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KNOWLEDGE	TRANSFER	BETWEEN	USER	INTERFACES	
	

Daniel	Wikström	
	
	

The	phenomenon	of	mental	models	has	long	been	studied	in	both	cognitive	science	and	HCI,	yet	
their	impact	in	knowledge	transfer	between	user	interfaces	are	not	as	commonly	studied.	Rarely	
are	practical	examples	of	this	phenomenon	studied	from	an	academic	perspective.	Using	a	real	
world	example,	Skatteverket’s	(Swedish	tax	authorities)	information	system	Basregister,	this	case	
study	seeks	to	explore	the	role	of	mental	models	in	knowledge	transfer	between	user	interfaces.	
Method	of	investigation	entailed	utilizing	two	design	iterations,	three	interview	phases,	and	five	
participants	employed	at	Skatteverket.	This	study	investigated	if,	and	how	much	design	elements	
from	well-known	external-	and	the	original-	system	impact	the	acquisition	of	new	mental	models	
for	the	newly	produced	user	interface	designs.	Main	results	conclude	that	both	external	and	
internal	design	elements	may	be	to	tremendous	benefit	when	the	goal	is	to	design	with	maximum	
knowledge	transfer,	as	to	reduce	cognitive	load	on	the	user.	However,	that	such	implementations	
should	be	carefully	instigate	when	designing	new	UI,	and	always	from	a	user-centric	approach.	
 
 
Mental	Models	Role	in	Knowledge	Transfer	
As	told	by	Johnson-Laird	(1980),	and	coined	in	1943	by	Kenneth	Craik,	mental	
models	are	subjective	representations	(or	schemas)	of	what	happens	in	our	
surrounding.	These	in	turn	guide	our	cognition	onto	a	subjective	interpretations	of	
whatever	system	of	interaction	we	engage	in.	The	concept	originates	from	the	field	
of	psychology	originally,	yet	with	the	rise	of	information	technology	in	the	past	
decades	its	enthusiastic	adaptation	in	cognitive	science	(Held,	Knauff,	&	Vosgerau,	
2006)	and	Human-Computer	Interaction	[HCI]	(Carroll,	1997;	Nielsen	1990),	it	has	
inspired	researchers	to	investigate	how	we	understand,	learn,	and	reason	when	
interacting	with	digital	information	architectures	(Olaverri-Monreal	&	Gonclaves,	
2014).		

An	easy	way	to	exemplify	the	concept	of	mental	models	is	to	imaging	if	you	
would	encounter	an	interaction	with	a	foreign	soda	machine.	Since	you	have	had	
experiences	with	soda	machines	previously,	you	have	the	knowledge	about	the	
general	process	of	acquiring	a	soda:	from	inserting	a	coin,	to	making	a	selection,	
and	taking	you	beverage.	Even	though	you	might	not	speak	the	foreign	language	
(and	thus	cannot	read	the	labels),	you	are	still	able	to	use	the	foreign	system	by	
transferring	your	previous	knowledge	of	a	similar	system	to	this	current	one;	
assuming	the	foreign	soda	machine	does	not	operate	too	differently.	Indeed,	it	may	
be	seen	as	a	model	that	encompasses	particular	knowledge	required	to	operate	a	
system.	When	systems	of	interaction	are	similar	enough,	such	knowledge	
structures	overlap	and	a	transfer	of	knowledge	may	occur	in	the	form	of	analogous	
reasoning	(Stagers	&	Norcio,	1993;	Held,	Knauff,	&	Vosgerau,	2006;	Kang	2005;	
Lippitsch	2003)	

Early	literature	on	cognitive	science	used	to	concern	itself	primarily	with	
the	identification,	and	particular	processes	surrounding	how	these	types	of	
knowledge	are	stored	and	accessed	(i.e.,	encoded	and	retrieved)	in	our	brains	
(Anderson	1982;	Anderson	et	al.	1998;	Byrne	2001;	Salvucci	2001).	To	make	the	
subject	of	knowledge	structures	more	communicable,	taxonomies	such	as	the	
Adaptive	Control	of	Thought—Rational	model	[ACT-R]	(Anderson	1982)	classify	
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the	different	types	of	knowledge.	At	a	surface	level,	the	types	of	knowledge	are	
clustered	into	two	major	groups:	declarative	knowledge	are	considered	as	explicit	
kinds	of	knowledge	(i.e.,	what	and	why),	while	procedural	knowledge	is	considered	
a	tacit	knowledge	(i.e.,	how)	(Anderson	et	al.	1998).	Although	the	relationship	of	
how	these	knowledge	types	work	exactly	(i.e.,	which	is	first	encoded,	and	what	
builds	on	top	of	the	other)	is	somewhat	disagreed	on	(Anderson	et	al.,	1998;	Kang,	
2005)	it	is	generally	agreed	on	that	they	both	are	needed	to	form	a	mental	model.	

More	current	research	is	focused	on	other	particularities	such,	as	how	far	
(i.e.,	difference	in	systems)	the	knowledge	is	transferred,	and	its	neurocognitive	
validation	(Kang,	2005;	Macha,	Huntera,	&	Grewal,	2010).		However,	even	though	
this	study	does	not	concern	itself	with	the	processes	underlying	knowledge	store,	
it	is	important	to	understand	how	these	function	and	are	dealt	with,	as	it	is	useful	
to	consider	for	when	designing	a	system	in	order	of	optimizing	knowledge	transfer	
between	systems. 
 
Cognitive	load 
Stemming	from	Baddeley’s	model	of	working	memory	[WM]	(1974),	cognitive	load	
describes	the	measure	of	how	one’s	WM	is	taxed;	high	cognitive	load	tasks	tax	
one’s	WM.	Its	relevance	to	mental	models	is	crucial,	especially	since	it	adds	
another	dimension	on	what	may	be	investigated	pertaining	to	knowledge	transfer	
between	two	systems.	Cognitive	load	reduction	is	commonly	adapted	in	system	
design,	such	as	user	interfaces	as	another	method	of	easing	transitions	between	
user	interfaces,	this	is	achieved	by	adhering	to	good	design	principles	often	
referred	to	as	design	heuristics	(Nielsen,	1990).	HCI	and	cognitive	science	
literature	(Benyon,	2014;	Macha,	Huntera,	&	Grewal,	2010)	supports	that	less	
reliance	on	the	user’s	ability	to	recall	will	yield	a	more	efficient	and	pleasurable	
interaction	with	systems.	This	being	due	to	our	memory	retrieval	capabilities	are	
superior	for	recognition	over	recall,	and	less	taxing	on	our	working	memory	
inducing	less	cognitive	load	on	the	user	(Nielsen,	1994).	This	is	a	primary	reason	
why	user	interface	[UI]	designs	usually	adhere	to	standards,	such	as	the	ISO	9241	
of	The	International	Organization	for	Standardization	(Abran,	Khelifi,	and	Suryn,	
2003),	enforcing	some	recognizable	principle	design	elements	for	certain	systems.	
In	theory,	this	allows	designers	in	principle	to	lower	the	total	cognitive	load	users	
are	subjugated	to	while	interacting	with	a	UI	(e.g.,	recognition	over	recall,	
minimalist	design,	etc),	but	also	by	adhering	to	certain	structures	an	overlap	of	
different	knowledge	needed	to	operate	distinct	systems	becomes	a	product	of	such	
implementations.	Thus,	the	knowledge	within	one	mental	model	is	transferred,	or	
migrated	into	the	formation	of	the	next	by	shorting	the	knowledge	gap	that	would	
exist	otherwise	(Benyon,	2014).	Indeed,	it	may	be	seen	how	adherence	to	such	
design	principles	also	entail	a	transfer	of	knowledge	from	a	well-known	mental	
model	of	a	system	to	an	inherently	new	design	if	knowledge	overlaps	are	well	
thought	out	during	the	design	phase.	

In	a	study	investigating	the	cognitive	load	based	on	interactions	with	self-
driving	vehicle’s	user	interface,	it	was	found	that	more	consistency	in	design	was	
required	as	a	function	of	cognitive	load	increase,	hence	adhering	to	standards,	or	
rather	generally	being	consistent	in	the	design,	was	observed	as	a	crucial	factor	to	
reduce	cognitive	load	(Yelizarov	and	Gamayunov,	2014).	Essentially,	what	is	
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considered	in	practical	work	is	the	general	design	principle,	less	cognitive	load	
(e.g.,	distractors,	difference	in	design	elements,	foreign	interaction	elements)	the	
easier	to	learn,	and	interact	with	the	system. 
 
User	interfaces 
Any	digital	system	which	is	interacted	upon	by	humans	has	a	user	interface	(UI)	
and	to	make	sense	of	it	we	use	mental	models.	Thus,	designing	a	UI	is	essentially	
designing	the	platform	for	interaction	with	the	system,	this	is	the	point	where	the	
designer	has	to	consider	how	the	user	might	have	maximum	interaction-ability.	Of	
course	such	depends	on	the	major	factor	of	how	efficiently	the	user	learns	the	UI,	
“learnability”.	As	may	be	deduced	from	the	rational	in	the	previous	section,	
building	on	top	of	pre-existing	mental	models	is	a	great	way	to	utilize	already	
stored	knowledge	for	learning	purposes	of	a	new	UI,	as	it	reduces	the	effort	
exerted	to	process	amount	of	new	knowledge	that	is	required	for	operating	the	
new	system.	 

More	recent	HCI	publications,	have	looked	deeper	into	the	neurological	
aspect	of	interface	design	(Macha,	Hunter,	&	Grewalc,	2010),	not	only	supporting	
the	concept	of	mental	models	(i.e.,	schemas)	with	empirical	evidence	but	also	
confirming	interaction	design	strategies	already	utilized	in	HCI	practice:	Cognitive	
load	reduction,	design	by	metaphors	and	break-down	(Benyon,	2014).	In	this	
particular	study	(Macha,	Hunter,	&	Grewalc,	2010)	neurophysiological	correlates	
of	different	UI	design	(i.e.,	quantitative	electroencephalogram)	were	tested	on	
subjects	to	study	their	activation	patterns	during	the	interactions	with	new	UI.	It	
was	found	that	when	interacting	with	new	layouts	or	order	of	tasks,	differences	in	
activation	patterns	were	produced.	The	more	similar	the	UI	the	more	of	the	
previous	areas	were	synchronized	with	the	new	areas,	thereby	supporting	the	fact	
that	an	analogous	learning	was	occurring.	While	inherently	different	UIs	caused	a	
larger	desynchronization	with	internal	models	(i.e.,	mental	models),	indicating	
different	cognitive	patterns,	which	puts	the	user	under	greater	cognitive	load	to	
process	than	a	UI	design	that	would	have	been	more	similar	to	the	previous.	 

It	may	be	understood	then	that	prior	knowledge	aids	substantially	when	
forming	new	mental	model	of	a	system.	But	what	does	one	do	when	there	is	no	
prior	knowledge	to	draw	from,	or	if	the	requirements	imposed	on	the	design	of	a	
new	system	makes	it	hard	to	maintain	much	of	the	similar	elements	in	a	new	
version? 

Such	cases	are	of	particular	interest	of	this	study,	namely	the	distance	of	
which	the	mental	model	(i.e.,	certain	set	of	procedural	and	declarative	knowledge)	
is	transferred;	so	the	less	prior	knowledge	and	the	farther	the	transfer	distance,	
the	higher	the	risk	of	building	“an	inadequate	mental	model	of	a	[system]”	(Kang,	
2005).	As	mentioned	thus	far,	in	such	special	cases	two	apparent	choices	would	be	
at	disposal,	on	one	hand	you	could	design	the	UI	so	that	it	retains	and	mimics	the	
previous	system	as	much	as	possible,	to	a	certain	extent.	The	other	choice	would	
be	to	utilize	design	elements	from	extrinsic	(i.e.,	other	systems)	UI	that	the	user	is	
already	strongly	familiar	with.	More	recent	studies	of	adult	brain	plasticity	(Noack	
et.	al.,	2009)	support	distant	knowledge	transfer,	when	there	are	significant	
similarities	between	the	domain	knowledge	of	either	system.	The	Noack	and	
colleagues	(2009)	study	does	not	pertain	specifically	to	mental	model	transfer	
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between	user	interfaces,	but	as	the	area	of	extrinsic	knowledge	transfer	of	mental	
models	are	lacking,	an	inference	may	be	made	from	this	particular	type	of	finding,	
in	regards	to	transferred	knowledge	from	previous	extrinsic	mental	models	to	new	
systems.	By	inference,	this	then	further	supports	the	basis	that	these	design	
elements	would	in	such	case	need	to	originate	from	a	system	that	has	a	certain	
degree	have	similar	kind	of	interactions,	which	respond	to	the	domain	knowledge	
of	the	original	system.	An	example	of	one	such	element	in	the	case	of	this	study	is	
the	application	of	a	search	engine	to	an	information	system	that	does	not	have	one	
in	its	current	design. 

Design	changes,	such	as	adding	a	search	engine,	to	an	information	system	
may	improve	usability	with	the	UI.	Perhaps	even	the	learnability	of	the	new	system	
could	improve,	by	drawing	knowledge	transfer	from	extrinsic	sources,	or	through	
the	cognitive	load	reducing	capabilities	of	such	technologies	one	may	improve	the	
user's	ability	to	learn	and	adapt	(i.e.,	correct	mental	model	formation)	of	the	new	
system.		

One	such	conceptual	extrinsic	knowledge	is	the	concept	of	user	profiles	and	
adaptive	interfaces.	By	implementing	an	adaptive	user	interface	[AUI]	(Schneider-	
Hufschmidt,	Kühme,	&	Malinowski,	1993),	systems	may	vary	in	complexity	(i.e.,	
amount	of	information	displayed	per	user).	This	could	be	achieved	by	utilizing	an	
intelligent	agent	(an	autonomous	entity	which	perceives	and	acts	towards	a	goal,	
based	on	changes	of	its	environment)	(Russell	&	Norvig,	1995),	which	decides	what	
relevant	changes	need	to	be	made	in	an	interface	(i.e.,	what	should	be	displayed)	
depending	on	what	user	is	logged	on,	or	what	input	is	made.	One	way	achieve	such	
simple	AUI	is	by	utilizing	user	profiles	(digital	representation	of	a	user’s	relevant	
information).	For	example,	by	creating	user	profiles	different	information	is	
available	depending	on	what	the	intelligent	agent	of	the	system	deems	relevant,	a	
user	may	also	then	experience	differences	in	interface	layout	and	output	
depending	on	their	input.	
	
User	Experience	and	Efficacy	as	Measure 
User	experience	and	interaction	efficacy	is	a	commonly	studied	topic	within	HCI,	
usually	categorized	as	flow	experience	(Ho	&	Kuo,	2010;	Pace,	2004).	Literature	
pertaining	to	perceived	efficacy	of	using	the	interface	and	self-perceived	
interaction	“flow”	has	been	shown	to	correlate	strongly	with	the	general	positive	
experience	interacting	with	systems	(Garrity	&	Sanders,	1998;	Hoffman	et	al.	
1996).	Even	more	current	studies	account	a	good	attitude	of	interface	satisfaction,	
as	a	reliable	“antecedent	variable	...[to]	knowledge	learning”	(Kang,	2005,	p.42),	
thus	it	may	be	inferred	that	perceived	self-efficacy	with	a	new	system	indicates	
support	for	a	better	learning	in	UI.	In	other	words,	general	efficacy	and	positive	
user	experience	interacting	with	a	system	may	be	indicative	of	a	system	that	has	
better	learning	potential,	and	thus	a	platform	of	easier	knowledge	transfer.	
 
Case	Study	-	BAS 
It	is	not	uncommon	that	large	organizations	use	information	systems	[IS]	for	
managing	and	storing	large	quantities	of	data,	this	is	inherently	the	case	for	
governmental	branches	such	as	the	Swedish	tax	authority,	Skatteverket.	It	is	of	this	
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case	studies	task	to	explore	and	aid	in	conceptualizing	a	more	user	friendly	version	
of	Skatteverket’s	information	system	software,	Basregister	[BAS].	 

Current	issues	with	BAS	are	in	multitude,	as	it	has	not	been	updated	since	
1998.	End-users	(people	whom	the	program	is	primarily	intended	for)	as	well	as	
stakeholder	(i.e.,	tester	and	developers	of	the	system)	have	issued	usability	
complaints.	It	is	important	to	distinguish	between	end-users	and	stakeholders,	as	
each	interact	with	BAS	differently.	While	end-users	are	people	who	utilize	the	
program	for	the	purpose	of	which	it	was	built;	stakeholders	are	merely	concerned	
with	the	program	from	multiple	other	standpoints	(i.e.,	developing	and	testing).	In	
other	words,	the	program	is	explicitly	designed	for	the	end-users	who	use	it	
directly	according	to	the	intended	usage,	and	as	part	of	their	jobs.	On	the	other	
hand,	a	stakeholder	is	someone	or	an	entity	who	works	in	conjunction	with	
program,	this	may	be	anyone;	from	a	developer	programing	it,	the	owner	of	the	
program	(i.e.,	Skatteverket),	all	the	way	down	to	a	tester.	Essentially,	a	stakeholder	
is	a	general	term	used	to	describe	anyone	or	anything	that	has	a	vested	interest	in	
the	software,	but	whom	the	program’s	main	functions	are	not	primarily	designed	
for.	

Developments	of	the	program	have	been	ongoing	with	little	communication	
between	end-users	and	stakeholders,	leading	to	the	lack	of	user-centered	design	
developments	(design	implementations	considered	from	the	end-user’s	perspective)	
(Benyon,	2014).	Furthermore,	the	training	of	the	BAS	system	is	solely	based	on	
predecessors	(i.e.,	experienced	end-users)	teaching	their	knowledge	operating	the	
system	to	the	new	employees.	Since	there	are	no	standardized	guidelines	for	
learning	the	system,	such	as	a	user-manual,	mental	model	formations	are	
influenced	by	the	user	training	beginners.	Moreover,	end-users	utilize	BAS	in	
conjunction	with	other	programs	in	their	daily	duties,	yet	this	has	not	been	
considered	when	developing	the	program.	The	system	has	been	reported	to	be	
rigid	and	over	stimulating	at	times.		

As	one	may	see,	BAS	has	many	issues	that	are	common	to	most	outdated	IS	
software;	it	is	believed	that	the	usability	issues	stem	from	its	non-user	friendly	
interface,	which	is	putting	a	greater	cognitive	load	on	its	users	due	to	its	inefficient	
design.	 

Reducing	cognitive	load	is	commonly	done	by	leaning	out	redundant	
information	and	interaction	elements	of	a	software,	which	is	a	difficult	task	
(Nielsen,	1990).	However,	the	general	idea	to	achieve	this	is	by	cutting	such	
excessive	information	(i.e.,	large	repetitive	chunks	of	text,	unnecessary	amounts	of	
clicks/steps,	and	other	over-stimulating	elements).	One	way	to	tailor	and	present	a	
minimalist	UI	is	by	implementing	adaptive	user	interface	[AUI]	(Schneider-	
Hufschmidt,	Kühme,	&	Malinowski,	1993).	As	mentioned	earlier	it	cuts	excess	by	
only	presenting	the	relevant	information	based	on	context. 

As	discussed	previously	one	core	aspect	of	efficient	and	successful	
transition	between	UI	is	heavily	determined	by	its	learnability;	usually	achieved	
through	usability	implementation	techniques,	but	also	heavily	determined	by	the	
transfer	of	existing	knowledge	of	system	interactions	(i.e.,	intrinsic	as	well	as	
extrinsic)	in	the	process	of	learning	to	operate	a	new	UI.	Furthermore,	as	
mentioned	earlier,	extrinsic	knowledge	transfer	from	similar	systems	may	evoke	a	
more	efficient	and/or	easier	UI	transition.	One	source	of	such	strong	and	reliable	
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extrinsic	mental	model	are	information	retrieval	systems	such	as	Google	search	
engine,	as	its	interaction	is	almost	daily	for	most	internet	users.	Implementing	its	
function	to	replace	cognitively	taxing	interactions	of	the	current	version	of	BAS	
may	not	only	allow	for	better	learnability	(i.e.,	extrinsic	knowledge	transfer),	but	
also	improve	usability	of	the	new	design	as	it	shortens	interaction	steps	of	a	
certain	process,	thus	reducing	the	cognitive	load,	and	increase	the	user	experience	
of	the	system. 

Previous	studies	indicate	how	mental	models	are	utilized	when	people	
interact	with	UI	(i.e.,	websites),	such	as	noted	by	Spence	(1999).	However,	these	
mental	models,	in	the	frame	of	learning	of	UI,	are	usually	understudied	and	miss	to	
account	for	a	distinct	psychological,	or	rather	a	cognitive	framework	as	proposed	
by	Alavi	et	al.	(2001)	(as	cited	by	Kang,	2005,	p.11-12).	 

As	the	concept	of	mental	models	and	its	process	of	knowledge	transfers	
interacting	with	UI’s	are	cognitive	phenomenon	these	are	studied	utilizing	both	
qualitative	(Muramatsu	and	Pratt,	2001)	and	quantitative	(Macha,	Huntera,	&	
Grewal,	2010;	Yelizarov	and	Gamayunov,	2014)	approaches.	In	order	not	to	forego	
context	rich	information	on	this	phenomenon	a	qualitative	approach	was	chosen	
for	this	study. 

The	current	thesis	is	a	case	study	on	Skatteverket’s	BAS	system,	the	agenda	
is	particularly	focused	on	exploring	the	role	of	mental	models	in	UI	transition.	
Choice	regarding	adopting	this	study	approach	was	made	as	it	allows	for	a	freedom	
of	simultaneously	explore,	describe,	and	explain	the	phenomenon	of	interest	using	
a	real	world	situation	(Yin,	2009).	In	addition	of	being	a	“preferred	qualitative	
research	method	when	how	and	why	questions	are	posed.	.	.		[it	is	also	suitable	
when]	the	investigator	has	little	control	over	the	event,	and	the	focus	is	on	a	
contemporary	phenomenon	within	a	real-life	context”	according	to	Yin	(2009)	(as	
cited	in	Baškarada,	2013,	p.	2).	 
	
Research	Objectives 
As	mentioned	above,	issues	pertaining	to	BAS’	usability	are	in	great	numbers.	
These	are	believed	to	stem	from	the	lack	of	user-centered	design	in	the	
development	of	the	software.	The	main	objective	of	this	case	study	is	to	explore	
such	issues	through	a	qualitative	approach,	with	an	agenda	of	identifying	
suggestions	on	how	a	new	and	more	user	friendly	UI	may	be	developed	for	this	
endeavor.	Furthermore,	this	case	study	seeks	to	explore	what	factors	might	
influence	such	a	transition,	especially	with	a	particular	focus	on	the	concept	of	
mental	models. 

To	achieve	the	main	objective,	guiding	questions	will	be	posed,	such	as:	how	
much	similarity	to	the	current	system’s	UI	is	needed	to	ease	the	learning	of	a	new	
UI?	If	the	implementation	of	a	hybrid	design	approach,	utilizing	extrinsic	as	well	as	
intrinsic	mental	models,	would	promote	a	synergistical	effect,	and	thus	a	more	
effective	knowledge	transfer?	Or	perhaps	a	more	differently	designed	UI,	using	a	
greater	ratio	of	extrinsic	mental	model	adaptations	would	yield	a	better	design	
choice? 

These	questions	are	sought	to	be	evaluated	through	the	scope	of	main	
variables,	such	as:	self-perceived	efficacy	interacting	with	the	system,	concept	
grasping	of	elements	in	the	new	design,	and	perceived	general	user	experience.	
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Utilizing	a	deductive	thematic	analysis,	the	study	will	also	seek	to	uncover	what	
other	variables	may	influence	transition	of	UI	in	this	context. 

Finally,	it	is	hypothesized	that	perception	of	lower	cognitive	load	will	
indicate	better	user	experience.	Furthermore,	it	is	of	the	current	researcher’s	belief	
that	a	hybrid	implementation	of	intrinsic	and	extrinsic	elements	will	yield	the	best	
knowledge	transfer	(as	evaluated	by	self-perceived	efficacy	and	user	experience).	
Lastly,	that	the	use	of	elements	from	strong	extrinsic	mental	models	(i.e.,	other	
systems)	may	aid	in	learning	the	new	UI.	
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Methods	
 

Participants 
Two	(2)	end-users	(male	age	26;	female	age	28)	were	interviewed	remotely	in	
Skellefteå	through	Skype	at	two	occasions:	firstly,	a	Contextual	Inquiry	(Beyer	&	
Holtzblatt,	1999)	interview,	and	then	later	for	an	unstructured	interview	(Example	
question:	“What	would	you	do	when	met	with	this	page?	What	would	Lena	think	
about	it?”).	End-users	held	the	title	of	tax	managers	(Skattehandläggare).	
Furthermore,	three	(3)	stakeholders	(tester	age	52,	developer	age	44,	developer	
age	45,	all	female)	attended	an	unstructured	group	evaluation	interview,	
scheduled	at	a	separate	occasion	between	the	aforementioned	interviews.	All	five	
participants	were	employed	at	Skatteverket	(see	Table	1).	Both	end-users	and	
stakeholders	have	vast	amounts,	and	most	importantly,	different	types	of	
knowledge	regarding	the	program,	and	are	thus	utilized	in	this	study	for	such	
purpose.	For	the	end-user	evaluation	interviews	and	the	group	interview,	mock-up	
slides	were	used;	BAS	1.5	(see	Figures	2	and	4),	and	BAS	2	(see	Figures	7,	10,	12-
18).	Additionally,	during	the	group	interview	a	Goal	Orientation	Method	Selection-
rule	[GOMS]	model	(see	Appendix	A	and	B	for	either	GOMS	model)	that	mapped	
the	end-users	in-system-use	(observed	during	contextual	inquiry)	was	utilized. 
	
Table	1 
Participants	and	interviews 

Participants Interview	format Interview	method 

	
	

End-user			(P1) 

	
	

Skype 

	
Contextual	Inquiry, 
Unstructured 

evaluation	interview 

	
End-user			(P2) 

																			 
Skype 

Contextual	Inquiry, 
Unstructured 

evaluation	interview 

	
Tester								(P3) 
Developer	(P4) 
Developer	(P5) 

	  
	

Workshop 

 
Unstructured 

group 
evaluation 

Note.	Table	of	participants	and	interview	format	and	method.	(P)	Participant, 
numbers	correspond	to	identification	of	participant. 
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Materials/Apparatus	Description 
Skype-	A	commonly	used	chat	program	with	video,	audio,	text,	and	remote	desktop	
projection	capabilities.	During	both	interviews	Skype	was	used:	at	the	first	
interview	the	end-user’s	desktop	was	projected	and	recorded,	while	during	the	
mock-up	evaluation	interview	the	current	author’s	display	was	projected	(as	part	
of	demonstrating	the	mock-up).	Evaluation	sessions	were	recorded,	transcribed,	
and	analyzed. Adobe	Captivate	8	CC	-	Platform	used	for	E-learning	purposes,	in	this	
study	it	was	used	to	record	the	Skype	interview	sessions.	Windows	Visio	2016	is	a	
flowchart	program	that	was	used	to	produce	the	extended	GOMS	model.	Axure	RP	
is	a	digital	prototyping	tool	that	was	used	to	make	the	mock-ups. 
 
Data	collection 
Data	collection	was	done	at	the	headquarter	of	the	Swedish	tax	authorities	
(Skatteverket)	IT	department	in	Umeå	and	Skellefteå.	The	initial	phase	consisted	of	
the	interview	method	referred	to	as	Contextual	inquiry	[Beyer	&	Holtzblatt,	1999],	
intended	to	give	insights	regarding	the	current	mental	models,	as	well	as	to	guide	
the	production	of	two	UI	mock-ups	(i.e.,	picture	designs),	which	were	later	used	in	
the	evaluation	phase	of	the	study. 

Contextual	inquiry	is	a	method	used	quite	commonly	in	contextual	design	
(Alter,	2014;	Beyer	&	Holtzblatt,	1999;	2015),	the	primary	objective	of	contextual	
design	is	to	investigate	user	behavior	with	particular	focus	on	the	user’s	external	
environment.	In	other	words,	the	focus	is	to	understand	if	and	how	the	user	is	
using,	or	being	impacted	by,	their	immediate	environment	(digital	or	physical)	
while	interacting	with	the	system.	Thus,	the	design	that	is	attained	would	be	not	
only	centered	around	the	user,	but	also	account	for	his	or	her	context. 

The	current	study	utilized	a	modified	version,	where	the	participants	were	
instructed	to	perform	a	commentary	of	their	system	interactions.	The	commentary	
included,	but	was	not	restricted	to,	any	kind	of	operation	(i.e.,	interaction),	goals	
and	intentions	surrounding	that	operation,	any	opinions,	and	reactions.	
Additionally,	an	explicit	remark	was	made	to	the	interviewee	to	mention	their	
digital	environment	(e.g.,	programs	and	tools	used	and/or	running	in	the	
background),	in	addition	to	any	interaction	with	their	physical	environment.	They	
were	told	to	mention	if	they	switched	between	programs,	or	if	they	used	or	
interacted	with	anything	in	their	physical	vicinity. 

Since	the	users	interact	with	multiple	programs	in	conjunction	with	
Basregister,	the	digital	environment	was	seen	as	a	potentially	significant	factor	in	
their	mental	model	conceptualization.	Furthermore,	the	physical	environment	
could	also	be	interesting	as	the	user	could	perhaps	utilize	physical	tools	(i.e.,	taking	
notes)	in	conjunction	to	their	use	of	Basregister.	For	this	study,	a	significant	and	
very	frequent	work	task	of	the	end-users	was	analyzed;	entity	tax	registration	
“företagsregistrering”.	 
	 The	end-user’s	interactions	were	modeled	utilizing	an	extended	approach	
of	GOMS	(John,	&	Kieras,	1996).	Often	utilized	in	computer	software	design,	GOMS	
(Goals,	Operations,	Methods,	Selection	rules)	is	a	modelling	method	used	to	
understand	user	behavior	interacting	with	systems.	Since	the	objective	of	this	
study	was	to	ascertain	the	mental	model	of	the	users,	this	approach	was	extended	
to	encapsulate	not	only	what	is	encompassed	by	GOMS,	but	also	to	capture	the	
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intentions,	reactions	(e.g.,	frustrations,	surprise,	etc),	and	opinions	(e.g.,	past	
experiences,	preferences,	etc)	as	such	components	could	lend	the	ability	to	
interpret	their	mental	models.	Using	these	as	a	guide	two	mock-up	of	BAS	were	
designed	(i.e.,	BAS	1.5	and	BAS	2). 
	 The	second	phase	of	data	collection	was	conducted	as	an	unstructured	
group	interview	with	the	stakeholders	(i.e.,	a	tester,	and	two	developers),	using	the	
GOMS	model	as	a	real	world	model	of	end-user	interactions	with	the	program.	This	
phase	served	to	evaluate	the	two	mock-ups	using	the	stakeholders	in	depth	
knowledge	of	the	system,	from	the	end-user’s	perspective. 

Lastly,	the	two	mock-ups	were	evaluated	by	the	end-users.	The	evaluation	
session	was	conducted	on	Skype;	by	remotely	projecting	the	current	authors	
display	to	the	end-user’s,	thus	the	end-users	gained	access	to	the	mock-ups	and	
were	guided	through	them.	During	the	interview	a	persona	was	used	in	
conjunction	with	the	mock-ups	as	a	way	to	implore	how	the	end-users	believed	a	
new	employee	(BAS	beginner	user)	would	interpret	these	designs.	The	persona	
was	named	Lena,	who	had	the	same	employment	status	as	the	end-users,	with	the	
exception	of	being	newly	employed	and	inexperienced	with	the	system.	The	
persona	was	explicitly	used	as	a	sort	of	primer;	allowing	the	user	to	regard	the	
program	through	an	inexperienced	user’s	perspective,	instead	of	asking	the	user	
forcing	themselves	into	imagining	how	it	would	be	interacting	with	the	system.	It	
was	thought	that	a	persona	may	eliminate	the	need	for	such	self-projection	and	
possibly	remove	personal	(e.g.,	cognitive)	bias.	In	addition,	it	is	important	to	note	
that	the	use	of	“Lena”	was	not	the	sole	perspective	of	inquiry,	but	that	the	user	was	
also	asked	to	evaluate	based	on	their	own	opinion,	after	providing	the	persona-
perspective	(order	was	chosen	so	personal	opinions	would	not	conflict	or	
confound).	Moreover,	the	use	of	persona	was	implemented	also	on	the	basis	of	
restricted	access	to	end-users	at	the	workplace;	of	course	new	and	unexperienced	
(i.e.,	BAS,	not	work	knowledge)	employees	would	have	been	favored,	but	also	very	
hard	to	procure	at	any	worksite.	Hence,	the	use	of	persona	was	implemented	as	the	
most	viable	solution	for	this	study.	Each	mock-up	was	presented	according	to	how	
discrepant	it	was	from	the	current	UI,	with	the	most	different	mock-up	presented	
last	(Bas	1.5,	and	respectively	BAS	2). 

The	mock-ups	were	used	instead	of	a	functional	prototype;	the	agile	
prototyping	approach	was	intentional	since	it	lends	more	control	conducting	the	
interview	from	a	remote	location,	and	was	also	implemented	to	save	time. 

Unstructured	format	was	prioritized	before	semi-structured	and	fully	
structured	interview	method	as	it	would	allow	for	a	more	natural	conversational	
flow,	and	thus	make	the	participant	more	comfortable	during	such	evaluation.	In	
addition,	it	was	believed	to	reduce	any	bias	the	investigator	might	have	had	for	a	
certain	response	during	the	evaluations.	

	
Analysis 
Data	analyses	were	made	by	utilizing	a	deductive	thematic	analysis	(Clarke	&	
Braun,	2014;	Kvale	&	Brinkmann,	2009;	Yin,	2009)	from	transcriptions	of	the	two	
interviews	and	the	GOMS	model.	Thematic	analysis	was	chosen	since	it	allows	for	a	
flexible	approach	in	the	analysis	of	qualitative	data	from	different	types	and	
sources	of	the	entire	data	set	(Clark	&	Braun,	2014).	Another	reason	for	this	
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particular	analysis	was	due	to	the	study	conditions	(i.e.,	a	case	study	at	a	
governmental	organization	that	handles	sensitive	information	of	Swedish	citizen)	
only	allowed	for	a	small,	constricted,	and	highly	censored	data	corpus	gathering;	
thus	thematic	analysis’	strength,	which	prioritizes	relevance	of	data	gathered	over	
quantity	was	thought	as	an	applicable	choice. 
	 As	noted	by	Clark	and	Braun	in	their	guide	of	thematic	analysis	(2014),	one	
of	thematic	analysis’	strength	lies	in	its	ability	to	neither	being	theory	dependent	
nor	completely	detached	(p.4-5),	which	lends	this	study	the	ability	to	both	take	a	
deductive	approach	in	the	interpretation	of	data	in	relation	to	theory,	as	well	as	a	
descriptive	method	in	the	analysis	of	data	using	a	semantic	approach	(p.12-13).	It	
should	be	mentioned	that	the	reports	of	the	findings	are	from	an	
essentialist/realist	approach;	reporting	the	data	extracts	at	a	face	value	without	
attaching	too	much	of	the	investigators	own	interpretation.	 

Thematic	analysis	consists	of	six	phases	according	to	Clarke	and	Braun	
(2014):	Familiarization	with	data,	generating	initial	codes,	searching	for	themes,	
review	themes,	defining	and	naming	themes,	and	finally	producing	the	report. 

The	entire	data	corpus	(i.e.,	GOMS	model,	group	interview	data,	and	
evaluation	data)	was	first	familiarized	by	going	through	it	multiple	times	and	then	
coded,	using	a	descriptive	code/label	into	short	sentences	or	keywords,	
accompanied	with	memos	(user	for	triangulation	later).	 

Candidate	themes	were	formed	by	collating	relevant	initial	codes	
(accompanied	by	data	extracts).	Such	selected	based	on	relationships	between	
codes,	each	other,	and	different	levels	between	each	other. 

Candidate	themes	were	reviewed	multiple	times,	some	collapsed	(if	too	
similar),	others	were	broken	apart	(if	too	divergent),	the	rest	were	discarded	
(when	not	enough	observed	data	supported	it	as	a	reliable	theme). 

Last	step	in	this	phase	(“level	two”)	was	to	review	the	validity	of	each	
candidate	theme	as	compared	to	the	entire	data	set,	this	was	done	to	establish	if	
and	how	well	it	represented	the	whole	data	set	(Clarke	&	Braun,	2014,	p.21).	 

This	whole	process	was	cycled	until	no	more	significant	data	could	be	
found.	To	visually	represent	the	analyzed	themes,	categories	and	codes,	a	thematic	
map	was	created	for	each	theme,	this	was	reiterated	throughout	the	entire	analysis	
as	a	visual	representational	aid	to	concretize	the	process	(see	Figure	1	for	an	
example	of	‘Mental	Model	Migration’	thematic	map).	At	the	end	of	it	five	(5)	
overarching	themes	were	had	(see	Table	2	for	taxonomy	of	categories	and	
themes),	comprised	of	nine	(9)	categories,	each	being	explicitly	divergent	from	
each	other,	yet	internally	consistent.	In	addition	to	these	steps,	to	even	further	
trustworthiness	and	internal	validity	of	the	findings,	triangulation,	the	evaluation	
of	analysis	from	multiple	viewpoints,	data	sets,	and	data	items	was	ensued	in	this	
study	(Baskarada,	2013,	p.	5).	
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Figure 1. Thematic map example - Mental model migration, extrinsic and intrinsic knowledge 
transfers sorted in range of semantic (i.e., terminology), elements (i.e., iconography/visuals), 
and concepts. Connected words are representations of some identified codes that make the 
categories. Two-way arrows illustrate interconnected relations as noted by participants. This 
figure aids to visually conceptualize theme of mental model migration. 
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Table	2 
 
Taxonomy	Themes	and	Categories 

Themes Categories 

	
	
MMM 

	
Intrinsic	model	migration	-	Transfer	from	previous/old	BAS.	
	
Extrinsic	model	migration	-	Transfer	from	other	extrinsic	
system,	explicitly	defined	as	search	engine	or	other	mentioned	
systems. 

 
	
Interaction 

	
Efficacy	-	Ease	of	use	interacting	with	system. 
	
User	Experience	-	The	general	(i.e.,	pleasurable)	feeling	
associated	to	interaction(s)	with	the	system. 

	
	
Insight 

Concept	grasping	-	The	ability	to	understand	correctly	what	
concept,	process,	interaction,	or	system	does	accordingly	to	
what	designer	has	in	mind	(i.e.,	conceptual	model). 
	
Disconnect	-	Inability	to	grasp	the	concept,	process,	interaction,	
or	system. 

	
	
	
	
	
Intersection 

 
Inhibition	-	The	inhibition	of	understanding	what	two	(or	more)	
sets	of	elements	(e.g.,	buttons,	text	fields,	windows,	etc...)	may	
be	intended	for,	only	as	a	result	of	a	foreign	element	that	is	in	its	
vicinity.	Does	not	account	for	other	dissociation,	or	reverse.	
(e.g.,	Foreign	not	being	recognize	-see	Disconnect). 
	
Synergy	-	The	synergy	between	two	(or	more)	elements,	
promoting	the	ability	to	understand	what	the	foreign	element	
does	due	to	the	known	element(s). 

 

	
Suggestions 

User	requirements	-	The	understanding	of	what	end-user	needs	
or	explicitly	does	not	want,	as	a	whole	from	the	system	when	
interacting	with	the	system. 
 
Modification	-	Modification	of	current	design. 
	
New	implementations	-	Addition	to	design	that	does	not	exist. 

Note.	Table	of	theme	and	categ5ry	taxonomies.	MMM	–	Mental	Model	Migration. 
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Result 
 
What	follows	is	an	account	of	the	findings	from	the	end-user-	and	group-evaluation	
interviews	conducted	as	a	part	of	this	study’s	investigation.	Although	the	data	
corpus	is	quite	vast,	the	findings	below	are	data	extracts	selected	from	a	data	set	
seen	to	fit	the	scope	of	this	study	accordingly	to	the	realist/essentialist	
methodology	of	thematic	analysis	(see	methods	section).	Thus,	presented	in	five	
section	(and	9	subsection),	representing	the	major	themes	(see	Table	2)	explored	
from	the	relevant	perspective	of	the	current	study. 
	
Mental	Model	Migration 
	
Intrinsic	migration 
Upon	first	encounter	(see	Figure	2)	with	the	BAS	1.5	participants	seemed	to	notice	
distinct	changes	with	the	user	interface	[UI];	among	most	reactions	seemed	to	be	
the	difference	in	iconography.	When	further	prompted	to	identify	these,	some	
participants	reported	that	they	seemed	to	understand	what	the	icons	meant,	
others	seemed	to	be	reluctant,	or	unsure	of	what	it	could	be. 
 

Figure 2. BAS 1.5 - Start screen.  
	
“I	see	tabs	instead	of	icons,	and	they	seem	to	be	the	same	workspaces	that	you	
could	access	from	BAS	1,	but	just	in	this	shape	and	with	text	written	on	it”	(P1) 
However,	as	mentioned,	another	participant	did	not	seem	to	understand	certain	
aspects.	One	participant	remarked	confusion	regarding	an	icon.	
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“I	would	do	[it]	just	like	previous	BAS	[1].	The	key	icon	copies	information,	but	I	
am	not	really	sure	what	the	floppy	disc	[save	icon]	does…	Does	it	save	the	page	like	
a	screenshot?”	(P1). 
 

 
Figure 3. BAS 1 - Start screen, key information “fill”, and respectively “paste” in the top right. 
Note. lines and labels are not part of the BAS 1 UI. 
 
When	being	asked	to	describe	the	second	mock-up	slide	(see	Figure	4)	of	Bas	1.5,	
participants	started	to	recount	what	they	could	see	and	how	it	differed	from	the	
previous	version	(i.e.,	BAS	1),	often	the	answers	would	seem	to	remarking	upon	
the	spatial	difference	or	similarity	rather	than	other	accounts,	such	as	color,	size	or	
even	wording. 
 

 
Figure 4. BAS 1.5 - Entity registration page (företagsregistrering). 
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“You	can	see	[the]	management	code	(handläggnignskod)	[section]	which	is	
entered	at	the	moment.	You	see	the	phone	numbers	and	entity	associations	being	
on	the	same	spot…	I	guess	that	is	balance	of	bookings,	it	is	on	a	different	place,	a	
little	more	to	the	right	in	the	current	BAS,	if	I	remember	correctly…”	(P2). 
 

 
Figure 5. BAS 1 - Entity registration page (företagsregistrering). 
 
Whereas	most	participants	seemed	to	indicate	that	there	was	something	missing	in	
this	particular	view,	not	all	were	able	to	pinpoint	what	exactly.	The	missing	piece,	
or	the	‘spatial	void’	used	to	be	occupied	by	an	unregistering	section	in	BAS	1	(see	
Figure	5).	Both	participants	seemed	to	indicate	that	there	was	something	that	was	
missing,	although	only	one	was	successful	in	deducing	what	exactly. 
	
“It	feels	like	something	in	this	view	is	missing	[from	BAS	1]	…	But	I	cannot	figure	
out	what	is	removed.	.	.	‘until	date’	is	removed	from	the	Value-Added	Tax	[VAT]	
(MOMS)	and	employer	section.	So	you	cannot	unregister	in	this	view!”	(P2). 
	
Extrinsic	Migration 
The	differences	between	the	UI	of	BAS	1,	BAS	1.5,	and	BAS	2	are	varying.	
Nevertheless,	difference	is	noticeable,	these	was	often	contrasted	with	BAS	1.	
When	the	differences	were	familiar	it	was	often	remarked	upon	if	these	were	
recognized	from	other	(extrinsic)	systems	that	the	participants	have	encountered	
before.	One	participant	commented	the	following	for	BAS	1.5	(see	Figure	4). 
	
“It	looks	like	old	BAS	[1],	but	with	less	amounts	of	text	fields	on	the	workspace,	no	
icons	or	buttons	on	the	top,	but	tabs.	Looks	like	the	tabs	on	web	browsers”	(P1). 
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Figure 6. Chrome - Web browser tabs (Google®, 2017). 
 
One	of,	what	seemed	the	most	confident	remarks	was	in	regards	to	the	search	
engine	in	BAS	2	(see	Figure	7).	
 

 
Figure 7. BAS 2 -  Start/search screen. 
	
“The	search	bar	is	the	first	thing	I	would	type	in;	it	looks	very	familiar…	it	has	a	
strong	Google	[search	engine]	feeling	to	it”	(P1).	(see	Figure	8).	
 

 
Figure 8. Google® - Search bar (Google, 2017). 
 
Other	remarks	of	familiarities	from	other	systems	where	of	the	icons	used.	One	
respondent	noticed	the	icon	used	for	indicating	the	user	on	BAS	2	(see	Figure	10). 
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“In	looks	like	the	user	[profile]	symbol	on	Facebook,	so	it	is	perhaps	[an	indication	
of]	her	user	being	logged	in	especially	since	you	can	only	see	the	workspaces	[from	
the	results	section]	she	has	access	to”	(P2).	(see	Figure	9). 
 

 
Figure 9. Facebook® - User symbol (Facebook, 2017). 
 
Another	participant	placed	remarks	on	BAS	2’s	menu	button	and	certain	elements	
within	the	settings	button,	(see	Figure	10),	some	of	these	which	were	not	even	
intentionally	thought	of	as	design	elements	from	other	systems	during	the	
prototyping	phase	of	the	design.	
 

 
Figure 10. BAS 2 - Menu; Settings; Pin to main menu (Fäst i huvudmeny). 
 
“Top	right	is	a	settings	button,	just	from	pure	experience	with	[smart]	mobile	
phones…	it	should	probably	be	somewhere	you	can	adjust	settings	for	BAS?”	(P2) 
“Yeah,	it	seems	like	I	was	right….	The	‘Pin	to	main	menu’	(fäst	i	huvudmeny),	I	
guess	it	means	you	can	pin	it	to	the	top?	.	.	.		Sounds	like	an	option	from	[Microsoft]	
Windows”	(P2).	(see	Figure	11).	
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Figure 11. Windows® - Pin to Start (Fäst på Start) (Microsoft Windows® 10, 2017). 
 
One	participant	noted	how	the	similarities	of	some	terms	(i.e.,	words)	made	him	
question	if	the	element	in	question	(i.e.,	information	widget	[Uppgifter])	(see	
Figure	12)	was	borrowed	from	BAS	1	or	if	it	was	from	another	software	(i.e.,	
platform	used	in	conjunction,	‘Intern	Kundbild’)	(see	Appendix	A,	GOMS	model)	they	
use	during	the	entity	registrations. 
 

 
Figure 12. BAS 2 - Information widget (Uppgifter).  
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“Yes,	I	feel	like	I	recognize	it	somewhat.	It	feels	like	[it	is	from]	‘Intern	Kundbild’.	
But	it	could	be	somewhere	in	BAS	as	well.	I	think	we	might	be	looking	at	
‘pers/orgnr’	workspace	on	BAS	1?	.	.	.	Because	it	says	‘Personuppgifter’	on	the	tab	
at	the	top,	and	then	after	the	name	field	you	can	see	the	judicial	form	(Juridisk	
form)	field.	.	.	so	in	that	case	it	is	probably	from	BAS,	but	I	am	not	really	sure.”	(P2). 
 
Another	interesting	remark	was	in	regards	to	the	progress	bar	element	on	BAS	2	
(see	Figure	13).	Quite	accurately	reported	by	the	users	on	what	purpose	it	
seemingly	had.	
 

 
Figure 13. BAS 2 - Progress bar element. 
 
“Down	there	[on	the	bottom	of	the	page],	it	is	like	a	timeline.	Seems	as	if	you	will	
be	able	to	see	the	steps	for	the	entire	registration…	It	is	like	an	installation	process	
on	the	computer,	or	like	when	you	go	through	a	buying	process	on	a	website”	(P2).	
(see	Figure	14). 
 

 
Figure 14. Amazon - Checkout progress bar (Amazon®, 2017) 
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Interaction 

Efficacy 
Another	focus	of	the	study	was	to	gain	understanding	on	how	efficacious	the	
participants	regarded	the	system,	based	on	the	persona	used	in	conjunction	with	
the	mock-ups.	Overall,	participants	reported	small	differences	in	perceived	
difficulty,	however	their	reasons	varied	to	certain	degree.	Yet,	the	overall	
consensus	reported	by	the	participant	seemed	to	be	that	BAS	1.5	was	easier	to	
learn	as	it	seemed	most	similar	to	BAS	1.	

All	participants	noted	that	they	felt	that	learning	BAS	2	compared	to	BAS	
1.5	would	be	equally	easy	for	them,	but	that	given	the	persona	of	a	beginner	(i.e.,	in	
learning	stages),	would	have	a	slightly	harder	time	learning	BAS	2	as	its	design	due	
to	the	UI	having	less	clearly	and	explicit	labels,	like	BAS	1.5,	in	addition	to	having	
the	search	bar	or	menu,	which	makes	the	interaction	needed	one	step	(i.e.,	click	or	
search)	longer.	However,	it	was	noted	that	once	learned,	BAS	2	would	be	easier	to	
interact	with	due	to	its	effectivity	(i.e.,	search.	Autofill,	more	options,	etc.). 
 

 
Figure 15. BAS 1,2, & 3 - Side-to-side comparison all BAS versions.  
	
“In	reality	[BAS	1.5]	is	a	little	easier,	since	you	see	what	workspaces	are	available,	
and	they	are	clearly	labeled	to	begin	with…	You	do	not	need	to	click	anything	to	
figure	out	what	is	next.	For	example,	in	the	current	BAS	[1]	you	have	to	hover	
above	each	icon	to	figure	out	what	they	represent	[if	you	are	a	beginner],	and	in	
BAS	2	you	have	to	search	in	order	to	figure	out	what	you	can	do,	or	you	would	have	
to	click	the	menu	to	explore.	In	that	way	I	feel	it	would	be	easiest	for	a	new	
[employee]	to	get	familiar	with	BAS	1.5…	I	would	think	they	are	equally	easy	to	
learn,	as	I	have	enough	experience	from	BAS	[1]”	(P2). 
 
“BAS	2	seems	to	have	a	slightly	steeper	learning	curve	[than	BAS	1.5],	but	it	seems	
to	be	easier	and	more	effective	to	use	once	you	have	learnt	it.	.	.		I	can	choose	how	
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to	deal	with	it	depending	on	my	tasks,	and	the	search	makes	some	process	of	filling	
less	tedious”	(P5). 
 
Some	remarks	in	regards	to	the	efficacy	of	BAS	2’s	progress	bar	(see	Figure	13)	
were	also	made.	Mostly	the	participants	seemed	to	like	it,	as	they	reported	it	to	
make	it	easier	to	figure	out	what	is	next	in	the	process	of	entity	registrations,	
especially	if	you	are	considered	a	beginner	to	the	BAS	software.	The	progress	bar	
in	this	view	seemed	to	only	be	prioritized	as	a	learning	tool,	more	about	this	in	
coming	sections. 
 
“I	like	the	BAS	2	progress	bar,	[since]	the	principle	of	going	stepwise	from	A	to	B	to	
C	.	.	.		is	easier	as	a	beginner.	Once	they	are	done	with	step	A,	they	know	what	is	
next…	But	of	course	that	is	probably	only	useful	for	the	first	two	startup	weeks,	
after	that	it	would	be	more	effective	to	have	entire	workspaces	rather	than	
segments	you	have	to	go	through.”	(P2).	(see	Figure	13).	
 
User	experience 
The	overall	user	experience	was	another	focal	point	of	the	study.	When	it	came	to	
feeling	of	the	different	UI	participants	reported	that	they	perceived	both	new	
iterations	of	BAS	1	to	be	superior	to	the	previous	(BAS	1).	Keywords	such	as	
modern,	enjoyment,	and	better	looking,	were	often	used	in	conjunction	with	the	
perceived	efficacy	of	the	system.	There	seemed	to	also	be	an	impression	of	
consensus	towards	better	user	experience	with	BAS	2,	even	though	it	was	reported	
to	be	slightly	more	difficult	to	learn.	When	asked	why	they	perceived	BAS	2	
encompassing	a	greater	user	experience,	most	participants	seemed	to	remark	that	
the	layout	of	the	UI	was	the	significant	factor.	
 
“Because	I	think	the	second	one	[BAS	2]	is	better	looking,	I	would	enjoy	it	the	
most…	Since	it	is	only	marginally	more	difficult	[to	learn]	than	[BAS]	1.5,	I	would	
think	that	I	prefer	the	nicer	layout…	the	‘new	thinking’	[modern	look]	of	the	
progress	bar	and	everything	else,	I	just	like	it!”	(P2).	
 
However,	there	were	of	course	differing	opinions	regarding	the	overall	user	
experience	BAS	2	in	comparison	to	BAS	1.5. 
 
“Tabs	are	more	distinct	[i.e.,	easier	to	recognize]	than	[BAS	1’s]	buttons,	so	I	like	it	
[BAS	1.5]	better…	it	makes	it	nicer	to	have	tabs	instead	of	icons	since	you	can	see	
and	judge	directly	where	you	should	click,	especially	if	you	forget	which	icon	lead	
to	what	[workspace	in	BAS	1].	Even	though	BAS	2	looks	nicer,	I	think	I	would	enjoy	
using	[BAS]	1.5	slightly	more	in	the	end.	.	.	Just	easier,	looks	like	a	cleaner	version	
of	what	we	use	now”	(P1). 
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Insight 
 
Concept	grasping 
Overall	the	participants	were	quite	good	a	figuring	out	what	different	elements	or	
even	processes	entailed	in	the	mock-ups.	Much	of	the	time	they	even	guessed	the	
exact	underlying	processes	that	were	not	directly	evident	on	a	surface	level. 
One	of	the	most	identified	concepts	of	the	study	was	pertaining	to	the	workspace	
being	available	in	the	new	UIs	compared	to	BAS	1,	which	has	an	icon	for	all	
workspaces.	Participants	often	noted	on	how	it	seemed	to	them	that	only	relevant	
workspaces	where	available,	and	how	perhaps	the	system	“sensed”	that	based	on	
the	user.	
 
“…perhaps	[it]	is	her	user-login	that	determines	what	workspaces	she	can	access,	
since	only	the	relevant	workspaces	are	shown	here”	(P2)	(see	Figure	2) 
“So	in	bas	1.5	they	only	see	what	is	relevant	to	them,	and	not	all	the	other	icons?”	
(P4).	
 
At	occasions	they	made	elaborate	and	accurate	guesses	on	what	processes	would	
entail	after	a	certain	interaction,	such	as	searching	with	words	and	what	
consequences	that	would	have	for	a	consecutive	page	(see	Figure	16). 
 

 
Figure 16. BAS 2 - New entity registration (Ny företagsregistrering). Searching with words 
results in no “autofill”. 
 
“Here	she	needs	to	put	in	the	social	security	number,	since	she	did	not	search	using	
it,	[the	system]	did	not	sense	what	person	or	entity	it	is	dealing	with…	once	she	
does	it	[the	section	to	the	right]	should	update	with	the	person’s	information,	such	
as	if	they	have	been	registered	or	not.”	(P2).	
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Disconnect 
Of	course	there	were	multiple	occasions	when	the	participant	did	not	seem	to	
understand	the	concept.	Upon	being	asked	what	the	consecutive	pages	after	
clicking	‘New	entity	registration´	(Ny	företagsregistrerings)-	icon	(see	Figure	12),	
the	participants	would	report	a	prediction	that	seemed	closer	to	BAS	1’s	UI	than	
what	conceptual	model	was.	
 
“I	think	if	you	press	‘New	entity	registration’	(Ny	företagsregistrerings),	then	you	
will	be	able	to	start	filling	out	addresses,	SNI	(Standard	för	svensk	
näringsgrensindelning)	codes,	and	‘Company	tax’	(F-Skatt),	and	[workspaces]	like	
that.	So,	it	is	where	the	entire	registration	process	begins,	and	you	can	access	all	
workspaces	throughout	the	entire	process.”	(P2).	
 
Once	the	participant	got	to	see	the	consecutive	page	(see	Figure	13)	they	would	
seem	to	report	a	disconnect	between	what	they	had	reported	was	going	to	happen	
and	what	actually	happened.	
 
“But	the	question	is,	where	does	one	fill	in	the	addresses,	SNI-codes	and	entity	
relations	[information]?”	(P2).	
 
Sometimes	these	disconnects	were	found	in	light	of	understanding	exactly	the	
same	concept	for	other	elements,	even	next	to	the	element	in	question,	and	that	
look	exactly	the	same,	yet	it	seemed	confusing	as	to	what	it	might	entailed.	One	
participant	reported	this	for	BAS	1.5	(see	Figure	2).	
 
“Looks	the	same	as	BAS	[1]	to	me,	but	what	does	the	messages	tab	do?”	(P2). 
	
Intersection 
 
Inhibition 
At	occasions	participants	would	report	what	seemed	as	a	disconnect	regarding	a	
concept	of	process,	but	what	turned	seemingly	to	be	due	to	the	introduction	of	a	
certain	foreign	element	(i.e.,	something	that	was	not	a	part	of	BAS	1)	causing	the	
confusion.	One	such	report,	on	a	particular	element	in	BAS	2	called	“Information	
widget”	(see	Figure	12)	was	indicated	as	a	particular	confusing	element.	When	
asked	to	describe	what	the	participant	thought	this	was	and	its	purpose,	he	
reported	as	such.	
 
“.	.	.	[there	are]	tabs	[for]	VAT	[MOMS]	and	Employer	[AG].	.	.	and	then	you	could	
probably	see	[the	person	or	entity’s	registration]	history	if	they	have	been	
registered	before.	It	is	either	that	or	it	is	where	you	are	supposed	to	do	the	
registering	itself,	so	it	could	be	that.	But	it	is	weird	if	that	would	be	under	the	
information	widget.	I	do	not	really	know.	.	.”	(P3). 
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Synergy 
More	often	a	type	of	synergy	would	be	reported,	were	one	known	element	from	
BAS	1	would	seem	to	spur	the	understanding	of	a	foreign	element.	This	was	
particularly	distinct	for	icons. 
“I	can	see	that	there	is	a	key	to	the	top	right	corner;	one	‘save’	button	and	another	
‘Key’	button.	In	BAS	[1]	the	first	one	[save	icon]	takes	[copies]	the	key	information	
[such	as	social	security	number/	organization	number],	while	the	other	pasts	it”	
(P5). 
 
Suggestion 
 
User	Requirements 
On	occasions	requirements	were	reported	by	the	participants,	more	frequently	it	
would	pertain	to	a	need	that	was	not	met	with	BAS	1.5	or	BAS	2,	sometimes	as	a	
part	of	a	design	change	that	did	not	encompass	some	function	from	the	previous	
UI,	other	times	as	what	seemed	to	be	an	issue	stemming	from	the	new	design.	One	
commonly	reported	requirement	seemed	to	be	the	need	to	reduce	amounts	of	
clicks	when	interacting	with	the	system,	this	was	particularly	highlighted	with	a	
certain	version	of	BAS	2	(see	Figure	17)	that	utilized	a	modular	approach	over	the	
process	approach. 
 

 
Figure 17. BAS 2 - Search. Modular approach. 
	
“.	.	.	because	[if	it	is	only	modular	based	search]	it	will	be	too	many	clicks.	If	one	is	
to	do	many	tasks	per	day	it	is	going	to	be	many	extra	clicks	to	[switch	between]	
workspaces,	so	it	would	be	better	to	have	all	the	registering	like	old	BAS	[1],	all	on	
one	workspace”	(P1).	
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“.	.	.	that	[modular	approach]	will	divide	a	workspace	where	most	actions	are	
related	to	one	task	even	more	divided,	so	keeping	that	in	mind,	I	think	the	end-user	
will	most	likely	appreciate	if	there	are	as	little	clicks	as	possible”	(P3). 
 
Modification	
Across	all	the	data	collection	sessions	many	suggestions	were	made	by	the	
participants,	often	these	gave	an	insight	into	how	the	participant	would	like	to	
tweak	a	certain	feature	of	the	designs,	and	more	particularly	why	they	thought	so.	
More	frequently	than	not	participants	reported	that	they	would	like	to	modify	
some	aspects	to	be	more	similar	to	BAS	1,	these	changes	were	mostly	in	regards	to	
the	order	of	icons	when	considering	BAS	1.5.	
 
“I	want	them	in	the	same	order	as	the	icons	on	BAS	1	[in	the	progress	bar].	.	.	”	
(P1). 
	
New	Implementation 
Some	new	ideas	were	discussed	during	the	interviews,	were	the	participants	
suggested	solutions	to	confusing	aspects	of	BAS	2	that,	according	to	them,	seem	to	
make	their	task	of	registering	a	business	entity	easier	and	less	tedious.	One	such	
solution	that	stood	out	was	in	regards	to	the	concept	of	a	progress	bar	in	‘New	
entity	registration’	(see	Figure	13).	Participants	reported	that	although	they	
enjoyed	the	benefits	of	having	a	progress	bar	(e.g.,	not	missing	a	step),	they	see	it	
the	way	it	is	shown	in	the	mock-up	(see	Figure	13)	as	a	tedious	process	since	it	
partitioned	an	entire	workspace.	One	participant	reported	that	he	would	instead	
like	to	see	the	‘New	entity	registration’	encompass	multiple	workspaces	that	they	
need	to	access	for	a	full	registration.	
 
“Since	it	looks	more	modern,	I	would	consider	keeping	the	progress	bar.	.	.		But	I	do	
not	believe	in	a	partitioned	workspace.	.	.		it	would	be	much	more	efficient	if	there	
were	workspaces	fitted	into	each	step	of	the	progress	bar	instead.	.	.	I	would	not	
need	to	go	back	and	forth	between	steps	if	I	forget	some	information,	nor	do	I	need	
to	click	as	many	times.	Maybe	you	could	have	an	information	widget	like	before,	
but	that	it	is	following	the	entire	process	with	[relevant]	information?	.	.	.		That	
would	be	especially	useful	for	beginners,	because	they	are	not	used	to	what	
information	they	need	to	remember	during	a	registration”	(P2).	
 
Even	though	all	participants	reported	that	they	did	not	want	a	modular	approach.	
When	asked	if	modular	approach	(see	Figure	17)	could	be	combined	with	a	
process	approach	(see	Figure	13)	for	a	hybrid	approach	(see	Figure	18);	where	all	
the	sections	of	each	workspace	would	be	available	in	addition	with	the	processes	
for	a	search	in	BAS	2,	participants	reported	that	they	would	like	that.	One	
participant	noted	that	it	would	be	particularly	good	since	there	are	rare	occasions	
where	they	have	to	re-register	or	unregister	a	certain	section,	and	that	going	
through	an	entire	process	with	many	workspaces	in	a	linear	fashion	would	be	too	
tedious	for	small	task. 
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Figure 18. BAS 2 - Hybrid approach. Where A is Process approach, B is Modular approach.  
 
“That	would	be	really	great!	.	.	.		If	it	was	[a	hybrid	version]	then	we	would	not	have	
to	bother	going	through	each	workspace	in	the	entire	process,	I	could	just	write	
the	social	security	number	and	the	system	would	show	me	what	module	would	be	
available	for	change	for	that	particular	person	or	entity”	(P2). 
 
 

Discussion	
 

The	intention	of	this	case	study	was	to	explore	the	qualitative	nature	of	mental	
models	when	transitioning	to	new	user	interfaces,	this	was	sought	to	be	
investigated	in	the	confounds	of	a	real	world	example	at	Skatteverket.	Among	
other	objectives	in	the	list	of	agendas,	identification	of	suggestions	(i.e.,	solutions)	
of	how	to	ease	UI	transition	was	to	be	explored	on	the	basis	of	empirical	
observations,	which	in	turn	were	to	be	understood	and	analyzed	based	on	degrees	
of	difference	between	designed	UIs	(i.e.,	mock-ups)	and	the	original	version	of	the	
system.	It	was	also	of	interest	to	gain	understanding	on	how	much	a	new	UI	may	
borrow	new	design	elements	(i.e.,	visual	interaction	elements,	implicit	concepts,	or	
terminology)	from	systems	that	the	participants	already	knew	well.	What	follows	
below	is	an	account	of	the	current	authors	interpretations	based	on	a	thematic	
analysis	of	the	observed	empirical	data. 
 
Adaptability	to	new	UI 
Some	variables	that	seemed	to	suggest	an	effective	mental	model	transfer,	were	
the	measures	of	user	experience	and	self-perceived	efficacy	interacting	with	the	
system.	Most	important	factors	of	how	well	these	variables	were	attenuated	are	
the	participant’s	response	on	the	design	implementations	and	their	underlying	
concepts	incorporated	within.	Analyzing	the	findings	of	this	case	study	suggested	
that	using	the	above	mentioned	variables	for	measure	of	intrinsic,	as	well	as	
extrinsic	UI	elements,	in	assessing	learning	of	the	new	system	as	a	function	of	
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knowledge	transfer	is	valid.	However,	an	insight	into	certain	contradiction	in	the	
findings	need	to	be	considered	in	regards	to	the	disconnect	and	inhibition	of	
multiple	concepts,	these	pave	the	way	for	an	alternative	interpretation.	One	such	
being	that	perhaps	self-reported	user	experience	and	efficacy	variables	are	not	
reliably	measuring	the	knowledge	transfer,	but	rather	act	as	mediating	variables,	
or	even	that	choosing	these	self-perceived	and	complex	variables	as	measure	
presents	a	confound,	and	thus	renders	them	unreliable.	One	way	to	investigate	
such	is	to	employ	a	quantitative	study	on	the	reliability	of	such	variables,	as	such	
matters	are	usually	easier	to	understand	using	statistical	measures;	controlling	for	
certain	variables	in	ways	qualitative	studies	may	not.		

It	was	quite	apparent	from	the	end-user’s	responses	that	intrinsic	
knowledge	transfer	was	a	main	component	when	transitioning	to	the	new	design,	
this	was	particularly	evident	in	their	attempts	to	constantly	note,	for	example	how	
the	tabs	of	BAS	1.5	were	representing	the	icons	of	old	BAS	as	they	were	placed	in	
the	same	position,	or	how	something	was	void	in	the	new	designs,	when	
considering	how	some	elements	might	have	been	removed.	Most	interestingly,	the	
difference	was	often	accounted	for	based	on	spatial	locations,	and	when	elements	
were	completely	removed	it	seemed	to	put	the	end-user	in	a	state	of	momentary	
confusion,	as	he	(P2)	tried	to	deduce	what	was	missing.		

One	interesting	observation	seemed	to	pertain	to	the	particularly	slow	
ability	to	notice	‘what’	was	missing,	but	a	quick	response	of	‘that’	it	was	missing.	
This	seems	to	support	the	findings	discussed	earlier	of	Macha	et	al.	(2010),	which	
indicated	that	similar	UI	caused	larger	synchronization,	while	inherent	differences	
in	UI’s	may	have	caused	desynchronization	with	internal	models	(i.e.,	areas	
associated	with	knowledge	representation)	prescribing	greater	cognitive	load	on	
the	user	of	processing	such	differences.		

Such	an	effect	was	however	not	observed	in	BAS	2.	It	is	suspected	that	due	
to	the	inherent	difference	of	the	workspaces	in	BAS	2	(i.e.,	spatial	positioning	and	
visibility	of	elements)	compared	to	BAS	1	(and	1.5)	is	great	enough,	that	the	user	
processes	the	workspace	as	inherently	different,	thus	does	not	utilize	spatial	
positioning	to	determine	‘that’	something	is	missing	before	noticing	‘what’	is	
missing.	In	other	words,	the	desynchronization	caused	by	the	difference	of	BAS	2	
with	their	internal	model	of	the	same	workspace	on	BAS	1	is	so	much	stronger	that	
they	default	to	examining	each	element	before	recognizing	the	entire	structure,	
thus	noticing	‘what’	is	missing	simultaneously	as	‘that’	something	is	missing	in	BAS	
2.	

Of	course	a	strong	counter	evidence	to	this	observation	was	the	distinction	
made	with	the	“Information	widget”	(Uppgifter),	and	how	the	terminology	used	in	
this	foreign	(i.e.,	not	intentionally	implemented	extrinsic	design	element	nor	
entirely	from	current	system)	element	was	confusing.	Terms	were	too	similar	to	an	
external	program	the	end-user	used	(i.e.,	Intern	kundbild),	and	thus	caused	
confusion	when	trying	to	understand	its	function.	In	this	instance,	the	semantic	
properties	(i.e.,	terminology)	of	a	mental	model	pertaining	to	an	extrinsic	system	
(i.e.,	Intern	kundbild)	seemed	to	cause	some	sort	of	inhibition	of	concept	grasping	
of	the	“Information	widget”	functionalities	in	BAS	2.	Although	this	might	be	
dismissed	as	a	one-time	observation.	However,	when	triangulating	(comparing	
observations	from	other	participants)	for	this	misunderstanding	of	the	particular	



	31	

element	(i.e.,	Information	widget),	three	other	participants	showed	to	be	similar	
confused.	More	precisely,	confusion	was	expressed	in	regards	to	if	this	was	where	
the	registration	was	made,	or	if	it	only	served	as	an	information	site.	In	this	regard,	
it	is	important	to	understand	its	particularity	based	on	the	thematic	grouping	
criteria.	Since	the	“Information	widget”	was	not	added	as	an	intentional	extrinsic	
element	it	follows	that	it	does	not	suffice	as	a	failure	of	extrinsic	transfer,	since	it	
was	intended	as	a	foreign	design	element.	However,	because	it	did	
(unintentionally)	contain	similar	terminology	from	a	system	used	in	conjunction	to	
BAS	it	does	in	fact	carry	extrinsic	properties.	Yet,	the	extrinsic	element	did	not	aid	
in	learning	the	new	system	correctly	as	an	extrinsic	knowledge	transfer	to	the	
formation	of	the	new	mental	model,	nor	did	it	exhibit	itself	as	a	synergistical	effect,	
it	did	however	inhibit	the	user's	understanding.	Thus,	it	suggests	that	extrinsic	
mental	models	may	not	only	promote	learning,	but	also	when	too	similar,	inhibit	
correct	learning.	This	quite	important	to	recognize	when	designing	a	UI	utilizing	
design	from	other	systems.		

When	it	came	to	extrinsic	mental	models	use	in	adapting	to	a	new	UI,	BAS	2	
was	clearly	the	most	discrepant	design.	It	should	be	noted	that	all	the	intended	
incorporations	of	extrinsic	elements	were	identified	accurately,	and	quite	fast	as	
well.	Although	many	of	these	were	based	on	visual	components	(i.e.,	tabs,	menu	
icon,	progress	bar),	the	underlying	concepts	of	their	implementations	also	
followed	as	the	hypothesized	“extrinsic	mental	model	migration”	effect.	In	other	
words,	not	only	was	the	tacit	procedural	knowledge	required	to	understand	how	to	
use	the	new	element	(e.g.,	search	bar)	but	also	the	explicit	declarative	knowledge	
required	to	explain	what	and	why	was	exhibited,	thus	supporting	the	simultaneous	
knowledge	encoding/retrieval	proposition	made	by	Anderson	(1998).	This	is	of	
particular	interest	as	it	further	supports	the	utilization	of	both	kinds	of	knowledge	
retrieval,	but	more	specifically	as	pertaining	to	mental	models	(Kang,	2005).	As	to	
which	type	of	knowledge	was	more	prevalent	or	first	retrieved,	it	is	quite	hard	to	
say;	the	data	indicates	often	a	correct	remark	of	what	the	new	design	component	is	
for	(e.g.,	user	icon),	and	then	how	it	might	impact	their	context	of	use	(i.e.,	user	
profiles	for	adaptive	user	interface).	It	should	be	noted	that	the	data	of	
“procedural-before-declarative”	was	not	prevalent	enough	to	register	as	a	valid	
category	(sub-theme)	during	analysis,	and	therefore	discarded.	However,	it	is	an	
interesting	property	that	may	be	studied	as	a	future	direction.	

Another	agenda	was	to	explore	the	synergistical	learning	effects	of	
matching	certain	foreign	(e.g.,	Information	widget)	or	extrinsic	(e.g.,	Google	search	
bar)	elements	with	intrinsic	elements	(i.e.,	from	BAS	1).	As	reported	in	the	result	
section,	the	most	prevalent	observation	in	this	category	(i.e.,	synergy)	was	made	in	
regards	to	iconography,	such	as	placing	a	known	icon	from	BAS	1	next	to	a	foreign	
icon	in	the	BAS	1.5	or	BAS	2	UI.	The	synergistical	approach	thus	seemed	mostly	
pertaining	to	learning	by	associations,	which	both	confirms	aspects	of	cognitive	
science	literature	pertaining	to	associative	learning,	and	contradicts	aspects	such	
as	the	effect	of	“learned	inattention”	(Kruschke,	2001).	Essentially,	the	highly	
validated	effect	of	“learned	inattention”	(p.	814),	first	shown	by	Kamin	(1968)	on	
“blocking	of	associative	learning”,	suggests	that	if	one	element	is	known	to	have	
produced	a	certain	effect	(i.e.,	A	→	1)	then	the	learning	of	a	certain	other	element	
in	conjunction	with	the	current	element	(i.e.,	AB→	1)	should	not	yield	much	
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learning	towards	the	new	element	(i.e.,	B→	1)	(p.	822).	The	synergistical	effect	
observed	in	this	study	only	partially	confirms	it,	as	the	association	with	two	icons	
(i.e.,	key	and	“floppy	disc”),	one	known	and	the	other	foreign,	yielded	to	an	
understanding	of	what	their	combined	function	may	be	(i.e.,	combined	set	of	“key	
information	buttons”	from	BAS	1).	Thus,	it	should	be	noted	that	there	is	in	fact	a	
contradiction	observed,	as	the	participants	explicitly	did	declared	the	knowledge	
of	what	the	foreign	icon	(i.e.,	“floppy	disc”)	was	intended	for,	demonstrating	that	
blocked	or	inattentive	learning	was	not	occurring	in	their	case.	However,	it	should	
also	be	noted	that	this	study	was	not	designed	to	assess	this	particular	effect	in	a	
reliable	way,	and	that	this	observation	should	be	considered	entirely	valid.	Yet,	it	
does	beg	the	question	for	a	future	direction	of	how	mental	models	impact	the	
associative	learning	occurring	in	transitions	between	user	interfaces.	Do	they	
perhaps	pertain	to	a	more	holistic	learning?	And	if	so,	in	what	way? 
	
Solutions	to	the	case 
As	mentioned	earlier,	it	has	been	reliably	indicated	within	HCI	literature	(Kang,	
2005)	that	a	self-perceived	efficacy	interacting	with	systems	correlates	with	good	
user	experience	(Garrity	&	Sanders,	1998;	Hoffman	et	al.1996;	Kang,	2005).	 

Most	of	the	user	experience	as	well	as	efficacy	with	the	two	BAS	mock-ups	
were	reported	superior	to	the	previous	BAS.	However,	when	it	came	to	a	choice	
between	the	two	mock-up	designs	there	was	some	difference.	While	both	end-
user’s	(P1	&	P2)	seemed	to	agree	on	the	fact	that	BAS	2	was	more	efficient	due	to	
its	design	(e.g.,	modern	look,	auto-fill	of	information	due	to	search	capabilities,	
etc),	one	participant	(P1)	was	adamant	on	the	fact	that	she	like	BAS	1.5	better.	The	
rationale	was	that	it	needed	less	clicks	to	operate,	and	that	it	was	more	similar	to	
previous	BAS,	and	so	that	she	felt	more	comfortable	using	it.	This	discrepancy	is	to	
be	expected	at	some	level	especially	when	user	already	feels	more	comfortable	
using	a	well-known	system. 

More	clicks	were	definitely	not	appreciated,	as	indicated	when	participants	
were	presented	the	modular	approach	(see	Figure	17).	This	coincides	well	with	
practical,	as	well	as	researched	guidelines	pertaining	to	UI	design	(Nielsen,	1990).	
This	was	especially	evident	in	one	of	the	end-user’s	remarks	that	highlighted	the	
fact	that	there	would	be	even	more	pages	(i.e.,	subsections	of	workspaces)	to	go	
through	with	the	modular	approach.	Although	she	(P1)	put	most	emphasis	on	the	
issue	of	there	being	too	many	clicks,	a	secondary	mentioned	issue	also	resided	in	
the	fact	that	there	would	be	much	switching	between	workspaces.	In	this	case,	this	
would	put	more	responsibility	on	the	user	to	carry	more	information	in	their	
short-term	memory	while	operating	with	the	system,	thus	producing	a	high	total	
cognitive	load	operating	the	system,	and	thus	worse	user	experience.	This	was	
duly	noted,	and	the	approach	discarded	as	a	potential	solution	to	this	case	study. 

BAS	2	mostly	evaluated	as	superior	in	user	experience,	something	all	
participants,	except	one	end-user	(P1),	agreed	upon.	However,	it	was	also	rated	as	
slightly	harder	to	learn	for	beginners,	yet	easier	and	more	efficient	to	operate	once	
learned.	Thus,	it	could	be	concluded	that	the	first	hypothesis	was	held	true;	once	
the	user	perceived	that	the	system	was	less	taxing	(i.e.,	easier	and	more	
efficacious)	to	operate	(i.e.,	compared	to	BAS	1)	they	indicated	a	better	user	
experience.	This	held	true	for	all	participants,	be	it	BAS	1.5	or	BAS	2. 
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Although,	the	BAS	2	progress	bar	(see	Figure	13)	was	reported	as	a	good	
way	to	teach	newly	employed	end-users,	it	was	remarked	as	only	useful	in	the	first	
couple	weeks	of	training.	However,	upon	deeper	exploration	with	the	participants,	
on	how	a	new	implementation	of	the	design	may	be	used,	generated	a	more	user-
centric	design	solution.	One	such,	was	the	hybridization	between	BAS	1’s	full	
workspaces	(see	Figure	5)	combined	with	the	procedural	(i.e.,	stepwise)	function	
of	BAS	2	(see	Figure	13).	This	was	highly	preferred	and	seen	as	the	overarching	
solution	to	BAS	current	UI	problems.	Hence,	a	hybrid	implementation	of	intrinsic	
and	extrinsic	elements	yielded	the	best	knowledge	transfer	as	evaluated	by	self-
perceived	efficacy,	thus	confirming	the	second	hypothesis.	 

Finally,	the	use	of	elements	from	strong	extrinsic	mental	models	did	aid	in	
the	learning	of	BAS	2,	which	supports	the	final	hypothesis	of	this	case	study.	 
 
Limitations 
A	few	limitations	have	already	been	indicated	within	the	discussions.	However,	a	
greater	limitation	of	this	case	study	was	its	scope.	It	should	be	noted	that	during	
the	data	collection	of	this	study	one	participant's	data	observations	was	not	fully	
recorded,	due	to	technical	issues.	Although	detailed	notes	and	supporting	material	
served	to	maintain	some	reliability	of	that	data	item,	it	nevertheless	reduced	the	
amount	of	empirical	data	somewhat.	
	 Furthermore,	the	inherent	nature	of	this	study,	being	a	case	study	
subjugates	it	to	extremely	small	niches	where	there	may	be	a	claim	of	external	
validity	(i.e.,	knowledge	transfers	in	information	system	UI),	and	with	an	almost	
non-existent	ecological	validity.	
	 Moreover,	due	to	some	restriction	of	the	case;	issues	pertaining	to	data	
collections	were	imposed,	such	as:	sensitive	data	collection	site,	remote	data	
collection	sites,	and	the	nature	of	the	workplace	(i.e.,	conservative	amount	of	data	
collection	time).	These	conditions	brought	forth	ethical	responsibilities	in	not	only	
the	standard	issues	pertaining	to	participant	consent	and	storage.	But	also	ethical	
responsibilities	in	what	types	of,	and	how	data	was	allowed	to	be	collect,	as	well	as	
stored	and	reported	(see	Appendix	A	and	B	for	example	of	censored	data).	At	the	
same	time,	it	made	the	ability	to	collect	some	desirable	data	that	would	be	allowed	
to	store	for	later	analysis	not	possible	(due	to	disclosure	agreement	at	
Skatteverket).	
	 Finally,	one	last	issue	pertaining	to	the	ability	to	measure	intrinsic	
influences	was	found.	Since	the	study	only	utilized	two	new	UIs,	which	both	were	
quite	close	to	the	previous	system,	some	confound	may	exist	within	the	results	in	
regards	to	the	reliability	of	assessing	how	much	implemented	intrinsic	elements	
actually	influenced	the	transfers.	Future	direction	in	regards	to	this	are	discussed	
in	the	conclusion	below.	
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Conclusion 
The	phenomenon	of	learning	new	interfaces	is	complex,	this	case	study	served	to	
explore	the	underlying	causes	of	a	small	portion	of	this	issue,	within	the	context	of	
a	real	world	problem.	A	general	conclusion	that	may	be	drawn	from	this	study	is	
that	borrowing	design	elements	from	the	previous	design	may	prove	to	maximize	
knowledge	transfer	from	an	old	mental	model	to	the	new.	However,	it	is	important	
when	attempting	such,	not	to	borrow	the	impractical	aspects	that	are	a	part	of	the	
previous	system,	in	this	case	this	was	achieved	by	implementing	new	design	
elements,	which	were	used	to	test	the	extent	of	extrinsic	influences.		

Furthermore,	another	consideration	to	make	is	that	when	designing	for	UI	
transitions	using	knowledge	transfers	of	previous	mental	models,	one	must	take	
into	consideration	that	intrinsic	and	extrinsic	elements	do	not	only	provide	
positive	effects	of	knowledge	transfer,	but	in	some	cases	strong	extrinsic-,	or	even	
intrinsic	mental	models	may	inhibit	knowledge	transfers.	Indeed,	in	this	study	
evidence	of	such	(i.e.,	knowledge	transfer	inhibitions)	were	found	to	be	due	to	
many	factors,	such	as:	intrinsic	knowledge	transfers	conflicting	with	the	new	
design,	inhibitory	factors	pertaining	to	similar	semantic	terminologies	in	external	
systems,	and	lack	of	user-centric	approach	in	some	aspects	of	the	design.	The	
aforementioned	are	some	of	the	most	prominent	factors	of	knowledge	transfer	
inhibition,	and	it	should	be	noted	that	perhaps	more	exist	that	need	to	be	implored	
in	future	studies.	Thus,	an	alternative	perspective	would	be	that	these	methods	of	
design	are	not	optimal	for	maximum	knowledge	transfer.	Questions	such	as	this	
may	also	serve	the	foundation	for	future	studies.	

For	future	studies	such	factors	need	to	be	attenuated	to	if	one	wishes	to	
produce	more	reliable	observations	to	explore	knowledge	transfer	in	new	mental	
model	formations.	Another	interesting	future	direction	lies	within	a	weakness	of	
this	study,	namely	considering	the	ability	to	reliably	measure	influence	of	intrinsic	
knowledge	transfer	of	the	previous	mental	models.	This	could	be	achieved	by	using	
a	third	UI	iteration,	which	it	entirely	different	from	the	old	BAS,	as	BAS	1.5	was	too	
similar,	and	BAS	2	also	still	had	a	great	deal	of	similarities	with	its	predecessor.	Of	
course	such	investigation	was	not	attainable	in	this	case	study	since	the	time	frame	
was	too	small,	while	the	scope	quite	broad	(i.e.,	due	to	the	explorative	nature).	
Nevertheless,	it	is	a	future	path	worth	exploring.	 	
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