well	as	

Levene's	 test	 for	 homogeneity	 of	 variances	 supported	 the	 hypothesis	 that	

magnitude	values	differed	between	the	operating	systems.	Given	these	possible	

differences	 in	 the	 subsamples,	 the	multi-level	 analysis	was	 calculated	 for	 both	

groups	separately.	Results	are	shown	in	Table	5.	The	results	related	to	Intercept,	

time	 of	measurement	 and	 time	 of	 day	 are	 similar	 for	 both	 operating	 systems.	

However,	 the	 results	 differ	 for	 the	 ipsatized	magnitude.	A	 significant	 effect	 for	

the	 ipsatized	magnitude	was	 shown	 for	 the	Android	users.	 This	 effect	was	not	

present	in	the	iOS	subsample.	
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Table	5.	Well-being	scores	as	predicted	by	time	of	measurement	and	smartphone	tilt	(separate	

by	OS).	

	 Android	 iOS	

	 Estimate	 t(df)	 Estimate	 t(df)	

Intercept	 63.3	 -	 64.8 - 

Between-subjects	effects 	  

Time	of	

measurement	
								0.0	

t(104)=.12, 

p=.91	
												0.0 

t(34.7)=.09, 

p=.93 

Magnitude	(mean)	 								5.9	
t(123)=.63, 

p=.53	
								-10.2 

t(49.5)=-.69, 

p=.49 

Within-subjects	effects 	  

Time	of	day	

(morning/evening)	
								1.8	

t(3395)=-3.49, 

p<.001	
												2.4 

t(1195)=-2.60, 

p=.009 

Magnitude	

(ipsatized)	
						-2.6	

t(3389)=-2.20, 

p=.03 
												0.8 

t(1221)=	0.43, 

p=.67 

Notes.	Range	of	well-being	1-101;	1morning	=	0,	evening	=	1.	

	

Discussion	

Study	1	has	shown	a	significant	within-person	association,	 indicating	 that	

the	 more	 the	 smartphone	 was	 tilted	 in	 comparison	 to	 its	 mean	 position,	 the	

lower	 the	 subjective	 well-being	 of	 the	 participant.	 A	 replication	 of	 this	 effect	

could	 not	 be	 shown	 for	 the	 full	 sample	 of	 Study	 2,	 although	 the	 effect	 did	

replicate,	to	a	smaller	degree,	when	only	Android	users	were	analyzed.	

The	pattern	of	 results	provides	 some	 limited	evidence	 for	 the	association	

between	 smartphone	 tilt	 and	 well-being.	 One	 possible	 explanation	 for	 the	

findings	 could	 be	 the	 heterogeneity	 of	 objective	 measures	 with	 regards	 to	

operating	system	as	well	as	smartphone	model.	Differences	between	devices	and	

operating	 systems	 have	 already	 been	 proposed	 for	 the	 accelerometer	 sensor	

(Blunck	et	al.,	2013;	Stisen	et	al.,	2015),	with	deviations	in	acceleration	readings	
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reaching	 differences	 between	 standing	 still	 and	 public	 transportation	 in	 some	

cases.	

Another	possible	explanation	for	the	differing	results	in	the	current	study	is	

based	on	the	theoretical	association	itself.	The	association	relies	on	two	different	

mechanisms,	 the	 link	 between	 well-being	 and	 posture	 as	 well	 as	 the	 link	

between	 posture	 and	 the	 sensor	 data.	 Both	 of	 these	 associations	 are	 not	 very	

strong,	 especially	 in	 field	 settings,	where	 a	multitude	 of	 influences	 are	 at	 play	

(Wrzus	&	Mehl,	2015).	

Smartphone	sensors	are	definitely	a	valuable	tool	to	be	taken	advantage	of	

by	researchers.	However,	the	current	article	highlights	a	few	obstacles	that	have	

to	 be	 considered.	 In	 general,	 software	 for	 app	 development	 is	 not	 geared	

towards	 research	 but	 general	 app	 development.	 This	 results	 in	 possible	

deviations	 from	 scientific	 standards,	 e.g.,	 concerning	 data	 manipulation	 and	

reliability.	 Furthermore,	 objective	 sensors	 promise	 perfect	 measurement.	

However,	 this	does	not	guarantee	perfect	measurement	of	 the	 construct	under	

investigation.	The	operationalization	of	the	variables	is	of	crucial	importance,	as	

the	sensors	merely	represent	a	proxy	of	 the	actual	variable	of	 interest.	Further	

research	 is	 needed	 to	 more	 closely	 link	 smartphone	 sensors	 with	 behavioral	

phenomena	 and	 also	 investigate	 possible	 heterogeneities	 that	 might	 hinder	

reliable	measurement.	 	
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General	Discussion	

The	three	articles	included	in	the	PhD	thesis	provide	valuable	insight	into	

the	area	of	 Internet-based	measurement.	More	 specifically,	 this	pertains	 to	 the	

amount	of	valid	data	that	researchers	and	practitioners	are	able	to	assess.		

The	first	article	has	shown	advantages	when	researchers	implement	visual	

analogue	scales	rather	than	Likert-type	scales	with	regard	to	non-response.	The	

small	 change	 of	 altering	 the	 response	 format	 did	 cause	 a	 significantly	 lower	

dropout	in	the	VAS	condition.	This	allowed	to	gather	more	data	and	provided	the	

participants	with	an	intervention	that	is	beneficial	for	the	health	and	well-being	

(Reinwand	 et	 al.,	 2016;	 Wienert	 &	 Kuhlmann,	 2015).	 The	 alteration	 of	 the	

response	format	did	not	result	 in	negative	consequences	in	other	areas,	e.g.,	no	

difference	 in	 means	 or	 distributional	 values.	 On	 the	 contrary,	 lower	 standard	

deviations	 for	 some	 scale	 values,	 leading	 to	 lower	 standard	 errors,	 were	

observed.	 Lower	 errors	 improve	 the	 power	 of	 subsequent	 analyses	 (Cohen,	

1992).	

The	 second	 article	 established	 measurement	 equivalence	 in	 terms	 of	

validity	between	VASs	and	Likert-type	scales.	The	 information	contained	when	

data	 is	 gathered	 via	 VASs	 is	 similar	 in	 most	 cases	 to	 the	 Likert-type	 format,	

resulting	 in	 equal	 amounts	 of	 explained	 variance	when	 highly	 reliable	 criteria	

like	 age	 and	 gender	 are	 predicted.	 The	 only	 exception	 was	 observed	 for	 the	

Excitement	 Seeking	 scale,	 where	 responses	 gathered	 via	 VASs	 have	 more	

informational	value	 than	responses	on	Likert-type	scales.	As	 in	 the	 first	article,	

there	 was	 no	 difference	 in	 mean	 values	 observed.	 In	 contrast	 to	 previous	

findings	(Funke	&	Reips,	2012;	Kuhlmann	et	al.,	2016),	standard	deviations	were	

also	equal	across	response	scales.	

The	 third	article	 investigated	 the	use	of	 objective	 sensors	 in	 combination	

with	 self-report	 data	 in	 experience	 sampling	 studies.	 Results	 suggest	 a	 link	

between	 the	 tilt	of	 the	Smartphone	and	self-reported	well-being.	The	more	 the	

smartphone	was	tilted	at	the	time	of	measurement,	the	lower	the	reported	well-

being.	However,	this	connection	could	only	be	replicated	for	Android	users	and	

was	 not	 present	 when	 analyzing	 the	 same	 data	 from	 iOS	 devices	 and	 users.	

Distributional	analyses	revealed	an	impact	of	OS	as	well	as	the	tool	used	for	data	
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gathering	 on	 the	 resulting	 tilt-measurements.	 This	 suggests	 heterogeneity	

between	 smartphones	 as	 a	 potential	 cause	 of	 the	 differences	 as	 opposed	 to	

differences	between	Android	and	iOS	users.	

Contribution	to	knowledge	

The	methods	implemented	when	conducting	Internet-based	research	have	

a	profound	impact	on	the	data,	possible	analyses,	as	well	as	conclusions	drawn.	

The	present	PhD	thesis	provides	valuable	insights	and	assistance	for	researchers	

and	practitioners	looking	for	advice	on	which	instruments	to	implement	in	their	

research	designs	and	 their	 impact	on	 the	obtained	 results.	Previous	 results	 for	

VASs	were	mostly	 replicated,	with	 equal	or	 improved	distributional	properties	

shown	to	be	present	in	comparison	to	Likert-type	scales		(Funke	&	Reips,	2012;	

Reips	 &	 Funke,	 2008).	 With	 increasing	 doubts	 about	 the	 replicability	 in	

psychology	 and	 other	 areas,	 this	 finding	 is	 already	 important	 (Open	 Science	

Collaboration,	2015).		

Advantages	 were	 shown	 with	 regard	 to	 non-response,	 an	 expansion	 of	

previous	 knowledge	 and	 results,	 which	 were	 heterogeneous	 or	 inconclusive	

(Couper	 et	 al.,	 2006;	Funke	&	Reips,	 2012).	This	 is	 especially	 important	 as	 the	

comparison	 took	 place	 in	 an	 applied	 context	 in	 eHealth	where	 dropout	 is	 not	

only	 important	 to	 data	 gathered	 but	 also	 has	 a	 very	 profound	 impact	 on	 the	

health	 of	 participants.	 Lifestyle	 interventions	 aim	 at	 improving	 health	 related	

behaviors	and	have	been	shown	to	be	effective	(Krebs,	Prochaska,	&	Rossi,	2010;	

Lustria	 et	 al.,	 2013).	 Less	 dropout	 is	 equivalent	 to	 more	 people	 receiving	 an	

effective	intervention	to	improve	their	health	and	quality	of	life.	

The	present	PhD	thesis	establishes	VASs	as	a	low	impact	alteration	with	no	

disadvantages	 that	may	be	used	 to	achieve	 this	goal.	Both	 the	 first	 and	 second	

article	 established	 that	 there	 are	 no	 disadvantages	 associated	 with	 their	

implementation.	On	the	contrary,	the	second	article	provides	some	evidence	that	

data	 gathered	 via	 VASs	 contains	more	 valid	 information	 in	 some	 cases.	 These	

findings	expand	on	previous	research	investigating	the	scale	properties	in	more	

basic	 tasks	 and	 in	different	 environments	 (Couper	 et	 al.,	 2006;	Reips	&	Funke,	

2008).	With	regard	to	non-response,	the	PhD	thesis	provides	more	evidence	for	

advantages	of	VASs.	Reservations	towards	their	 implementation	on	usability	or	



	31 

motivation	 are	 largely	 alleviated,	 as	 the	 response	 scale	 performed	 equal	 to	 or	

better	than	traditional	Likert-type	scales	in	a	wide	age	range	and	across	different	

contexts,	i.e.,	lifestyle	intervention	for	cardiac	patients	as	well	as	Internet-based	

questionnaires.	 The	 generalizability	 of	 the	 findings	 is	 strengthened	 by	 the	

diverse	and	large	samples	recruited	for	the	studies.	

The	 third	 article	 is	 more	 exploratory	 in	 nature	 as	 not	 much	 previous	

research	was	conducted	specifically	linking	gyroscope	or	other	sensor	data	with	

well-being.	The	reported	studies	show	the	feasibility	of	data	collection	as	well	as	

first	indications	towards	the	validity	of	the	data	for	psychological	constructs.	In	

addition,	the	analysis	of	the	sensor	data	from	different	apps	and	devices	provides	

valuable	insights	into	possible	heterogeneities	that	result	from	technical	and	not	

person	 variation	 (Blunck	 et	 al.,	 2013).	 This	 is	 an	 important	 finding	 that	 future	

investigations	can	build	upon.	

The	 results	 of	 the	 studies	 are	 also	 evidence	 of	 the	 proposition	 that	

theoretical	 advantages	 and	 promises	 associated	 with	 new	 technologies	 and	

methods	have	to	be	verified	by	empirical	research.	This	holds	true	for	response	

scales	 as	 well	 as	 objective	 sensor	 data	 from	 smartphones.	 Some	 of	 the	

advantages	that	were	theoretically	proposed	for	VASs	could	not	be	proven	in	the	

applied	setting	of	personality	scales,	despite	a	big	sample	size	and	high	power.	

There	are	a	number	of	possible	reasons	for	null	findings	related	to	informational	

advantages	 of	 VASs.	 One	 of	 the	 discussion	 points	 in	 the	 article,	 the	 fact	 that	

informational	 advantage	 may	 be	 dependent	 on	 the	 type	 of	 construct	 that	 is	

assessed,	 can	 be	 expanded.	 The	 assessment	 process	 is	 always	 dependent	 on	 a	

number	 of	 factors,	 of	 which	 the	 actual	 true	 underlying	 value	 is	 only	 one.	 The	

response	process	is	also	influenced	by	the	accessibility	of	the	information	to	the	

participant	and	a	number	of	environmental	and	context	factors	(Nye	et	al.,	2010;	

Schwarz,	 1999).	 This	 renders	 the	 evaluation	 of	 the	 current	 findings	 more	

complex,	 as	 there	 are	 a	 number	 of	 factors	 that	 are	 potential	 causes	 for	 the	

results.	 It	 is	 not	 yet	 fully	 understood	 where	 in	 the	 chain	 from	 theoretical	

advantage	 to	 the	 findings	 in	 the	 applied	 setting	 the	 cause	 is	 located.	 Further	

research	is	needed	to	explore	this	in	more	detail.	

The	validation	of	new	techniques	and	their	possible	side	effects	remains	an	

important	 endeavor,	 especially	 with	 the	 more	 rapid	 development	 of	 new	
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technologies.	 The	 present	 PhD	 thesis	 highlights	 this,	 as	 effects	 of	 the	

implementation	 of	 new	 technologies	 were	 shown	 in	 a	multitude	 of	 areas	 that	

probably	were	not	the	focus	initially.	Effects	of	VASs	on	non-response	or	the	OS-

dependence	of	objective	sensor	data	are	two	examples.	

In	 terms	 of	 implementation	 of	 VASs	 and	 smartphone	 sensors	 overall,	 the	

current	PhD	thesis	does	not	provide	any	evidence	against	 it.	To	 the	contrary,	a	

number	 of	 possible	 upsides	 have	 been	 shown.	 However,	 the	 thesis	 does	 point	

towards	certain	caveats	that	have	to	be	addressed.		

	

Directions	for	future	research	

The	PhD	thesis	offers	valuable	insights	associated	with	the	implementation	

of	 different	 response	 scales	 and	 objective	 sensors.	 There	 are	 also	 a	 lot	 of	 new	

research	 opportunities	 arising	 from	 the	 results.	 Dropout	 rates	 across	 longer	

timespans	are	one	of	the	keys	issues.	Due	to	a	technical	error	the	comparison	of	

the	 two	 response	 scale	 groups	 across	 sessions	 was	 not	 possible	 in	 the	 first	

article.	 This	 leaves	 the	 question	 of	 generalizability	 across	 timespans	

unanswered.	 As	 many	 interventions	 in	 the	 eHealth	 context	 employ	 a	 multi-

session	 approach,	 it	 is	 crucial	 to	 investigate	 the	 robustness	 of	 the	 effect	 for	

longer	timespans	(Eysenbach,	2005).	

Future	 research	on	 the	validity	and	 informational	 content	of	VASs	should	

include	different	constructs	and	also	include	other	measures	of	validity.	Typical	

studies	do	not	employ	age	or	gender	as	dependent	variables,	other	measures	to	

assess	criterion	validity	are	therefore	needed.	These	could	include	behavioral	or	

observational	data,	but	also	achievement	 tests	or	 self-report	measures	without	

methodological	overlap	with	 the	predictors.	The	variables	 in	 the	second	article	

were	chosen	due	to	their	highly	reliable	nature,	not	based	on	supposed	external	

validity.	

The	third	article,	investigating	the	association	between	smartphone	tilt	and	

well-being,	might	be	seen	as	a	feasibility	study.	Previous	research	has	shown	the	

ability	 to	 assess	 posture	with	 the	 help	 of	 smartphone	 sensors,	 but	 not	 for	 the	

subtle	differences	that	are	used	by	humans	to	judge	well-being	(Bull,	1978;	Case	

et	al.,	2015;	Yavuz	et	al.,	2010).	Future	studies	are	therefore	needed	to	ascertain	
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the	 connection	 between	 posture	 and	 tilt,	 preferably	 in	 experimental	 or	

observational	studies.	The	presumed	connection	between	a	slumped	posture	and	

sensor	 data	 could	 be	 validated	 in	 a	 stringent	 fashion	 with	 those	

operationalizations.	

Furthermore,	 basic	 research	 into	 the	 accuracy	 and	 reliability	 of	 tilt	

measures	across	different	devices	 and	 software	versions	 is	needed.	The	article	

suggests	 differences,	 but	 post	 hoc	 distributional	 analyses	 are	 no	definite	 proof	

and	 the	magnitude	of	 the	differences	cannot	be	determined.	Future	research	 is	

needed	to	clarify	these	heterogeneities	with	regard	to	these	specific	measures.	

	

Conclusion	

Technological	 advancements	 provide	 valuable	 opportunities	 to	 social	

scientists.	 VASs	 are	 increasingly	 established	 as	 superior	 response	 scales	 to	 be	

implemented	 in	 Internet-based	 questionnaires	 in	 comparison	 to	 Likert-type	

scales.	 This	 PhD	 thesis	 shows	 this	 for	 eHealth	 settings	 as	 well	 as	 personality	

assessment.	 They	 have	 shown	 better	 qualities	 than	 Likert-type	 scales	 in	 the	

areas	 of	 non-response	 and	 distributional	 properties.	With	 regard	 to	 contained	

information,	no	disadvantage	to	more	traditional	measurement	was	shown,	with	

possible	 advantages	 for	 some	 constructs.	 Overall,	 based	 on	 the	 presented	

research,	their	implementation	in	research	and	practice	is	further	strengthened	

by	the	current	thesis.	The	same	point	can	be	made	for	smartphone	sensors.	Their	

implementation	 as	 an	 additional	 source	 of	 information	 in	 experience	 sampling	

studies	 does	 appear	 promising	 based	 on	 the	 presented	 article.	 The	 thesis	 also	

offers	valuable	 insights	to	consider	before	conducting	a	study	as	well	as	before	

data	analysis,	namely	the	validity	of	the	sensor	as	a	proxy	for	behavior	as	well	as	

the	heterogeneity	of	sensor	data.	Future	research	needs	to	investigate	the	tools	

further.	 The	 state	 of	 knowledge	 at	 the	 present	 time,	 taking	 the	 contributions	

from	 the	 current	 thesis	 into	 account,	 suggests	 advantages	when	 implementing	

the	aforementioned	methods,	especially	if	the	presented	caveats	are	considered.	



	34 

The	PhD	thesis	as	part	of	the	research	profile	

The	current	PhD	thesis	is	part	of	the	wider	area	of	research	topics	pursued	

during	 the	 time	 that	 this	work	was	 conducted.	One	 area	was	 the	development	

and	 investigation	of	an	eHealth	aftercare	program	aimed	at	 improving	physical	

activity	 and	 diet	 in	 cardiovascular	 patients	 (Reinwand	 et	 al.,	 2013).	 Effective	

parts	 and	 mechanisms	 of	 the	 aftercare	 program	 as	 well	 as	 moderators	 of	

outcomes	were	investigated	(Reinwand	et	al.,	2016;	Storm	et	al.,	2016a;	Storm	et	

al.,	 2016b).	 Furthermore,	 studies	 on	 the	 association	 between	 subjective	 age,	

stages	 of	 change	 and	 behavioral	 intentions	 were	 conducted	 (Lippke,	 Wienert,	

Kuhlmann,	 Fink,	 &	 Hambrecht,	 2015;	 Wienert,	 Kuhlmann,	 &	 Lippke,	 2015;	

Wienert,	Kuhlmann,	Fink,	Hambrecht,	&	Lippke,	2017;	Wienert,	Kuhlmann,	Fink,	

Hambrecht,	 &	 Lippke,	 2016).	 A	 review	 of	 the	 implementation	 of	 modern	

technologies	 in	 health	 promotion	 programs	 (Lippke	 &	 Kuhlmann,	 2013)	 and	

theoretical	considerations	 for	 the	 tailoring	of	eHealth	 interventions	(Wienert	&	

Kuhlmann,	2015)	was	also	part	of	this	area.	

Another	 area	 of	 interest	 was	 the	 replicability	 of	 research	 results.	 In	

collaboration	 with	 Stefan	 Stieger,	 this	 work	 was	 part	 of	 a	 project	 by	 the	 OSF	

(http://osf.io),	 investigating	 the	 replicability	 of	 about	 100	 published	 studies	

(Open	Science	Collaboration,	2015).	

In	collaboration	with	Stefan	Stieger	a	cross-cultural	project	on	personality	

characteristics	 and	 tattooing	 behavior	 was	 carried	 out	 (Swami	 et	 al.,	 2015;	

Swami	et	al.,	2016).	The	leading	role	of	the	project	was	located	in	the	UK	at	the	

University	 of	 Westminster.	 Further	 collaborators	 were	 at	 the	 University	 of	

Vienna.	 The	 project	 involved	 the	 implementation	 of	 Internet-based	

questionnaires,	assistance	in	data	analysis	and	manuscript	preparation.	 	



	35 

Zusammenfassung	

Die	vorliegende	Dissertation	behandelt	den	Bereich	der	 internetbasierten	

Forschung;	 im	Speziellen	befasst	sie	sich	mit	der	Erfassung	mittels	Fragebögen	

und	Smartphones.	Die	Dissertation	untersucht	den	Einfluss	 von	Antwortskalen	

und	 objektiven	 Smartphone-Sensordaten	 auf	 den	 Prozess	 der	 Datensammlung	

und	 die	 Datenqualität.	 Internet-basierte	 Fragebögen	 und	 Tests	 sind	 in	 der	

Psychologie	und	anderen	Sozialwissenschaften	zunehmend	verbreitet	(Krantz	&	

Reips,	2017;	Wolfe,	2017).	Es	 ist	daher	wichtig,	dass	WissenschaftlerInnen	und	

praktisch	 Arbeitende	 Entscheidungen	 bzgl.	 ihres	 Forschungsdesigns	 und	

Prozesses	der	Datensammlung	auf	Basis	solider	empirischer	Ergebnisse	treffen.	

Der	 erste	 Artikel	 verglich	 zwei	 Arten	 von	 Antwortskalen,	 visuelle	

Analogskalen	 (VAS)	 und	 Likert-Skalen,	 in	 Bezug	 auf	 Nichtbeantwortung.	 Die	

Ergebnisse	 zeigten	 einen	 positiven	 Effekt	 von	 VAS	 zur	 Verringerung	 von	

Dropout.	 Der	 zweite	 Artikel	 untersuchte	 die	 Validität	 der	Messung,	wiederum	

anhand	 eines	 Vergleichs	 von	VAS	 und	 Likert-Skalen.	 Die	 Ergebnisse	 indizieren	

im	Allgemeinen	Messäquivalenz	der	beiden	Antwortskalen,	vereinzelte	Evidenz	

spricht	 für	 bessere	Messeigenschaften	 bei	 VAS.	 Der	dritte	 Artikel	 untersuchte	

die	 Validität	 von	 objektiven	 Sensordaten	 in	 experience	 sampling-Designs.	 Die	

Verknüpfung	von	subjektivem	Wohlbefinden	mit	der	Neigung	des	Smartphones	

wurde	 in	 zwei	 unabhängigen	 Stichproben	 untersucht.	 Die	 Ergebnisse	 lieferten	

Evidenz	für	die	Smartphone-Neigung	als	Indikator	für	Wohlbefinden.	Zusätzlich	

werden	 potentielle	 Fehler	 und	 Probleme	 bei	 der	 Implementierung	 von	

objektiven	 Sensordaten	 diskutiert,	 speziell	 wenn	 verschiedene	 Software	 und	

Betriebssysteme	genutzt	werden.	

Zusammenfassend	 bietet	 die	 Dissertation	wertvolle	 Erkenntnisse	 für	 den	

Bereich	 der	 internetbasierten	 Messung.	 Die	 überlegene	 Position	 der	 VAS	 als	

Antwortskala	 wurde	 gestärkt.	 Die	 Vorteile	 gegenüber	 traditionellen	 Likert-

Skalen,	 z.B.	 bessere	 Verteilungseigenschaften	 und	 validere	 Informationen,	

wurden	bestätigt	und	keine	Nachteile	gezeigt.	Smartphone-Sensordaten	wurden	

als	 Weg	 aufgezeigt,	 um	 Messung	 mittels	 Selbstauskunft	 zu	 validieren,	 wenn	

wichtige	 Probleme	 in	 Bezug	 auf	 Unterschiede	 in	 den	 Daten	 identifiziert	 und	

behoben	werden.	 	
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Abstract
Background: Visual analogue scales (VASs) have been shown to be valid measurement instruments and a better alternative to
Likert-type scales in Internet-based research, both empirically and theoretically [1,2]. Upsides include more differentiated
responses, better measurement level, and less error. Their feasibility and properties in the context of eHealth, however, have not
been examined so far.
Objective: The present study examined VASs in the context of a lifestyle study conducted online, measuring the impact of
VASs on distributional properties and non-response.
Method: A sample of 446 participants with a mean age of 52.4 years (standard deviation (SD) = 12.1) took part in the study.
The study was carried out as a randomized controlled trial, aimed at supporting participants over 8 weeks with an additional
follow-up measurement. In addition to the randomized questionnaire, participants were further randomly assigned to either a
Likert-type or VAS response scale version of the measures.
Results: Results showed that SDs were lower for items answered via VASs, 2P (Y ≥ 47 | n=55, P=.5) < .001. Means did not
differ across versions. Participants in the VAS version showed lower dropout rates than participants in the Likert version, odds
ratio = 0.75, 90% CI (0.58-0.98), P=.04. Number of missing values did not differ between questionnaire versions.
Conclusions: The VAS is shown to be a valid instrument in the eHealth context, offering advantages over Likert-type scales.
The results of the study provide further support for the use of VASs in Internet-based research, extending the scope to senior
samples in the health context.
Trial Registration: Clinicaltrials.gov NCT01909349; https://clinicaltrials.gov/ct2/show/NCT01909349 (Archived by WebCite
at http://www.webcitation.org/6h88sLw2Y)

(J Med Internet Res 2016;18(6):e126)   doi:10.2196/jmir.5271
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Introduction
Internet- and eHealth-Based Health Promotion
Internet-based health promotion targeting health behavior
change is a promising approach for health behavior change and
aftercare programs [3]. It offers a number of advantages over
traditional health promotion methods, most notably, the
possibility of taking part anywhere at any time, as long as an
Internet-connected device is available. Furthermore, it offers
the possibility of tailoring the health promotion to the specific
users. Tailored content and feedback can be presented based on
demographic characteristics such as gender and age and also
based on answers to items presented during the health promotion
period or previously assessed behavioral outcomes. Such
personalization has been shown to increase the effectiveness of
health promotion [3,4]. Initiatives of eHealth may also help in
increasing the cost-effectiveness of health care programs, as
their running costs are comparably low. The field of
Internet-based health promotion is in its early stages and thus,
guidelines for designing such programs optimally are sparse.
This is of crucial importance because the development of
eHealth programs is time consuming and the outcome, for
example, less mortality due to a healthier lifestyle, of high value
[5].

Dropout has been discussed as a frequent phenomenon in the
literature on Internet research (eg, [6,7]). Musch and Reips
found in an early meta-analysis that median dropout is at 35%
[8]. Reips [9] lists several factors that may influence dropout
by participants in Internet-based research: incentives, placement
of demographic questions (early means less dropout), technology
used (server-side programming reduces dropout), attractive
website design, trustworthiness of website, offering feedback,
information about duration and progress, and so forth.
Eysenbach writes “… factors, for example, expectation
management before the trial or ‘push factors’ such as reminders
by the study team, influence the shape and slope (steepness) of
the attrition curve.” (p.4) [6].

The possibility for participants to drop out at any time during
Internet-based studies also translates to tailored eHealth
programs. The implications are potentially more serious,
however. Dropout in a tailored eHealth and online health
promotion program not only means missing data for the
researcher but also a less effective treatment for the participant.
In general, eHealth aims at lifestyle changes to increase the
health and lower the risk factors for participants who oftentimes
are already at high risk. Dropping out of the program lowers
the chances of behavior change and can therefore have serious
consequences for the individuals’ health and may sometimes
lead to more complications and even an earlier death.

Measures to avoid, reduce, control, or use dropout [9,10] such
as the seriousness check, warm-up, and high hurdle techniques
to identify participants who just want to take a look out of
curiosity (Eysenbach consequentially writes about a “curiosity
plateau”, p.4 [6]) are even more important in eHealth programs
compared with Internet research. This is especially true because
dropout is often higher for subgroups with an increased risk for
adverse health events. These are participants with the highest

possible gain from adhering to the guidelines and suggestions
of the program [11]. Furthermore, missing data have severe
implications for eHealth as well. Tailoring of the health
promotion program is dependent on the data provided by
participants. Non-response to certain variables therefore results
in fewer tailoring opportunities, thus potentially lowering the
effectiveness of the whole program [5].

Visual Analogue Scales
When designing an online questionnaire, the question of how
to design items and which answer options to present is always
an issue. In the case of measuring the degree of agreement to a
statement, the answer options are traditionally often presented
in a Likert-type scale format. On these scales, participants have
the option to distinguish between a discrete set of answer options
to indicate their agreement. They are widely implemented in
questionnaires within the medical and social sciences, for
example, when measuring subjective health, personality,
intentions, or expectancies. Typically, the response to an item
is indicated in 5 to 7 gradations ranging from “strongly disagree”
to “strongly agree.” An alternative to Likert-type scales with
radio buttons are visual analogue scales (VASs). VASs are
rating scales in a continuous graphical format. Instead of
clicking on a radio button to indicate the amount of agreement
to a statement, participants click anywhere on a continuous line
that stretches between the 2 anchors.

These scales offer a number of advantages over Likert-type
scales with regard to psychometric properties and data analyses.
They were first described by Hayes and Patterson [12]. A
theoretical advantage over discrete scales, such as radio button
scales, often used on the Internet is that answers are not
restricted to a certain number of response options, but rather,
very fine gradations can be measured. In computer- and
Internet-based assessment, each pixel in length of a VAS
corresponds to a possible value [2]. Data collected with VASs
offer more options for statistical procedures than data collected
with categorical scales, for example, transformations, recoding
of scores, and more power for goodness-of-fit-tests. Mean
ratings for assessed scales have been shown to be equal when
comparing the value received from VASs to the one gathered
via other answer scales in paper-based studies [13] and
Internet-based studies [1].

In a paper-based study, Myles et al [14] and Myles and Urquhart
[15] found that data from VASs form a linear scale when
assessing mild-to-moderate pain intensity. Furthermore, equal
changes in intensity corresponded to equal differences in length
on VASs. Reips and Funke [2] found that in Web questionnaire
items, VASs fulfill the requirements of measurement on the
level of an interval scale. Therefore, differences between ratings
on VASs can be interpreted in a meaningful way, and the
prerequisites for many statistical procedures are met. Reips and
Funke [2] also examined whether the length of the presented
VAS had an influence on the quality of the data provided. They
investigated 3 different lengths: 50, 200, and 800 pixels. Despite
small differences between the different length versions of the
scale, all 3 versions provided very similar data of high quality.
Hayes et al [16] described the possibility of general VASs to
maximize the discrimination between neighboring categories

J Med Internet Res 2016 | vol. 18 | iss. 6 | e126 | p.2http://www.jmir.org/2016/6/e126/
(page number not for citation purposes)

Kuhlmann et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX 42



and possibly produce less compressed answers at the extremes
depending on the anchors used.

Visual Analogue Scales and Missing Data
The impact of VASs on dropout and missing values differs
between studies. Couper et al [17] reported a higher dropout in
VAS questionnaires (8.2%) in comparison to questionnaires
with radio button scales (4.4%). Frequency of missing values
was also higher in the VAS questionnaire version: 6.7% as
compared with 1% in radio button scales. They note, however,
that these differences are confounded by the use of Java applets
in the VAS questionnaire version, which resulted in longer
loading times and could have caused technical difficulties. Funke
and Reips [1] found no difference with regard to item
non-response in their study on semantic differentials, comparing
VASs and 5-point Likert scales. In fact, they observed a trend
toward more complete responding for the VAS questionnaire
version.

Tucker-Seeley [18] conducted a Web-based experiment on
students in grades 4 to 12, where the students had to answer the
same question in a Likert or VAS format. The results showed
that 71.4% of participants preferred to answer questions in a
VAS format. Furthermore, in the VAS questionnaire version,
76% of respondents indicated that they felt they could pick an
answer that matched exactly the way they felt, compared with
only 51% in the Likert questionnaire version. Given the
influence of motivational factors on dropout [19,20], these
findings also suggest a possible positive influence of the format
on non-response.

Research Questions and Hypotheses
The main goal of this study was to investigate VASs in the
applied context of an eHealth program. We replicated previous
research, and expected to find lower standard deviations (SDs)
in the VAS questionnaire version [1] but no difference in means
between VASs and other scales [1,17]. Furthermore, we
hypothesized that the use of VAS would reduce dropout and
missing values in comparison to the Likert questionnaire version.
Although some research showed the opposite effect [17], more
recent studies have found a trend toward less missing data [1].
We argue that the progression in technology has widely
eliminated technical difficulties when using VASs, and
therefore, a main effect on less dropout and missing data
remains, even with (older) cardiac patients who otherwise may
not be routinely confronted with computerized VASs.

Methods
Likert vs Visual Analogue Scales
The experimental manipulation of the present study was the use
of either Likert-type scales or VAS scales in the questionnaire
at the beginning of the study. The 7-point Likert scale ranged
from “Strongly Disagree” to “Strongly Agree,” and answers
were indicated via radio buttons. The VAS used the same labels,
but a continuous answer scale was presented instead of radio
buttons. Both scales were displayed in approximately the same
length on the screen, and the number of items per page was
identical in both the questionnaire versions. An example item
from the Likert scale and VAS scale formats is shown in Figure
1. The manipulation was applied to all items that measured a
degree of agreement to a statement. Items with assumed discrete
answer options, for example, stages of change, were excluded
from the manipulation.

Characteristics of the eHealth Study
The eHealth program was developed as an aftercare program
for cardiac rehabilitation patients. The aim of this program was
to provide support for participants in maintaining behaviors
learned during cardiac rehabilitation, namely physical activity
and a healthy diet. A detailed description of the health promotion
program is published in a study protocol [21]. Results
investigating the effectiveness of the program were published
by Storm et al [22] and Reinwand et al [23]. The program was
implemented via a university-external provider of solutions for
Internet-based tailored programs. It lasted 8 weeks and took
place immediately after the rehabilitation period.The program
consisted of an extensive questionnaire at the beginning and
end of the period, where behavioral data, social-cognitive
variables, and sociodemographic data were assessed. The
program was comprised of 8 weekly sessions consisting of
different behavior change techniques [21,24]. Depending on
indications in the questionnaire and behavioral data during the
program, the content was tailored to each participant. Each
session was designed to take about 20 minutes to complete.
Participants did not have to log in at a specific time but were
able to participate when it suited their schedule during the week.
Weekly email reminders were sent to every participant (but see
'Dropout across sessions' below.)
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Figure 1. Example item from the questionnaire in VAS and Likert formats.

Procedure
'Recruitment for the study took place at 9 cardiac rehabilitation
centers in Northern Germany, via local newspaper articles,
research agency online panels and information on Jacobs
University’s homepage. Participants interested in joining the
eHealth study were asked to create an account on the external
provider’s homepage. Creating an account led directly to the
baseline questionnaire (t1), followed by the first session. Owing
to the expected health benefits of the study, as well as providing
the control group with an incentive to provide data directly after
rehabilitation and after 8 weeks, we decided to make use of a
randomized controlled trial (RCT; ClinicalTrials.gov registration
number NCT01909349) design with a no-program group (NPG).
Participants were randomly assigned to either the program group
(PG) or the group that was only asked to fill in the questionnaire
(NPG). The study design and the current data, which were
analyzed to answer our research questions, are displayed in
Figure 2.

In both the groups, participants received questionnaire items
either in a 7-point Likert-scale answer format or in a VAS
format. This factor was randomly assigned between subjects,
with each participant only receiving Likert- or VAS-formatted
items. Figure 2 shows the randomization process and flow of
participants. The questionnaire at t1 was the same for the PG
and NPG, where the content changed only after the end of the
questionnaire. PG participants started with the first session,
whereas the NPG received the information that their program
would continue 8 weeks later. Six important items for the
tailoring were designed as forced choice. However, we designed
all other items so they could be skipped without answering
because the forced choice format is to be avoided in
Internet-based questionnaires for methodological reasons
[25,26]. The forced choice items asked for the gender and for
a nickname to be chosen for the program. Furthermore, answers
were required for 4 items assessing self-efficacy and stages of
change.

Figure 2. Randomization of participants to groups and response scale versions. NPG: no-program group, PG: program group.

Measures
The questionnaire contained constructs typically assessed in
health behavior studies. These included stages of change, risk
perception, intentions, outcome expectancies, self-efficacy,
action plans, coping plans, social support, and habits [21]. Most

of the constructs were assessed separately for physical activity
and dietary behavior. Furthermore, health-related variables such
as height, weight, physical activity, and dietary behavior were
also assessed via self-report. Sociodemographic variables
included—among others—gender, education, year of birth,
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native language, and marital status. In total, the questionnaire
contained 129 items. Of these, 55 items were presented in either
a Likert or VAS format.

Dropout was analyzed separately [20,27]. Furthermore, the
dropout across the 8 weekly sessions was analyzed. This analysis
could only be performed for the PG, as the NPG was not able
to participate in the program until the PG finished the 8-week
program, diminishing comparability between the groups.

Sample Characteristics
The sample consisted of German cardiac patients who took part
in ambulatory or stationary rehabilitation and German
participants interested in improving their physical activity and
diet. The total sample was comprised of 446 participants, about
one third (35%) of whom were from the original target group
of medical rehabilitation patients. Almost all participants (97%)
were native German speakers. The remaining participants
indicated English or Lithuanian as their native language. The
ages ranged from 24 to 77 years (M=52.4, SD=12.1). Female
participants comprised 59% of the sample. The level of
education of participants varied, with 52.6% of the sample
having finished high school or having earned a higher degree.
Most of the participants (75%) were married or in a relationship.

Results
The results from the analyses of item properties, dropout, and
missing values are presented in the following section. In line
with Reips and Franek [28], data from participants who dropped
out were included in the analyses before the point of their
dropout.

Means and Standard Deviations
Answers in the Likert questionnaire version were recoded to
make values comparable to the VAS questionnaire version.
Recoded values ranged from 1 to 100. T-tests comparing the
mean scores for the 55 items that differed between questionnaire
versions were then calculated. There were no differences in the
means between the questionnaire versions. In line with previous
findings on VASs, SDs were smaller for 47 items in the VAS
questionnaire version, 2P (Y ≥ 47 | n=55, P=.5) < .001. Items
in the VAS questionnaire version had a pooled SD of 30,
whereas in the Likert questionnaire version, the pooled SD was
33. Latent variables were analyzed using structural equation
modeling. The 55 items amounted to 15 different measured

constructs. For these, confirmatory factor analyses were
conducted with free estimates for variance and mean of the
latent variables. Scale version was used as a grouping variable
in the analyses. In none of the 15 cases was there a mean
difference between the latent estimates of the different scale
versions (all z's<1.96). The variance of the latent variables was
smaller in the VAS group in 13 of the 15 studied constructs.
These results are similar to previous findings on distributional
properties of VAS scores [1,2].

Dropout Across Sessions
The analysis of dropout across sessions was only possible in
the PG because the NPG was not invited to weekly sessions
until the other group ended their treatment. Between-session
dropout was compared across the weekly sessions until the
follow-up questionnaire was completed. Overall, there were 9
different sessions with 8 weekly parts, and the follow-up
questionnaire was administered 1 week later. Because
participants were able to continue participation even if a session
was missed, the between-session dropout curves do not
monotonically decrease. The dropout within the 2 questionnaire
versions is shown in Figure 3. There is a sharp drop in the curve
for the Likert questionnaire version from session 1 to session
2. Only 5 of the original 106 participants returned for the second
session, indicating a dropout of 95% between the 2 sessions. In
the VAS questionnaire version, 64 of 116 participants returned
for session 2, which equaled a dropout of 53%. The difference
was significant, χ2 (1, N=222) = 63.49, P<.001, Φ = .54.

Because such a large difference in dropout due solely to the
answer scale used seemed implausible, further possible
differences between the questionnaire versions were examined.
After careful examination and queries with the external provider
of the survey software, it emerged that participants in the Likert
questionnaire version did not receive weekly reminder emails,
whereas participants in VAS questionnaire version received
weekly reminders. This was due to a technical error without
options to restore the defect. Aside from the response scale
format, this introduces another difference between questionnaire
versions across the weekly sessions. As this confounding factor
renders the comparison between groups across the weekly
sessions inconclusive, dropout was compared across the time
frame in which this factor was not present, namely the responses
within, and dropouts from the questionnaire during the first
session.
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Figure 3. Dropout across the weekly sessions until follow-up.

Dropout During the First Session
Dropout was analyzed by determining whether participants were
presented a certain item or had already left the questionnaire.
Therefore, only skipping a certain page or item was not counted
as having dropped out. Figure 4 shows the dropout curves
separately for the VAS and Likert questionnaire versions. In
the VAS questionnaire version, 73 of 231 initial participants

did not finish the questionnaire (31.6%), whereas in the Likert
version, 88 of 215 initial participants dropped out (40.9%). A
Cox regression with a directed hypothesis resulted in a
significant difference between the groups, odds ratio = 0.754,
90% CI (0.58-0.98), P=.04, in favor of the VAS scale to the
Likert-scale. Neither gender nor the participation in cardiac
rehabilitation before participating in the aftercare program was
related to dropout.

Figure 4. Dropout throughout the entire baseline questionnaire by version.

Missing Values
The missing data analysis was performed only for items that
were presented as either VAS- or Likert-type answer scales.
Items of identical format in both the questionnaire versions were
excluded.

The total number of items that could be skipped without
answering was 55. We analyzed how many presented items
were unanswered by participants. In the VAS questionnaire
version, 7% (SD=20%) of the presented items were skipped on
average, whereas in the Likert-questionnaire version, 8%
(SD=18%) of the items were skipped on average. This difference
was not significant. Gender differences in skipped items were
also not significant. Age of participants was significantly
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correlated with the mean number of skipped items (r=0.26,
P<.001), indicating that older participants skipped more
questions without answering them.

Discussion
The present study investigated VASs in the applied context of
an eHealth program. Lower SDs in the VAS questionnaire
version were found for 47 of 55 analyzed items, supporting
previous findings that suggest that VAS provide better
measurements than Likert scales. There were no differences in
mean scores between the VAS and Likert questionnaire versions.
Within-session dropout was lower in the VAS questionnaire
version. Missing data did not differ between questionnaire
versions. Importantly, a technical issue—missing reminder
emails in the Likert questionnaire version—was discovered
during our investigation and helped identify an important
confound, which rendered the between-session dropout analysis
inconclusive. The results are discussed in more detail in the
following section.

Distributional Properties of VAS
Findings on the mean scores and SDs replicate findings from
previous studies in the eHealth context [1,17]. As most results
on eHealth studies so far are based on Likert-type scales, mean
differences could possibly hinder comparability of results. The
replication of previous findings of equal means in the eHealth
context therefore provides an important prerequisite for the
implementation of VAS response scales in this area. Smaller
SDs when using VASs have also been shown by Funke and
Reips [1]. A smaller SD translates into smaller standard errors
and thus provides more power to statistical analyses [29]. As
the recruitment of participants is always difficult in the health
context, this is an important reason to consider VASs in this
area.

Dropout and Missing Values
In line with our hypotheses and with previous findings in the
literature, there was a significant lower dropout in the VAS
questionnaire version in comparison to the dropout by
participants who were provided with Likert-type scales
throughout the first session. A trend toward fewer missing values
was also observed. Dropout has been argued to reflect lack of
motivation to continue participation, among other factors
[6,10,20]. Thus, it is conceivable that the lower dropout when
implementing VASs is a manifestation of the preference by
participants for this type of scale over Likert-type scales or that
study participants became more motivated to remain within the
study [18].

The implementation of VASs might result in less reactance and
an increased interest in continuing with answering the items.
These factors potentially increase motivation and thus result in
a lower dropout. The effect sizes for both variables at first seem
quite small, a 1% difference in missing values and 9.3%
difference in dropout; therefore, further research with larger

samples is certainly needed to clarify whether the trend observed
in our study is stable in the eHealth context. Given the high
importance of retaining participants in programs aimed at
reducing the risk of life-threatening cardiac incidents, even
small differences in dropout have great implications with regard
to health. A 9% difference in dropout means that in the VAS
condition, 9% more participants receive a program aimed at
improving crucial health behaviors to lower the risk of further
cardiac incidents.

VASs have been shown in this study and previous research to
possess a number of advantages over other answer formats, for
example, better distributional properties and lower standard
errors [2,14,15]. With less dropout and no increase in missing
values, their use in the eHealth context is even more justified
than before.Using VASs in a senior sample with low educational
status is a true test of their viability in the eHealth context
because it ascertains the validity in this context and for a very
specific sample that is represented disproportionately highly in
eHealth. Showing a positive effect on dropout and no negative
effect on missing values, while also replicating previous findings
on advantages, is a strong argument for implementing VASs in
the eHealth context. Future research should also investigate the
possible effect of VASs on adherence to continuing a study.

The impact of answer scales on dropout across sessions could
unfortunately not be determined owing to the confounding factor
of missing reminder emails in 1 questionnaire version. Future
studies are needed to investigate the impact of VASs on dropout
across studies. However, the missing reminder problem would
have gone unnoticed without our investigation into dropout
differences. This additional finding again highlights the
importance of reminders (and checking the reminder
functionality), and in the case of cardiac patients, this will
eventually mean that the lives of several people may be in a
better health condition or even prolonged. Dropout and other
types of non-response have long been identified as excellent
indicators of technical and motivational issues in Internet-based
experiments [19,20]. Our present results provide proof that this
diagnostic capability of dropout analysis can and should be
extended to Internet-based eHealth studies.

Conclusions
VASs are promising as a viable tool in eHealth studies.
Advantages of the format, for example, distributional properties,
tend to also hold true in the applied eHealth context.
Within-session dropout was lower when VASs were
implemented and missing values tended to be lower. Cumulative
evidence from several studies points to better measurements
with VASs [1,2,14,15]. However, the longer term implications
of VASs on between-session dropout will need to be studied,
particularly in the context of eHealth.

Care needs to be taken with software design and testing in
eHealth programs. It may be better to have the full control that
comes with in-house solutions rather than trade in full access
for the convenience external providers may suggest.
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scales and Likert-type scales in Internet-based
personality questionnaires
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Abstract Visual analogue scales (VASs) have shown superi-
or measurement qualities in comparison to traditional Likert-
type response scales in previous studies. The present study
expands the comparison of response scales to properties of
Internet-based personality scales in a within-subjects design.
A sample of 879 participants filled out an online questionnaire
measuring Conscientiousness, Excitement Seeking, and
Narcissism. The questionnaire contained all instruments in
both answer scale versions in a counterbalanced design.
Results show comparable reliabilities, means, and SDs for
the VAS versions of the original scales, in comparison to
Likert-type scales. To assess the validity of the measurements,
age and gender were used as criteria, because all three con-
structs have shown non-zero correlations with age and gender
in previous research. Both response scales showed a high
overlap and the proposed relationships with age and gender.
The associations were largely identical, with the exception of

an increase in explained variance when predicting age from
the VAS version of Excitement Seeking (B10 =1318.95,
ΔR2=.025). VASs showed similar properties to Likert-type
response scales in most cases.

Keywords Visual analogue scale . VAS . Likert scale .

Internet science .Measurement . Internet research . Online
questionnaire . Response scale

Conducting research via the Internet is considered a second
revolution in behavioral research after the computer revolution
in the late 1960s and early 1970s that brought about many
advantages over widely used paper-and-pencil procedures
(e.g., automated measurement, better precision). Internet-based
questionnaires and tests are becoming more and more common
in psychology and other social sciences (e.g., Reips, 2008;
Reips & Birnbaum, 2011). When designing an online survey,
the question of how to design items and which response options
to present depends on a different set of rules than in offline
surveys (e.g., Callegaro, Lozar Manfreda, & Vehovar, 2015;
Hewson, Vogel, & Laurent, 2015). In measuring the degree of
agreement with a statement, the response options are often pre-
sented in a Likert-type scale with a certain number of ordinal
answer options. An alternative to Likert-type scales are visual
analogue scales (VASs). These scales offer a number of advan-
tages over Likert-type scales with regard to psychometric prop-
erties and are easy to implement online (Reips & Funke, 2008).

VASs are rating scales in a continuous graphical format.
They were first described by Hayes and Paterson (1921).
Instead of providing a discrete number of response options,
the VAS provides participants with a straight line extending
from one end of the scale (e.g., BStrongly Agree^) to the other
(e.g., BStrongly Disagree^). Participants mark any point on
this continuous line that corresponds to their subjective

The original version of this article was revised: In the Abstract, the
penultimate sentence “The associations were largely identical, with the
exception of an increase in explained variance when predicting age from
the VAS version of Excitement Seeking (B10=125.1,ΔR2=.025).” should
be changed to “The associations were largely identical, with the exception
of an increase in explained variance when predicting age from the VAS
version of Excitement Seeking (B10=1318.95, ΔR2=.025).” On page 4,
Statistical analyses, at the end of the second paragraph, the sentence that
reads “To avoid type I-error inflation due to multiple testing, the
significance level was set to.” should be changed to “To avoid type I-
error inflation due to multiple testing, the significance level was set to
p< .01.”

* Tim Kuhlmann
tim.kuhlmann@uni-konstanz.de

1 Research Methods, Assessment and iScience, Department of
Psychology, University of Konstanz, Box 31,
78457 Konstanz, Germany
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agreement. In computer- and Internet-based assessments, each
pixel in length of a VAS corresponds to a possible value
(Reips & Funke, 2008). Examples of Likert and VAS response
scale formats used in the present study are shown in Fig. 1.
VASs are widely implemented in the medical sciences, espe-
cially when measuring changes in pain levels (e.g., Bijur,
Silver, & Gallagher, 2001; Myles et al., 1999)

VASs allow respondents to communicate subjective values
more exactly than radio button scales. Moreover, the format of
VASs suggests to participants that their answer should be pre-
cise, because the number of response categories communicates
how elaborated the expected answer should be.
Correspondingly, a small number of response options implicitly
conveys the message that roughly estimated answers are suffi-
cient (Schwarz, 1999). Mean ratings tend to be equal in VASs
and other response scales in paper-based studies (Cork et al.,
2004) aswell as in Internet-based studies (Funke&Reips, 2012;
Kuhlmann, Reips, Wienert, & Lippke, 2016).

Visual analogue scales and data quality

A theoretical advantage over discrete scales like radio but-
ton scales often used on the Internet is that answers are not
restricted to a certain number of response options but very
fine gradations can be measured. They avoid the system-
atic bias of values resulting from scale coarseness, a prob-
lem present when using items with distinct response cate-
gories that are meant to measure a continuous latent vari-
able (Aguinis, Pierce, & Culpepper, 2009). In case the true
value of the respondent is located between response op-
tions, Likert-type responses are potentially systematically
biased upwards or downwards. This theoretical bias is re-
duced as the number of response categories is increased,
though the psychological effect of presenting distinct re-
sponse categories may still persist (Schwarz, 1999). In
practice, most questionnaires using Likert-type scales

implement between four and seven response categories
(Wakita, Ueshima, & Noguchi, 2012).

In paper-based studies on pain, Myles and colleagues
(1999) and Myles and Urquhart (2005) found that data from
VASs form a linear scale. Furthermore, participants were
instructed to give a rating for feeling half or twice the amount
of pain than their previous rating on a VAS that did not show
the original score. Results from the comparison of these scores
with the original ratings indicated equal intervals for these
judgments. The authors conclude that "VAS scores can be
treated as ratio data" (Myles et al., 1999). Reips and Funke
(2008) also found that in Web questionnaire items, VASs ful-
fill the requirements of measurement on the level of an interval
scale. Therefore, differences between ratings on VASs can be
interpreted in a meaningful way and the prerequisites for
many statistical procedures are met. Hayes, Allen, and
Bennet (2013) describe the possibility of a general VAS to
maximize the discrimination between neighboring categories
and possibly produce less compressed answers at the extremes
depending on the anchors used.

Given the cumulative evidence of better distributional
properties and indications for a higher scale of
measurement, the question remains whether VASs also
offer more information about the assessed construct, i.e.
whether responses gathered via VASs offer more valid
information than those gathered via other response
scales. This question was positively answered by Reips
and Funke (2008) for percentages and fur ther
investigated by Funke and Reips (2012) for the con-
struct sense of style. They compared the correlations
between respondents’ style regarding furnishing and
clothing and found more positive correlations with
VAS-type scales for construct related items and no cor-
relations for construct-unrelated items when compared to
their Likert counterparts. Thus, evidence showed that
VASs are able to assess the domain general construct
sense of style better.

Fig. 1 Example of items in a VAS-format (top) and a Likert-type format (bottom)
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The present study aims to investigate the additional
information provided by responses on a VAS-type scale
in comparison to responses to the same items on a
Likert-type scale directly. In contrast to previous studies,
which used a between-subjects design and compared
correlations, the present study implements a within-
subjects design allowing for a more detailed and consis-
tent analysis of the effect of response scale type. To
assess the validity of the information, a criterion with
perfect reliability is the gold standard, because differ-
ences in the interrelation are directly related to the prop-
erties of the construct under investigation. The age and
gender measures provide near-perfect reliability, which
is why they were chosen for the present study.

Relationship between personality characteristics
and age and gender

Age and gender as variables are measured in most psycholog-
ical studies along with other socio-demographic variables.
They are often used to describe the sample and function as
covariates or control variables in regression or ANCOVA
analyses. In the present study, they are the main criterion var-
iables in the analyses, because they possess the quality of a
near-perfect criterion in terms of reliability. Several personal-
ity characteristics have shown a correlation with age and gen-
der in previous research. The authors chose three well inves-
tigated and established personality constructs: Sensation
Seeking, Conscientiousness, and Narcissism.

Sensation Seeking encompasses the tendency of individ-
uals to seek out novel and exciting stimuli to reach their
Optimal Level of Arousal (Zuckerman, Eysenck, &
Eysenck, 1978). This has been shown to decline with increas-
ing age after puberty, resulting in consistent negative correla-
tions between age and Sensation Seeking (e.g., Steinberg
et al., 2008; Zuckerman et al., 1978). Sensation Seeking has
also been shown to be higher in males than in females
(Steinberg et al., 2008; Zuckerman et al., 1978). The construct
is measured as a subfacet of Extraversion in the Big Five
personality model, labeled Excitement Seeking (Costa &
McCrae, 1992).

The second personality trait investigated is the Big Five facet
Conscientiousness (e.g., Buchanan, Johnson & Goldberg,
2005). This personality trait has also shown a relation to age
in previous research. Srivastava et al. (2003) found a linear
positive correlation throughout the whole lifespan, with some
studies finding a trend towards a decline in late adulthood
(Donnellan & Lucas, 2008). Srivastava et al. (2003) also found
small gender differences for Conscientiousness, with women
scoring slightly higher than men across the lifespan. This differ-
ence was also shown in a cross-cultural study by Donnellan and

Lucas (2008), though the difference ceased to show in late
adulthood.

The third personality construct addressed in the present
study is Narcissism, which has been shown to be negatively
associated with age (e.g., Roberts et al. 2010; Twenge,
Konrath, Foster, Campbell, & Bushman, 2008). There is an
ongoing debate about whether these are developmental chang-
es or cohort effects (Roberts et al. 2010; Twenge et al., 2008).
In the context of the present study it is only relevant that the
relation has been shown consistently. Consistent gender dif-
ferences have also been shown for Narcissism, with
men scoring higher than women on the whole measure
(Grijalva et al., 2015). The gender difference is most
pronounced in the facets Exploitative/Entitlement and
Leadership/Authority. All of the aforementioned con-
structs have been investigated in numerous studies and
measured by well validated and widely implemented
scales.

Research question and hypotheses

The main research question addressed in the current study is
what we gain from implementing VASs as the response format,
in comparison to Likert-type response scales. Specifically, the
goal is to investigate whether VASs provide additional valid
information when the information from the Likert-type scale is
already accounted for. This extends the knowledge about better
distributional properties and a better level of measurement for
VASs to the area of validity and actual information contained in
the measurement process. Our hypothesis proposes that person-
ality instruments assessed via VAS-type response scales provide
more information in comparison to the same instruments
assessed via Likert-type response scales. This is expressed in
additional explained variance when predicting the criteria age
and gender. Furthermore, means and standard deviations (SDs)
of the response-scale versions were compared as well as the
intercorrelations between the constructs within and between
both scale versions.

Method

Items in Likert or VAS format

The experimental manipulation in the present study was the
implementation of response scales in two different formats for
the measured constructs. Scales were presented in a Likert for-
mat with five radio buttons or in a VAS format using the same
anchors and same item wording. Both response scales covered
the same width on-screen. Examples of three Excitement
Seeking items in both response scale formats are shown in Fig. 1.
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Procedure

Recruitment for the Internet-based questionnaire was carried
out during a seminar. Participating students received course
credit and were instructed to acquire at least 20 participants
from the general population. Due to the research design re-
quiring variance in the age of participants, they were
instructed to recruit participants of varying ages to counter
the potential problem of range restriction in this dependent
measure. The questionnaire contained the seriousness check
(Aust, Diedenhofen, Ullrich, & Musch, 2013; Reips, 2002,
2009) at the beginning. Participants then indicated their age
and gender, before the personality scales were presented. No
other sociodemographic variables were assessed. Each partic-
ipant responded twice to each scale, once in a Likert and once
in a VAS version. The order of versions in the within-subject
design was counterbalanced. Before answering the scales for a
second time, an unrelated scale was presented. This scale used
text fields as the response format, avoiding a possible con-
founding factor in the counterbalanced design. To evaluate
the reliability of the assessment of age, participants were asked
at the end of the questionnaire to provide their year of birth.
An overview of the sequence of scales for the two
counterbalanced versions is shown in Fig. 2. Participants on
average took 9.9 min (SD = 6.7) to complete the survey. No
remuneration was provided.

Measures

The questionnaire contained scales of well-established per-
sonality instruments. These included the Excitement Seeking
subscale of the Big Five facet Extraversion from the NEO-PI-
R (Ostendorf & Angleitner, 2004). The subscale consists of
eight items. Furthermore, Conscientiousness was measured
using the 12-item scale of the NEO-FFI (Borkenau &
Ostendorf, 1993). The six-item short version of the NARQ
(Back et al., 2013) was implemented to measure Narcissism.

Sample characteristics

The sample consisted of 879 participants of which 75 indicat-
ed in the seriousness check that they did not want to partici-
pate seriously. These cases were not included with the

analyses. Age ranged from 14–82 years (M = 33, SD=14.7).
Female participants comprised 61.8% of the sample. The only
exclusion criterion applied was that participants had to be
proficient in German in order to ascertain understanding of
the items. The study was conducted in accordance with the
principles laid down in the Declaration of Helsinki (World
Medical Association, 2013) and with the institutional guide-
lines of the Department of Psychology, University of
Konstanz.

Statistical analyses

To evaluate the Likert and VAS version of each scale, their
correlation with age and gender was computed to ascertain the
relationships established by previous studies. To test for incre-
mental variance in the association that the VAS versions of the
scale explain above the Likert version, hierarchical linear
Bayesian Regression analyses with age as the dependent var-
iable were performed. We compared the model that includes
all Likert-type response scales as predictors with the model
that additionally includes all VAS-type scales. The compari-
son was evaluated by the Bayes factor comparing both
models. To interpret the results, we used the evidence catego-
rization proposed by Lee and Wagenmakers (2013). A Bayes
factor of one signifies no preference for either the null or the
alternative model. Bayes factors different from one indicate
evidence towards one of the two compared models, with
values higher than ten and lower than one-tenth being classi-
fied as strong evidence. The analyses were carried out in R
using the BayesFactor package (Morey & Rouder, 2015) with
the default priors. Gender was predicted via Bayesian logistic
regression implementing estimation procedures proposed by
Kruschke (2015). As the method proposed by Kruschke
(2015) does not allow for direct model comparison, the regres-
sion coefficients of individual logistic regressions were com-
pared using the highest density intervals (HDIs) for the
estimates.

In case of the model with VAS-type scales showing an
improvement, separate hierarchical regressions were per-
formed with either age or gender as the dependent variable
to investigate the effect in detail. As collinearity of the predic-
tors inflates the standard errors and therefore prevents reliable
parameter estimation (Gujarati, 2003), the values of the VAS
were regressed on the corresponding Likert-scale. Instead of
entering the VAS values in the second step, only the residuals
of the VASwere entered in the second step. This represents the
amount of information contained in the VAS measurement
that is not already explained by the Likert scale and allows
investigation of the direction of the effect. To avoid type I-
error inflation due to multiple testing, the significance level
was set to p < .01. The dataset is available at https://osf.
io/gvqjs/.

Fig. 2 Flow chart of the counterbalanced progression through the
questionnaire

Behav Res

54

https://osf.io/gvqjs/
https://osf.io/gvqjs/


Results

The results of the analyses are presented below. These include
the consistency of the age measure and the reliabilities for all
scales in both response scale versions. Afterwards the results
regarding intercorrelations, distributional properties, and re-
gression analyses are presented. These analyses were carried
out separately for the counterbalanced versions of the ques-
tionnaire. No differences emerged. Therefore we report results
for the data collapsed over both versions.

Consistency of the age measure

To assess the accuracy of self-reported age, the year of birth
was recoded into age by subtracting it from the year of the
assessment. The age was considered consistent if the two age
measures matched exactly or if the measure derived from the
year of birth was 1 year older. This accounts for the fact that a
participant’s birthday might not have taken place before the
date of the study. Both ages matched in 98.3% of cases, in-
creasing to 99.7% in case a difference of 1 year was coded as
marginal. The two cases with an age mismatch according to
this marginality criterion were excluded from further analyses.

Psychometric properties of the scales

Internal consistencies for all three personality constructs dif-
ferentiated by response scale are shown in Table 1. Internal
consistencies are similar for both types of response scales.

Correlations of the constructs measured via different
response scales

The intercorrelations of all personality measures for both re-
sponse scale formats are shown in Table 2. Measurement of
the same construct via different response scales shows a high
overlap. Depending on the construct measured, 81.0–86.5%
of the variance was shared by the scales in different response
formats.

The correlations between the three personality scales are
also shown. The pattern of associations is nearly identical
between the different response scale versions with none of
the correlations significantly differing regardless of the re-
sponse scale version used for the comparison (all p's > .1).

Means and standard deviations

Means and SDs of constructs assessed via VAS-type scales
have been compared to the same constructs assessed via
Likert-type scales in between-subjects designs in previous
studies (Funke & Reips, 2012; Kuhlmann, Reips, Wienert,
& Lippke, 2016). The means and SDs of the constructs inves-
tigated are depicted for both response-scale formats in Table 3.
The present study investigated the influence of the scale ver-
sion on the mean score via a repeated measures ANOVA de-
sign. Responses of the Likert-type response scale were
recoded into corresponding VAS-values, 1–101, via linear
transformation. The repeated measures factor was the re-
sponse scale version of the same construct, VAS versus
Likert. The dependent variables were the three personality
constructs, Excitement Seeking, Narcissism, and
Conscientiousness. There was no significant main effect of
response scale, F(1, 579) = 1.99, p = .16. The interaction
between the response scale and personality construct was also
not significant, F(2,1158) = .43 , p = .65. Given the high
power, this indicates no or only a very small influence of
response scale format on the mean score of the constructs. A
Bayesian repeated measures ANOVA with the same design
favored the null hypothesis of no difference between the re-
sponse scale versions with a Bayes Factor of B01 = 22.9,

Table 2 Intercorrelations of personality measures across scale versions

VAS Likert

ES C Nar ES C Nar

VAS Excitement Seeking (ES) - −.11 .37 .94 −.11 .36

Conscientiousness (C) - −.13 −.10 .90 −.12
Narcissism (Nar) - .35 −.13 .90

Likert Excitement Seeking (ES) - −.11 .35

Conscientiousness (C) - −.14
Narcissism (Nar) -

Note. N = 584–595

Table 1 Cronbach's alpha of the personality scales by reponse format

VAS Likert

Excitement Seeking .68 .67

Conscientiousness .84 .82

Narcissism .78 .75

Table 3 Means and standard deviations (SDs) of the three personality
scales in the two response formats

Construct (Response scale) Mean SD

Excitement Seeking (VAS) 49.0 17.8

Excitement Seeking (Likert) 49.3 18.2

Conscientiousness (VAS) 72.9 13.8

Conscientiousness (Likert) 72.9 13.7

Narcissism (VAS) 29.5 16.7

Narcissism (Likert) 29.9 17.1

Notes. Response range from 1–101, Likert scale values recoded via linear
transformation
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indicating strong evidence for no effect of scale version (Lee
& Wagenmakers, 2013). The effect size estimates for the dif-
ferences between response scale versions were low, from d =
.02 to d = .05.

SDs of the different response scale formats were compared
using Levene's test of homogeneity of variance. Contrary to
previous studies, no difference in the magnitude of SDs
emerged for either personality scale (all p's > .1).

Regression of age on scales

In order to compare the explained variance in the dependent
variable of age, we first examined the correlations between the
personality scales and the age measure to ascertain that the
proposed relationship from previous studies was also present
in our sample. This was true in the case of all three personality
constructs for both versions of the scale. The correlations for
all constructs in both response scale versions are shown in
Table 4.

To examine the additional information present in the re-
sponse on the VAS in comparison to the Likert scale, a
Bayesian hierarchical regression with all six measures, three
personality measures in both response scale versions, was per-
formed. The null model included the three personality con-
structs measured via a Likert-type scale; results are shown in
Table 5. The model that includes all VAS-type scales is fa-
vored over the null model by a Bayes factor of 29.74, provid-
ing strong evidence for the inclusion of the VASs. This advan-
tage stems only from the Excitement Seeking VAS-scale, as
for both the Conscientiousness and Narcissism scales the null
model including only Likert-type scales is favored, B10 = .13

and .11, respectively. The model including the VAS
Excitement Seeking scale is favored by a Bayes factor of
B10 = 1318.95, considered as extreme evidence for inclusion.

When entering the VAS-type scales first and the Likert-
type scales in the second step, the null model including only
VASs was preferred by a Bayes factor of B01 = 31.35 (very
strong evidence).

To further examine the additional informational value the
Excitement Seeking VAS-scale version provides over the
Likert-type scale, the values of the VAS were linearly
regressed on the scale values of the corresponding Likert
scale. The predicted VAS value was then subtracted from the
actual value on the VAS for each participant. This resulted in a
residual VAS term of the participant, which could not be ex-
plained by the Likert value of the scale. In a hierarchical re-
gression analysis with age as the dependent variable, we then
entered the Likert scale value of the personality construct in
the first step. In the second step the residual VAS term was
entered to examine whether additional variance was ex-
plained. The resulting regressions are shown in Table 6.

The residuals accounted for about 2.5% additional variance
explained for Excitement Seeking. The direction of the effect
for the residuals is the same as that of the main scale, indicat-
ing valid additional variance.

Regression of gender on scales

The analyses regarding gender were carried out analogous to the
ones with age as the dependent variable. Because gender is
coded as dichotomous, logistic regressions were performed.
First, the point-biserial correlations between the personality con-
structs and gender were computed. These are shown in Table 7.

Table 5 Hierarchical Bayesian regression of age on Likert- and VAS-
scale versions

Models BF 10

Null model (including all Likert scales) 1.000

Adding all VASs simultaneously 29.74

Adding Excitement Seeking VAS 1318.95

Adding Conscientiousness VAS 0.13

Adding Narcissism VAS 0.11

Note. BF10 = Bayes factor for the model including the variable(s) over the
null model

Table 6 Hierarchical regression of age on Excitement Seeking

Excitement Seeking

Beta ΔR2

Step 1
Likert scale

−.51*** -

Step 2
Likert scale

−.51*** .025***

VAS residual −.16***

Note. *** = p < .001

Table 4 Correlations with age for VAS and Likert versions of the
personality scales

VAS Likert

Excitement Seeking −.53 −.51
Conscientiousness .15 .17

Narcissism −.25 −.26

Note. All coefficients are significant with p<.01

Table 7 Point-biserial correlations with gender for VAS and Likert
versions of the personality scales

VAS Likert

Excitement Seeking .08 .09*

Conscientiousness .00 .00

Narcissism .25*** .23***

Notes * = p<.05; *** = p<.001
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In our sample gender was not associated with levels of
Conscientiousness and only a small association with
Excitement Seeking was measured. The regression analyses
were therefore only carried out with Narcissism and
Excitement Seeking as predictors. The results for the
Bayesian logistic regression with the Likert and VAS values
entered are shown in Table 8.

The logistic regressions for Excitement Seeking did not
support either of the scale versions as a predictor of gender.
The 99% and 95% HDIs for each scale version estimate do
include the estimate for the respective other scale, however.
Narcissism was shown to be a significant predictor of gender
for both scale versions, with the HDIs also indicating no dif-
ference between the estimates for either scale.

Discussion

The present study aimed at investigating the properties of
VAS-type response scales in a within-subjects design, com-
paring them to the more traditional Likert-type scales. The two
versions showed considerable overlap as indicated by the high
correlations between both versions of the scales. Internal reli-
abilities, means, and SDs did not differ between the response-
scale versions. The intercorrelations between the three person-
ality measures were also identical independent of the response
scale used for measurement. All scales showed the expected
relationship with the age measure. Narcissism and Excitement
Seeking but not Conscientiousness were associated with the
second criterion, gender.

The informational value of both scale versions emerged as
identical, with the exception of Excitement Seeking. In this case
the prediction of age was improved for the VAS version of the
scale as shown by traditional as well as Bayesian regression
models. When predicting gender, only Narcissism was a signif-
icant predictor with equal estimates for the Likert-type and VAS
versions. The results of the present study indicate equivalence in
measurement and associations between Likert-type scales and
VASs, the only exception being the benefit of the VAS
Excitement Seeking scale when predicting age. The effect size
was small, though, with only 2.5% incremental variance ex-
plained out of a total of 28.6% explained variance. A possible

explanation for this finding is that it emerged for the strongest
original association, as age and Excitement Seeking had the
highest correlation in the present sample, r = −.53 to −.51.
Further research is necessary to evaluate the robustness and
possible explanations for this effect.

Theanalyses in thepresentstudyuseageandgenderas reliable
criteria. The reliability of the age measure was confirmed by a
very high consistency of entries at the beginning and end of the
questionnaire.Differences in the relationshipbetween theperson-
ality scales and age and gender are only dependent on the infor-
mation provided by themeasurement of personality.

Our results indicate that the more fine-grained responses
that are possible via VASs (Funke & Reips, 2012) did not lead
to a better measurement in most cases. They did not increase
the error variance in responses either, as shown by very similar
associations within the scales as well as with the criteria age
and gender. The equality of means and SDs also suggests
similar distributional properties of both response scale ver-
sions. The finding of equal SDs contrasts with previous re-
search that found lower SDs when implementing VASs
(Funke & Reips, 2012; Kuhlmann, Reips, Wienert, &
Lippke, 2016). A possible explanation for this finding is the
difference between the assessed constructs. The present study
measured personality characteristics, whereas the previous
studies investigated health-related variables and semantic dif-
ferentials. Another possible explanation is the difference in
design. The present study investigated both response scales
in a within-subjects design, previous studies implemented
between-subjects designs.

The present study provides evidence for equal measure-
ment when implementing VASs in comparison to Likert-
type scales in a within-subjects design. Further research
should be conducted to investigate other variables and ascer-
tain the validity of VASs. Examining the impact of the length
of the scale, including longer questionnaires, is also a possible
direction for future studies. It should be noted, however, that
the results with regard to external criteria only include age and
gender. This renders the interpretation of the results more dif-
ficult and presents several possible explanations.

Limitations

The present study used a voluntary recruitment strategy through
participants of a seminar. Since this is not a random sampling
method, the generalizability of the results is limited. Recruiters
were instructed not to disclose the purpose of the study, but na-
ivety of study participants could not be guaranteed. On the other
hand, the present sample does extend beyond the usual limits of a
student sample because a wider age range was recruited.

A second limitation is the scope of the present study.We only
investigated three personality scales and their relationship with
gender and age. Construct validity remains to be investigated in
future research. Age and gender were chosen as external criteria

Table 8 Logistic Bayesian regression of gender on Excitement Seeking
and Narcissism for both response scales

Predictor Estimate (β) 95% HDI 99% HDI

Excitement Seeking VAS .010 [.000, .019] [−.003, .022]
Excitement Seeking Likert .011 [.002, .020] [−.001, .024]
Narcissism VAS .031 [.020, .041] [.017, .046]

Narcissism Likert .028 [.018, .038] [.015, .042]

Note. HDI highest density interval
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in the current study as they provide near-perfect reliability. Other
criteria were not investigated in the present study, though evi-
dence for informational advantages when predicting age and
gender could very well translate to other criteria.

A third limitation is that only linear trends were investigat-
ed in the present study. The relationship between the response
scales and age were examined via correlations and the GLM.
This represents the most common analyses performed, but
does not take into account possible nonlinear relationships
between responses on a Likert scale and responses on a
VAS-type scale. There is no theoretical reason to assume a
meaningful nonlinear trend; nonetheless our analyses are not
able to account for it in case it exists.

Conclusion

The present study is the first to investigate Likert-type and VAS-
type scales in a within-subjects design, thus allowing for a direct
comparison. The results indicate that VAS- and Likert-response
scales provide identical information and have identical distribu-
tional qualities. As in most previous research, results indicate no
disadvantages to implementing VASs. Further research should
examine other personality measurements and validation criteria
to examine possible moderator effects.
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Abstract	

Smartphone	 usage	 is	 increasing	 around	 the	 globe.	 Smartphones	 offer	

considerable	 opportunities	 to	 researchers	 implementing	 experience	 sampling	

designs.	 Besides	 convenient	 gathering	 of	 self-report	 data,	 the	 availability	 of	

objective	sensor	data	promises	advantages	for	data	collection.	Previous	research	

has	 shown	 the	 relation	 between	 body	 posture	 and	 well-being	 as	 well	 as	 an	

association	between	smartphone	 sensor	data	and	posture.	We	 investigated	 the	

association	 of	 the	 objective	 tilt	 measure	 with	 self-reported	 well-being	 in	 two	

experience	 sampling	 studies	 with	 98	 and	 261	 participants.	 Results	 of	 Study	 1	

show	a	within-person	association	between	deviation	from	the	usual	tilt	and	well-

being,	 t(3392)=-3.9,	p<.001.	In	Study	2	 this	association	could	only	be	shown	 for	

Android	 users,	 t(3389)=-2.20,	 p=.03,	 but	 not	 for	 iOS	 users.	 Comparison	 of	 the	

groups	 did	 reveal	 differences	 in	 the	 distribution	 of	 the	 sensor	 measured	 tilt.	

Possible	 explanations	 for	 the	 differing	 results	 by	 smartphone	 platform	 include	

heterogeneity	of	the	hardware	implemented	and	differences	in	the	apps.	Advice	

on	precautions	to	consider	when	implementing	app	studies	on	differing	devices	

and	 platforms	 in	 the	 wild	 are	 given.	 Implications	 for	 future	 studies,	 including	

objective	validation	of	sensor	data,	are	also	discussed.	 	
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Introduction	

Longitudinal	 and	 diary	 studies	 have	 long	 been	 a	 part	 of	 psychology	 and	

other	 social	 sciences	 to	 investigate	 variables	 that	 are	 supposed	 to	 undergo	

frequent	 changes,	 e.g.,	 psychological	 states	 or	 emotions	 (Stone,	 Shiffman,	 &	

DeVries,	 1999).	 Experience	 sampling	 techniques	 allow	 for	 ecologically	 valid	

repeated	 measurements	 of	 these	 variables	 in	 daily	 life.	 The	 measurement	 in	

experience	 sampling	 designs	 avoids	 typical	 problems	 of	 other	 forms	 of	

assessment,	 e.g.,	 questionnaires,	 as	 participants	 do	 not	 have	 to	 retrospectively	

access	 information	 or	 summarize	 across	 timespans	 or	 situations,	 eliminating	

potential	 biases	 associated	 with	 self-reports	 (Harari	 et	 al.,	 2016;	 Schwarz	 &	

Sudman,	 2012).	 A	 further	 advantage	 of	 experience	 sampling	 as	 with	 any	

Internet-based	research	(e.g.,	Reips,	2000)	 is	that	the	measurement	takes	place	

in	 the	natural	environment,	 largely	avoiding	 the	artificial	 situation	created	 in	a	

typical	 experiment	 or	 questionnaire	 study	 (Stone,	 Shiffman,	 &	 DeVries,	 1999).	

This	comes	at	the	cost	of	experimental	control,	because	the	researcher	has	little	

information	 or	 influence	 on	 the	 actual	 circumstances	 of	 the	 measurement	

besides	 the	 time	 and	 device	 by	 which	 it	 is	 gathered.	 Further,	 experience	

sampling	 allows	 researchers	 to	 draw	 conclusions	 based	 on	more	 fine-grained,	

possibly	 continuous,	 measurements,	 enabling	 the	 possibility	 to	 disentangle	

between-	and	within-person	effects	in	one	design	(Stieger	&	Reips,	2017;	Wrzus	

&	Mehl,	2015).	

In	the	past,	experience	sampling	was	mostly	comprised	of	diary	studies	or	

by	handing	 out	 electronic	 devices	 to	 participants	 for	 the	duration	of	 the	 study	

(Miller,	2012;	Stone	&	Litcher-Kelly,	2006).	Besides	the	increased	effort	and	cost	

presented	 to	 researchers	 for	 their	 implementation,	 other	 limitations	were	 also	

present	using	these	methods.	For	example,	in	the	case	of	diary	studies,	the	time	

at	which	 participants	 filled	 in	 the	 answers	 could	 not	 be	measured	 objectively.	

This	 is	possible	when	using	electronic	devices,	but	participants	had	 to	 interact	

with	 an	unknown	device	 and	 carry	 it	with	 them	during	 times	of	measurement	

(Miller,	2012).	Naturally,	participants	are	not	intrinsically	motivated	to	carry	the	

burden.	 A	 solution	 to	 this	 problem	 is	 the	 implementation	 of	 smartphones	 to	

conduct	 experience	 sampling	 studies	 (Miller,	 2012).	 Smartphone	 usage	 has	
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increased	dramatically	over	the	past	decade,	with	over	over	70%	of	the	world’s	

population,	 or	 6.1	 billion	 users,	 expected	 to	 own	 a	 smartphone	 by	 2020	

(Ericsson,	 2015).	 Smartphones	 present	 themselves	 as	 a	 very	 powerful	 tool	 for	

researchers	wanting	 to	 implement	 experience	 sampling	 studies.	 In	 contrast	 to	

previous	diary	studies,	participants	have	their	smartphone	available	at	all	times	

and	no	additional	material	or	technology	has	to	be	adapted.	Furthermore,	due	to	

the	computing	power,	many	different	 types	of	questions	and	even	experiments	

can	be	 implemented.	The	widespread	use	of	 smartphones	 therefore	 lowers	 the	

cost	for	researchers	as	well	as	the	hassle	for	participants,	compared	to	previous	

experience	sampling	studies.	Studies	and	experiments	are	implemented	via	apps	

that	can	be	made	available	via	the	official	stores	of	the	OS,	e.g.,	Google	Play	Store	

or	Apple	Store.	There	are	a	number	of	app	development	programs	available	that	

simplify	the	app	development	process	for	researchers,	meaning	that	researchers	

do	 not	 have	 to	 program	 the	whole	 app	 from	 scratch,	 but	 only	 need	moderate	

programming	proficiency	(e.g.,	Pokress	&	Veiga,	2013).	

Besides	the	implementation	of	traditional	questionnaires	and	experiments,	

smartphones	 offer	 the	 additional	 availability	 of	 physical	 sensors	 that	 are	

integrated	with	the	smartphone	and	are	accessible	to	researchers.	These	include,	

among	 others,	 GPS	 data,	 gyroscope	 sensors	 and	 accelerometers.	 The	 present	

article	 evaluates	 the	 use	 of	 these	 sensors	 in	 combination	 with	 experience	

sampling	 to	assess	 the	association	between	 the	 tilt	of	a	users'	 smartphone	and	

her	well-being.	In	the	following	sections	the	theoretical	rationale	with	regards	to	

posture	and	the	implementation	of	sensors	will	be	laid	out.	

	

Body	posture	and	well-being	

	
The	association	between	body	posture	and	the	mood	of	a	person	has	a	long	

history	 in	arts	and	research.	 In	 triumph,	people	are	standing	more	upright	and	

assertive	whereas	when	facing	failure	a	more	slumped	posture	is	taken	(Riskind,	

1984).	 This	 association	 has	 been	 studied	 for	 the	 ratings	 of	 other	 persons	 or	

models	(Bull,	1978)	as	well	as	in	the	description	of	psychological	disorders,	e.g.,	

depression	 (Mendels,	 1970).	 The	 significance	 of	 taking	 a	 certain	 posture	 after	

success	 or	 failure	 has	 been	 associated	with	 self-regulatory	 processes	 (Riskind,	

1984)	and	self-perception	(Bem,	1972).	More	recently,	the	association	has	been	
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studied	 in	 the	 area	 of	 embodied	 cognition.	 Briñol,	 Petty	 and	 Wagner	 (2009)	

found	that	manipulating	the	posture	of	participants	to	be	upright	with	their	back	

erect	 and	 chest	pushed	out	 influenced	 the	 confidence	participants	had	 in	 their	

thoughts.	 The	 effect	 of	 these	 thoughts	 on	 attitudes	 was	 in	 turn	 greater.	

Regardless	 of	 the	 direction	 of	 this	 effect,	 there	 seems	 to	 be	 an	 association	

between	the	body	posture	and	a	person’s	 feelings.	The	current	study	evaluates	

the	use	of	smartphone	sensors	as	a	proxy	measurement	for	body	posture.	Details	

about	 sensor	 types	 and	 their	 implementation	 are	 laid	 out	 in	 the	 following	

section.		

	

Smartphone	sensors	and	their	implementation	in	research	

	
Almost	all	available	smartphones	include	a	wide	array	of	physical	sensors	

to	 measure	 the	 location,	 tilt	 and	 orientation	 (Lane,	 Miluzzo,	 Lu,	 Peebles,	

Choudhury,	&	Campbell,	2010).	Data	from	these	sensors	are	assessed	with	high	

frequency	and	are	made	available	 to	apps	that	are	running	on	the	smartphone.	

An	 experience	 sampling	 app	 can	 therefore	 gather	 and	 transmit	 these	 values	

along	 with	 questionnaire	 data,	 with	 no	 additional	 requirements	 to	 the	

participant.	Researchers	are	then	able	to	combine	self-report	data	with	objective	

measurements	 (Miller,	 2012).	 Depending	 on	 the	 goal	 of	 the	 study	 and	 which	

sensors	 are	 used,	 a	 wide	 array	 of	 behavioral	 and	 social	 phenomena	 can	 be	

investigated	(Harari	et	al.,	2016).	For	example,	MacKerron	and	Mourato	(2013)	

investigated	 the	association	between	momentary	 subjective	well-being	and	 the	

location	that	a	participant	was	in	at	the	moment	of	assessment,	as	measured	by	

GPS	 data.	 They	 gathered	 over	 one	 million	 responses	 from	 over	 20,000	

participants.	 Combining	 the	 well-being	 scores	 with	 the	 geo	 location,	 their	

findings	 showed	 that	 people	 are	 happier	 outdoors	 than	 in	 urban	 areas.	 The	

amount	 of	 data	 strengthened	 the	 argument	 because	 the	 same	 participant	 was	

measured	in	multiple	instances	across	different	environments.	

Depending	 on	 the	 sensor,	 there	 may	 be	 differences	 in	 the	 accuracy	 of	

measurement,	 however.	 Stisen	 et	 al.	 (2015)	 investigated	 the	 accelerometer	

sensor	 of	 13	 different	 devices	 and	 found	 considerable	 heterogeneities	 with	

regard	 to	 reported	 acceleration	 values.	 In	 some	 case	 these	 amounted	 to	 the	

difference	between	 standing	 still	 and	using	public	 transportation	 (Stisen	 et	 al.,	
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2015).	Blunck	et	al.	(2013)	also	point	out	the	possible	heterogeneities	that	arise	

when	gathering	sensor	data	in	the	field.	These	may	be	caused	by	including	data	

from	different	devices,	hardware,	software	versions,	and	operating	systems.	

One	sensor	that	is	ubiquitous	in	smartphones	is	the	gyroscope.	It	measures	

the	 tilt	 of	 the	 smartphone	 with	 regard	 to	 two	 axes	 (see	 Figure	 1).	 The	 two	

dimensions,	pitch	and	roll,	indicate	in	what	position	the	smartphone	is	currently	

held.	Values	of	zero	are	indicative	of	a	flat	position,	e.g.,	when	the	phone	is	lying	

on	a	table.	Deviations	from	zero	in	either	direction	equal	a	tilt	of	the	smartphone	

from	this	flat	position.		

	
Figure	1.	Illustration	of	tilt	measures	pitch	and	roll	in	relation	to	smartphone	axes.	

	

The	 use	 of	 smartphone	 sensors	 to	 identify	 behaviors	 has	 mostly	 been	

implemented	 in	 the	health	sciences,	e.g.,	 to	 identify	physical	activity	 (Brajdic	&	

Harle,	2013;	Case,	Burwick,	Volpp,	&	Patel,	2015)	or	to	identify	falling	(Yavuz	et	

al.,	 2010).	 The	 accuracy	 of	 smartphone	 sensors	 in	 the	 detection	 of	 physical	

activity	 did	 correspond	 to	 observational	 data	 and	 even	 outperformed	 other	

wearable	devices	 in	some	instances	(Case	et	al.,	2015).	 In	a	study	by	He	and	Li	

(2013),	 the	 orientation	 and	 gyroscope	 sensors	 were	 used	 to	 detect,	 among	

others,	changes	 in	body	posture,	 i.e.,	 standing,	sitting,	 lying,	and	the	 transitions	

between	 these	 positions.	 Participants	 in	 this	 study	 had	 the	 smartphone	 firmly	
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attached	 to	 their	 chest.	 The	 overall	 detection	 accuracy	 in	 this	 study,	 including	

physical	activity,	was	95.03%.		

	

Research	Question	and	Hypotheses	

	
We	propose	 that	 there	 is	an	association	between	smartphone	 tilt	 and	 the	

self-reported	 well-being	 of	 participants.	 Our	 assumption	 is	 based	 on	 previous	

findings	 of	 the	 link	 between	 posture	 and	 well-being	 (Briñol,	 Petty	 &	Wagner,	

2009;	Riskind,	1984)	and	the	connection	between	smartphone	sensor	data	and	

posture	 (Case	 et	 al.,	 2015;	 He	 &	 Li,	 2013;	 Yavuz	 et	 al.,	 2010).	 The	 proposed	

association	was	investigated	in	two	smartphone	studies.	

	

Study	1	-	Method	

The	 first	 study	was	 implemented	 via	 an	Android	 app	developed	with	 the	

MIT	app	Inventor	(Pokress	&	Veiga,	2013).		

	

Sample	characteristics	

	
A	total	of	98	participants	took	part	in	the	study.	All	of	them	were	native	in	

German	or	proficient	in	the	language.	The	average	age	was	22.9	years	(SD	=	6.8),	

ranging	 from	 17	 to	 67	 years.	 Regarding	 participant’s	 sex,	 73%	 reported	 being	

female.		

	

Procedure	

	
Recruitment	 for	 the	 experience	 sampling	 study	 took	place	 in	Germany	 in	

the	 process	 of	 a	 seminar	 and	 through	 the	 online	 course	 credit	 system	 of	 the	

University	of	Konstanz.	Participants	received	either	course	credit	or	participated	

in	 a	 lottery	 for	 gift	 vouchers.	 The	 study	 took	 place	 over	 the	 timespan	 of	 three	

weeks,	 including	 the	 Christmas	 holiday	 period	 and	 New	 Years	 Eve.	 Eligible	

participants	were	Android	phone	users	with	an	Internet	connection.	Participants	

signed	an	Informed	Consent	form	before	participating	in	the	study.	The	Informed	

Consent	 contained	 the	 mobile	 phone	 numbers	 to	 facilitate	 the	 sending	 of	

reminder	 messages.	 The	 assessment	 took	 place	 twice	 per	 day,	 once	 in	 the	
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morning	and	once	 in	the	evening.	A	trigger,	 i.e.,	ping,	reminding	participants	to	

fill	in	the	questionnaire,	was	sent	to	participants	via	WhatsApp	or	text	message.	

The	 assessment	 consisted	 of	 five	 items	 in	 the	 morning	 and	 five	 items	 in	 the	

evening.	 The	 variable	 of	 interest	 to	 the	 present	 study,	 momentary	 well-being,	

was	assessed	both	times.	Examples	of	the	app	screen	are	presented	in	Figure	2.	

In	 addition	 to	 filling	 in	 the	 questionnaire,	 the	 app	 offered	 various	 aggregated	

feedback	 options	 to	 participants,	 e.g.,	 the	 overall	 well-being	 score	 of	 all	

participants	or	the	overall	sleep	quality.	Subsequent	to	the	longitudinal	period	an	

Internet-based	questionnaire	was	completed	by	participants.	The	questionnaire	

included	sociodemographic	and	personality	variables.	

	

	
Figure	2.	Screenshot	of	the	app	in	the	morning	(left)	and	evening	(right).	

	

Measures	

	
The	 study	 focused	 on	 well-being	 and	 smartphone	 tilt	 as	 variables.	 Well-

being	 was	 measured	 with	 the	 one	 item	 measure	 "What	 is	 your	 current	 well-

being?"	Responses	could	be	indicated	on	a	continuous	slider	scale	ranging	from	

"very	bad"	to	"very	good".	Continuous	visual	analogue	scales	have	been	shown	to	
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provide	data	quality	superior	to	or	at	least	equally	as	good	as	Likert-type	scales	

in	online	measurement	(Funke	&	Reips,	2012;	Kuhlmann,	Dantlgraber,	&	Reips,	

2017;	Reips	&	Funke,	2008).		

The	 smartphone	 tilt	 was	 gathered	 via	 the	 app.	 We	 used	 total	 tilt	 as	 a	

measure	 of	well-being.	 Total	 tilt	 combines	 pitch	 and	 roll	 into	 one	 value	 called	

magnitude,	which	 ranges	 from	0	 to	1.	A	value	of	 zero	 indicates	no	 tilt,	 e.g.,	 the	

smartphone	lying	on	a	flat	surface.	A	value	of	1	indicates	maximum	tilt,	e.g.,	the	

smartphone	 standing	 on	 one	 of	 the	 four	 sides.	 The	 magnitude	 value	 can	 be	

visualized	as	the	force	a	ball	would	be	subjected	to	when	placed	on	the	surface	of	

the	 phone,	 with	 0	 being	 no	 movement	 and	 1	 indicating	 free	 fall.	 From	 apps	

created	with	the	MIT	App	Inventor	values	with	absolute	values	higher	than	90°	

from	the	data	are	removed	by	default,	i.e.,	when	the	phone	is	turned	upside	down	

(MIT	app	Inventor	Public	Open	Source,	2016).	The	roll	values	first	increase	up	to	

+/-	 90°	 and	 decrease	 after	 that	 point	 back	 to	 zero.	 This	 ensures	 that	 the	

magnitude	values	are	restricted	to	the	range	from	0	to	1.	

	

Statistical	Analyses	

	
Overall,	3625	measurements	were	gathered.	The	data	were	analyzed	with	

multi-level	 models	 to	 account	 for	 the	 nested	measurement	 points	 below	 each	

participant.	 Level	 two	 variables	 are	 at	 the	 person	 level,	 whereas	 repeated	

measures	during	the	three	week	period,	e.g.,	well-being	scores,	are	measured	at	

level	 one.	 Magnitude	 scores	 were	 centered	 within	 context,	 with	 the	 mean	

introduced	 at	 level	 2	 (CWC(M)	 approach,	 Curran	&	Bauer,	 2011).	 An	 ipsatized	

value	of	magnitude,	centered	against	 the	person	mean,	 is	 introduced	at	 level	1,	

representing	 within-person	 variation.	 At	 level	 2,	 the	 person	 mean	 centered	

against	 the	 grand	 mean,	 is	 entered,	 representing	 between-person	 effects.	 All	

analyses	 were	 conducted	 using	 the	 lme4-	 and	 lmerTest-packages	 in	 R	 (Bates,	

Mächler,	Balter,	&	Walker,	2015;	Kuznetsova,	Brockhoff,	&	Christensen,	2016).	
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Study	1	-	Results	

The	multi-level	analysis	of	well-being	scores	showed	a	considerable	effect	

of	inter-individual	differences	in	well-being	scores,	with	the	intercept	explaining	

27.4%	 of	 the	 variance	 in	 well-being	 scores.	 The	 slope	 did	 not	 differ	 between	

persons	 with	 less	 than	 1%	 of	 the	 variance.	 The	 analysis	 for	 the	 predictors,	

separated	for	between-	and	within-subjects	effects,	is	shown	in	Table	1.		

	
Table	1.	Well-being	scores	as	predicted	by	time	of	measurement	and	smartphone	tilt.	

	 Unstandardized	

estimate	 t(df)	

			Intercept	 		62.5	 -	

Between-subjects	effects	 	  

			Time	of	measurement	 			-0.2	 t(86)=-5.7, p<.001	

			Magnitude	(mean)	 			-6.5	 t(82)=-.84, p=.41	

Within-subjects	effects	 	  

			Time	of	day	(morning/evening)1	 					6.5	 t(3340)=10.1, p<.001	

			Magnitude	(ipsatized)	 			-5.5	 t(3392)=-3.9, p<.001	
Notes.	Range	of	well-being	1-101;	1morning	=	0,	evening	=	1.	

	

Results	 show	 a	 slight	 decrease	 of	 well-being	 scores	 over	 the	 time	 of	 the	

study.	Well-being	 scores	were	 also	 higher	 in	 the	 evening	 than	 in	 the	morning,	

67.2	 (SD=23.0)	 and	60.7	 (SD=21.5),	 respectively.	The	between-person	 effect	 of	

magnitude	 did	 not	 show	 a	 significant	 association	 with	 well-being	 scores.	 In	

contrast,	 the	 ipsatized	within	value	did	 show	a	 significant	effect.	The	more	 the	

smartphone	was	tilted	in	comparison	to	the	usual	position	the	participant	holds	

the	phone,	the	lower	was	the	well-being	score.	

		

Study	2	-	Method	

The	 second	 study	 was	 implemented	 via	 a	 hybrid	 app	 programmed	 in	

Javascript	and	HTML5.	The	sample	was	therefore	not	restricted	to	Android	users	

only	but	also	included	participants	with	iOS	operating	systems.	Apart	 from	this	
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change	 in	 technology	 and	 related	 generalizability,	 the	 design	 was	 similar	 to	

Study	1,	with	differences	being	described	in	the	following.	

	

Sample	characteristics	

	
The	 app	 was	 installed	 by	 295	 people	 who	 also	 filled	 out	 the	 Informed	

Consent	 form.	 The	 number	 of	 participants	 who	 provided	 at	 least	 one	

measurement	totaled	261,	with	53%	being	female.	The	mean	age	was	25.2	years	

(SD	 =	 10.9),	 ranging	 from	 16	 to	 70.	 Of	 the	 participants,	 the	majority	 reported	

using	 an	 Android	 smartphone	 (198),	 with	 the	 rest	 using	 an	 iOS	 phone	 to	

participate	(63).	

	

Procedure	

	
Recruitment	 for	 the	 study	 took	 place	 in	 southern	 Germany	 by	 word-of-

mouth.	Participation	was	remunerated	by	optional	entry	to	a	raffle	or	via	course	

credit.	 The	 entire	 study	 was	 run	 in	 German.	 Participants	 were	 prompted	 to	

submit	 their	 ratings	 two	 times	 a	 day	 by	 using	 in-app	 reminders	 that	 were	

generated	 by	 the	 app	 itself.	 Triggers	were	 randomly	 produced	 using	 two	 pre-

defined	time	windows,	morning:	5	a.m.	to	12	a.m.;	afternoon/evening:	3	p.m.	to	

12	 p.m.	 Participants	 had	 the	 possibility	 to	 adjust	 these	 time	 frames	 for	 their	

personal	 convenience	 but	 only	 within	 these	 pre-defined	 time	 windows,	 i.e.,	

windows	could	only	be	smaller,	not	larger.	Furthermore,	participants	had	again	

access	to	various	aggregated	feedback	options	in	the	app,	e.g.,	maps	of	all	users	

or	 global	well-being	 scores.	A	 screenshot	 of	 the	 app	 is	 shown	 in	 Figure	3.	 The	

longitudinal	part	of	this	study	lasted	three	weeks.	In	addition	to	well-being,	the	

study	 included	measures	 of	 psychological	 pressure,	 pace	 of	 life	 and	 a	 tapping	

task.	 After	 completion	 of	 the	 longitudinal	 part	 of	 the	 study,	 an	 Internet-based	

post-test	questionnaire	was	administered.	For	the	present	study,	only	the	well-

being	 measure	 and	 sensor	 data	 were	 analyzed,	 analogous	 to	 Study	 1.	 Results	

from	the	other	measures	are	reported	elsewhere	(Stieger	&	Reips,	2016).	
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Figure	3.	Screenshot	of	the	well-being	measurement	(center)	in	the	hybrid	app.	

	

Statistical	Analyses	

	
Overall,	 6959	 measurements	 were	 gathered.	 The	 hybrid	 app	 did	 not	

transform	pitch	and	roll	values	automatically	like	the	app	created	with	the	MIT	

app	Inventor.	The	values	were	therefore	transformed	manually	before	statistical	

analyses	were	carried	out.	The	 transformation	was	analogous	 to	Study	1.	Pitch	

values	with	an	absolute	value	over	90°	were	removed	and	roll	values	above	90°	

were	recoded	to	decrease	back	to	0°	instead	of	rising	to	180°.	Apart	from	these	

transformations,	the	analyses	in	this	study	were	again	conducted	implementing	

multi-level	models,	identical	to	the	first	study.	

	

Study	2	-	Results	

As	in	Study	1,	the	random	effects	model	again	showed	that	a	large	part	of	

the	 variance	 in	 well-being	 can	 be	 accounted	 for	 by	 different	 intercepts	 per	

person,	in	this	case	36.1%.	The	slopes	in	well-being	did	not	differ,	again	less	than	

1%	 of	 variance	 in	 well-being	 was	 explained	 by	 different	 person-slopes.	 The	

multi-level	analysis	of	the	predictors	of	well-being	scores	is	shown	in	Table	2.		
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Table	2.	Well-being	scores	as	predicted	by	time	of	measurement	and	smartphone	tilt.	

	 Unstandardized	

estimate	 t(df)	

Intercept	 		63.6	 -	

Between-subjects	effects	 	  

Time	of	measurement	 					0.0	 t(143)=0.27, p=.79	

Magnitude	(mean)	 					2.5	 t(174)=0.31, p=.76	

Within-subjects	effects	 	  

Time	of	day	(morning/evening)	1	 					1.9	 t(4595)=-4.36, p<.001	

Magnitude	(ipsatized)	 			-1.6	 t(4613)=	-1.56, p=.12	
Notes.	Range	of	well-being	1-101;	1morning	=	0,	evening	=	1.	

	

The	measurements	in	the	evening	were	significantly	higher	than	well-being	

measurements	in	the	morning,	63.2	(SD=19.2)	and	61.3	(SD=18.2),	respectively.	

In	contrast	to	Study	1,	neither	the	between-person	magnitude	nor	the	ipsatized	

magnitude	did	emerge	as	a	significant	predictor	of	well-being.	

As	 the	 present	 study	 included	 two	 operating	 systems	 and	 previous	

research	 has	 shown	 heterogeneities	 with	 regard	 to	 sensor	 data	 (Stisen	 et	 al,	

2015)	and	also	 sampling	effects	based	on	 technology	used	 (Buchanan	&	Reips,	

2001),	 the	distributions	of	 the	magnitude	measure	were	 compared.	A	Q-Q-plot	

for	 the	 magnitude	 measure	 in	 the	 Android-	 and	 iOS-subsamples	 is	 shown	 in	

Figure	4.	The	plot	does	suggest	differences	in	distribution,	especially	at	medium	

to	 high	 levels	 of	 magnitude.	 Levene's	 test	 for	 homogeneity	 of	 variances	

supported	 this	 finding,	 as	 the	 variances	 for	 magnitude	 did	 differ	 between	 the	

operating	 systems,	 F(1,6013)	 =	 33.28,	 p<.001.	 The	 standard	 deviation	 of	

magnitude	 scores	 was	 larger	 for	 iOS	 phones	 than	 Android,	 .26	 and	 .23,	

respectively.	 A	 t-test	 comparing	 the	mean	magnitude	 in	 both	 groups	was	 also	

significant	with	 a	mean	difference	 in	magnitude	 of	 .03[.01-.04],	 t(1849)	=	2.58,	

p<.001,	d=.12.	
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Figure	4.	Q-Q-plot	comparing	magnitude	measures	for	iOS	and	Android	users.	

		

Given	these	possible	differences	in	the	subsamples,	the	multi-level	analysis	

was	 calculated	 for	 both	 groups	 separately.	 Results	 are	 shown	 in	 Table	 3.	 The	

results	with	regard	to	Intercept,	time	of	measurement	and	time	of	day	are	similar	

for	 both	 operating	 systems.	 For	 the	 mean	 and	 ipsatized	 magnitude,	 however,	

results	differ.	A	significant	effect	for	the	ipsatized	magnitude	was	shown	for	the	

Android	users.	This	effect	was	not	present	in	the	iOS	subsample.	The	descriptive	

values	for	the	effect	of	the	mean	magnitude	also	show	a	big	difference	between	

the	groups,	but	these	did	not	reach	significance	for	either	operating	system.	 	
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Table	3.	Well-being	scores	as	predicted	by	time	of	measurement	and	smartphone	tilt	(separate	

by	OS).	

	 Android	 iOS	

	 Estimate	 t(df)	 Estimate	 t(df)	

Intercept	 		63.3	 -	 64.8 - 

Between-subjects	effects 	  

Time	of	

measurement	
								0.0	

t(104)=.12, 

p=.91	
												0.0 

t(34.7)=.09, 

p=.93 

Magnitude	(mean)	 									5.9	
t(123)=.63, 

p=.53	
								-10.2 

t(49.5)=-.69, 

p=.49 

Within-subjects	effects 	  

Time	of	day	

(morning/evening)	
									1.8	

t(3395)=-3.49, 

p<.001	
												2.4 

t(1195)=-2.60, 

p=.009 

Magnitude	

(ipsatized)	
							-2.6	

t(3389)=-2.20, 

p=.03 
												0.8 

t(1221)=	0.43, 

p=.67 

Notes.	Range	of	well-being	1-101;	1morning	=	0,	evening	=	1.	

	

Discussion	

The	current	article	investigated	the	association	between	smartphone	tilt,	as	

measured	 by	 the	 integrated	 sensors,	 and	 the	 subjective	 well-being	 of	

participants.	Study	1	did	show	a	significant	within-person	association,	indicating	

that	the	more	the	smartphone	was	tilted	in	comparison	to	its	mean	position,	the	

lower	 the	 subjective	 well-being	 of	 the	 participant.	 A	 replication	 of	 this	 effect	

could	 not	 be	 shown	 for	 the	 full	 sample	 of	 Study	 2,	 although	 the	 effect	 did	

replicate,	 to	a	smaller	degree,	when	only	Android	users	were	analyzed.	Results	

also	 showed	 differences	 between	 Android	 and	 iOS	 users	 with	 regard	 to	 the	

distribution	 of	 tilt-measures,	 pointing	 towards	 possible	 heterogeneity	 of	 the	

objective	measures.	
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The	pattern	of	 results	provides	 some	 limited	evidence	 for	 the	association	

between	 smartphone	 tilt	 and	 well-being.	 One	 possible	 explanation	 for	 these	

findings	 is	 the	 heterogeneity	 of	 objective	 measures	 with	 regards	 to	 operating	

system	as	well	as	smartphone	model.	The	current	dataset	did	reveal	differences	

in	these	objective	values.	First,	the	distribution	of	values	with	regard	to	pitch	and	

roll,	as	received	from	the	app	 itself,	was	not	the	same	in	both	studies.	The	MIT	

app	 Inventor	 reshaped	 the	 distribution	 to	 exclude	 values	 above	 90°,	 i.e.,	

truncated	 the	distribution.	 In	 contrast,	 the	hybrid	 app	did	 gather	 those	 values,	

i.e.,	the	full	distribution,	which	then	had	to	be	reshaped	afterwards	to	make	both	

datasets	comparable.	Second,	there	might	also	be	heterogeneity	stemming	from	

the	operating	system.	Both	factors	potentially	explain	the	differing	results	for	the	

association	between	well-being	and	tilt	when	analyzing	the	OS's	separately.	It	is	

also	 indicated	 by	 different	 distributions	 of	 pitch	 and	 roll	 when	 comparing	

Android	 and	 iOS	 users	 in	 Study	 2.	 Differences	 between	 devices	 and	 operating	

systems	have	already	been	proposed	for	the	accelerometer	sensor	(Blunck	et	al.,	

2013;	 Stisen,et	 al.,	 2015),	 with	 deviations	 in	 acceleration	 readings	 reaching	

differences	 between	 standing	 still	 and	 public	 transportation	 in	 some	 cases.	

Differences	 of	 this	 magnitude	 would	 without	 doubt	 influence	 the	 association	

between	tilt	and	well-being	investigated	in	the	current	study.	The	differences	in	

values	and	distributional	properties	are	of	course	not	necessarily	a	consequence	

of	 heterogeneities	 in	 the	 sensor	 data.	 Actual	 differences	 between	 participants	

using	iOS	or	Android	devices	are	also	a	possibility.	Such	differences,	for	example,	

have	 been	 reported	 for	 personality	 characteristics	 when	 comparing	 users	 of	

Macintosh-	 and	Windows-computers	 (Buchanan	 &	 Reips,	 2001).	 On	 the	 other	

hand,	 the	 fact	 that	 these	 differences	 only	 emerged	 for	 the	magnitude	 variable	

and	not	for	the	other	predictors,	does	make	this	possible	explanation	less	likely.	

Another	possible	explanation	for	the	differing	results	in	the	current	study	is	

based	on	the	theoretical	association	itself.	The	association	relies	on	two	different	

mechanisms,	 the	 link	 between	 well-being	 and	 posture	 as	 well	 as	 the	 link	

between	 posture	 and	 the	 sensor	 data.	 Both	 of	 these	 associations	 are	 not	 very	

strong,	 especially	 in	 field	 settings,	where	 a	multitude	 of	 influences	 are	 at	 play	

(Wrzus	 &	 Mehl,	 2015).	 For	 example,	 the	 tilt	 of	 the	 smartphone	 is	 not	 only	

influenced	by	body	posture,	but	also	by	task,	app	content,	sunlight,	the	location	
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the	participant	is	currently	in,	whether	she	is	standing	or	sitting,	etc.	There	is	no	

research	so	far	with	regard	to	the	validity	of	gyroscope	sensor	data	as	a	proxy	for	

posture,	 a	 problem	 associated	 with	 many	 objective	 measures	 provided	 by	

smartphone	sensors	(Harari	et	al.,	2016).	This	multitude	of	influences	does	affect	

the	 body	 posture	 as	 well.	 Combining	 these	 two	 small	 effects	 does	 make	 the	

proposed	association	even	more	fragile	and	possibly	hard	to	detect.		

	

Limitations	

There	 are	 some	 limitations	 of	 both	 proposed	 studies	 with	 regard	 to	 the	

samples	and	also	conclusions	drawn	based	on	the	data.	First,	the	group	sizes	of	

Android	 and	 iOS	 differed	 in	 Study	 2.	 Comparisons	 of	 distributions	 and	 other	

analyses	 may	 therefore	 also	 reflect	 differences	 in	 sample	 size	 and	 not	 only	

differences	of	the	operating	systems	themselves.	With	regard	to	the	comparison	

of	 tilt	 values	 from	different	 devices,	 some	 caution	 also	 needs	 to	 be	 taken.	 The	

interpretation	of	 differing	 values	depending	on	 the	device	used	 relies	 on	post-

hoc	comparisons	of	 the	 tilt	data.	No	objective	 tilt-measurements	of	 the	devices	

were	carried	out	and	compared	to	the	values	returned	by	the	App.	Future	studies	

should	 implement	 this	 comparison	 of	 objectively	measured	 tilt	 in	 a	 laboratory	

setting	with	the	value	gathered	by	different	apps.		

	
	
	
Conclusion	

Smartphone	sensors	are	definitely	a	valuable	tool	to	be	taken	advantage	of	

by	researchers.	However,	the	current	article	does	highlight	a	few	obstacles	that	

have	 to	be	 considered.	 In	 general,	 software	 for	 app	development	 is	not	 geared	

towards	research	but	app	development.	This	results	in	possible	deviations	from	

scientific	 standards,	 e.g.,	 concerning	 data	 manipulation	 and	 reliability.	

Furthermore,	objective	sensors	do	promise	perfect	measurement.	However,	that	

does	 not	 guarantee	 perfect	measurement	 of	 the	 construct	 under	 investigation.	

The	operationalization	of	 the	 variables	 is	 of	 crucial	 importance,	 as	 the	 sensors	

usually	 merely	 represent	 a	 proxy	 of	 the	 actual	 variable	 of	 interest.	 Further	

research	 is	 needed	 to	 more	 closely	 link	 smartphone	 sensors	 with	 behavioral	
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phenomena	 and	 also	 investigate	 possible	 heterogeneities	 that	 might	 hinder	

reliable	measurement.	
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