
INTRODUCTION

 The term wayfinding describes a person’s ability, both cognitive 
and behavioral, to travel from an origin to an out-of-sight destination by 
following the paths and routes between them (Garling et al., 1984; Golledge, 
1992). Successful wayfinding helps travelers gain a sense of safety and 
well-being (Lu, 2016). So, different disciplines, such as transport planning 
(Dutriaux & Gyselinck, 2016), psychology (Gras et al., 2012), architecture 
(Passini, 1984), and urban design and planning (Lynch, 1960), have sought 
to understand how people make sense of their surrounding environment 
when navigating. 
 In cognitive studies, different researchers use the two terms ‘cog-
nition’ and ‘perception’ to describe a human’s ability to acquire knowledge 
of the physical environment surrounding them (Yadav, 1987). The term 
cognition has a much broader meaning than simply describing perception. 
Regarding the spatial cognition process, first, environmental information 
is encoded by the human mind (perception) and then the information is 
processed using different cognitive resources (conception), stored in the 
long-term memory, and eventually retrieved and applied for a particular 
purpose such as wayfinding (Vandenberg, 2016).  
 However, the use of navigational aids, such as directional signage 
or maps, has made the wayfinding process much easier for urban navigators. 
This study aims to explore the effects of three different navigational aids, 
such as paper maps, GPS, and directional signages, on individuals’ spatial 
cognition and wayfinding behavior.
 Lynch (1960) argued that observation of environmental cues while  
navigating in an urban environment creates a mental image in an indivi- 
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1)dual’s mind which he called a “cognitive urban image.”  

During wayfinding activities, the spatial visualization 
ability of navigators assists them to use their stored  
spatial information through a decision-making process  
(Li, 2007). This ability varies among individuals (Hegarty  
& Waller, 2005), and people might have different per- 
ceptions about the same environment depending on 
their personal characteristics, such as age (Techentin 
et al., 2014), brain size (Rushton & Ankney, 1996), and  
sex (Goede, 2009). 
. In spite of individual differences in spatial cogni-

tion processes, Lynch (1960) suggested that one’s mental 

image of an urban environment can be understood as con-

sisting of five key elements: landmarks, paths, nodes, edges, 

and districts. Landmarks are distinctive features that by their 

uniqueness make them memorable in urban users’ minds. 

If they are observable from near and far, they play the role 

of reference points during navigation through an urban 

environment (Lindberg, 1984; Lynch, 1960). ‘Paths’, includ-

ing sidewalks and streets, provide directional movement 

through urban environments for navigators. ‘Edges’ are 

certain boundaries surrounding a particular district with a 

continuous, certain form, such as rivers or highways. The 

junction of paths forms ‘nodes’ that tend to be more identi-

fiable if they have sharp and closed boundaries and can be 

used as public spaces. “Districts” are large areas that have 

homogeneous characteristics, including physical character-

istics such as color, texture, façades of buildings, materials 

and patterns of pavement, that consciously can be observed 

in one district area (Lynch, 1960).  A legible (or imageable) 

city has these elements grouped into a somewhat coherent 

overall pattern.

 Following Lynch’s ideas, Siegel and White (1975) 

defined three types of spatial knowledge that humans use 

to create cognitive maps: landmark knowledge – using point-

like elements of the environment; route knowledge – using 

line-like elements; and survey knowledge, which encodes 

the metric information about the layout of space (Golledge, 

1987). For example, when a woman arrives in an unfamiliar 

city she may decide to have dinner in a restaurant on her way 

from the airport to the hotel. In order to recall the location 

of this restaurant, she would memorize the fact that it was 

after the park and around the corner from a particular statue.  

After using this method several times to search for and 

find the restaurant, she will begin to use route knowledge  

(Dillon & Vaughan, 1997). Route knowledge refers to the spa-

tial knowledge that is acquired by traveling from an origin 

to a destination, using existing paths that connect the land-

marks.  It is based on the knowledge acquired by traveling 

from A to B through paths that connect landmarks and plac-

es (Siegel et al., 1978; Thorndyke & Hayes-Roth, 1982), and 

consequently developing a path network. The most often 

used path segment is represented by lines in cognitive maps 

(Golledge, 1978). Now, our abovementioned woman begins 

to make sense of the location of her hotel. She knows that 

the hotel is near the corner and up that particular road. After 

visiting her chosen restaurant several times, she will begin to 

make sense of existing environmental features — in two or 

three-dimensional layouts — on her way from the restaurant 

to the hotel. In other words, she begins using her previously 

observed/survey knowledge to generate a mental map of 

that environment (Golledge, 1999). Survey knowledge is 

based on coordinating different routes between landmarks  

and the estimation of the Euclidean distance between them,  

while creating a cognitive map (Siegel et al., 1978; Thorn-

dyke & Hayes-Roth, 1982). Wayfinding performance could 

be affected by using each of these forms of knowledge (Me-

neghetti et al., 2021); for example, ‘go straight on (route) until 

you see the city tower (landmark) and then turn left. Better 

understanding of how navigators make sense of their sur-

rounding environment could be used by urban designers 

and navigational aids designers to improve the legibility of 

urban environments as well as the effectiveness of wayfin-

ding systems.

 The advent of technology and the use of GPS-based  

mobile navigation systems have brought forth new forms 

of interaction between individuals and the surrounding en-

vironment, whether they drive a vehicle or walk (Grison & 

Gyselinck, 2019). Several previous studies have compared 

the use of different navigational tools with acquired spatial 

knowledge, whether in indoor space (Hölscher et al., 2007; 

Thorndyke & Hayes-Roth, 1982), outdoor space (Chang, 2015;  

Ishikawa et al., 2008; Münzer et al., 2006) or virtual environ-

ments (Ruginski et al., 2019).

 Ishikawa et al. (2008) examined the effectiveness  

of a Global Positioning System (GPS)-based mobile naviga-
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tion system when compared to paper maps and direct experience of routes by 

focusing on the user’s wayfinding behavior and acquired spatial knowledge. 

They found that the distance travelled and the number of stops for the GPS group 

were significantly larger than map users and direct-experience participants. In 

addition, the GPS users walked more slowly, made more directional mistakes, 

and drew less accurate sketch maps in terms of topological accuracy, than the 

direct-experience group.  Later, Chang (2015) conducted a similar study, com-

paring the wayfinding efficiency and behaviour of international tourists when 

using a mobile navigation aid or a paper map and local directional signs. Her 

study found that sketch maps drawn by participants who used the local signs 

for wayfinding provided more detailed information/landmarks, and their drawn 

walking routes were more accurate than those of map users and GPS users. But 

GPS users remembered more information regarding transportation and route/

road items, such as road names and the entire travel route.

R E S E A R C H  O B J E C T I V E S

	 This	study	aims	to	confirm	the	findings	of	previous	studies	(Chang,	
2015;	Ishikawa	et	al.,	2008)	in	terms	of	the	difference	in	acquired	spatial	
knowledge	that	occurs	from	the	use	of	three	different	navigational	aids,	
such	as	those	used	in	our	study,	in	an	outdoor	setting,	and	to	understand	
why	these	differences	occur.	In	addition,	it	seeks	to	gain	better	understand- 
ing	of	how	key	features	of	the	urban	environment	contribute	to	urban	legi- 
bility/imageability.	Two	basic	hypotheses	are	measured	in	this	study:

H1: Spatial knowledge acquisition, when navigating the same urban  

 environment, varies based on the type of navigational aid used. 

H2: That looking at a GPS-based navigational device would decrease 

 navigators’ engagement with their surrounding environment.

 Better understanding of the role of navigational aids and how real- 

world navigators acquire spatial knowledge when using them may assist urban 

designers and wayfinding practitioners to develop better wayfinding signage 

approaches and systems and could also assist app-developers to produce im-

proved navigational aids, particularly for GPS-based devices.

R E S E A R C H  D E S I G N

Participants 
	 Thirty-eight	students	from	Griffith	University’s	Gold	Coast	Campus,	
15	men	and	23	women,	were	recruited	through	emails	and	posters	on	cam-
pus,	based	on	the	following	criteria:	a)	be	over	17	years	old,	b)	be	unfamiliar	
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1)with	the	Brisbane	CBD,	c)	speak	English	well.	They	ranged	in	age	from	18	

to	56	years	old,	with	a	mean	of	26.8	years,	and	a	standard	deviation	of	8.5.	
All	were	unfamiliar	with	the	study	area	and	travelled	at	least	70km	from	
the	Gold	Coast	to	central	Brisbane	by	train	and	met	the	experimenter	at	
Roma	Street	Station	to	undertake	the	wayfinding	tasks.	The	travel	costs	
from	the	Gold	Coast	to	Brisbane	were	reimbursed;	in	addition,	they	received	
$50	incentive	payment.		
	 To	minimize	the	impact	of	potential	confounding	variables,	the	
socio-demographic	characteristics	of	the	groups,	such	as	gender,	age,	de-
gree	and	nationality,	were	controlled	using	statistical	ANOVA	testing	(Table	
1).	There	was	no	significant	difference	in	terms	of	demographic	features	
among	the	three	groups	of	participants.	Participants’	sense	of	direction	
was	assessed	using	a	Santa	Barbara	Sense	of	Direction	(SBSOD)	scale,	
and	no	significant	differences	were	identified.

	 To	control	membership	of	the	sampled	groups,	partly	taking	into	
consideration	their	own	preferences,	the	participants	were	assigned	to	
one	of	three	groups:	i)	a	group	using	Google Maps	(n=12);	ii)	a	group	using	
a	conventional	2D	paper	map	(n=12);	and	iii)	a	group	with	no	aids	other	
than	the	local	signage	that	 is	already	in	place	in	the	built	environment	
(n=14).	A	briefing	session	was	held	prior	to	the	experiment	day,	at	which	
all	participants	were	informed	of	the	aims,	procedures,	and	requirements	
of	the	research,	particularly	the	parts	related	to	the	think-aloud	and	sketch	
mapping	techniques.	Without	referring	to	the	urban	elements	identified	by	
Lynch,	they	were	informed	that	after	the	test	they	would	need	to	draw	their	
mental	image	of	the	observed	environment,	and	some	samples	of	sketch	
maps	were	shown.		Participants’	sense	of	direction	was	assessed	using	a	
Santa	Barbara	Sense	of	Direction	(SBSOD)	scale,	and	they	were	asked	which	
group	they	preferred	to	be	in.	If	membership	in	their	first	preference	was	not	
possible,	they	were	assigned	to	their	second	preference.	All	participants	

Table 1 /  Summary	of	personal	characteristics	across	the	independent	groups
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were	assigned	to	their	first	or	second	preference	group.	
On	the	experiment	day,	participants	were	informed	about	
the	destinations.

Study Area 
	 The	Brisbane	central	business	district	(CBD)	
and	the	South	Bank	precinct,	being	the	two	most	pop-
ular	sightseeing	areas	in	Brisbane,	were	chosen	as	the	
study	area	(see	Figure	1).	The	participants	were	asked	
to	individually	find	six	pre-determined	destinations	in	
the	study	area,	in	any	order,	these	being:	the	Brisbane	
City	Hall,	the	Queen	Street	Mall,	St.	Stephen’s	Cathedral,	
South	Bank	Beach,	South	Bank	Railway	Station,	and	the	
COWCH	Café	Bar	in	South	Bank.	The	list	of	destinations	
was	written	on	a	piece	of	paper	and	given	to	them.

D ATA  CO L L E C T I O N  P R O C E D U R E 

Wayfinding Task   
	 The	starting	point	was	the	Roma	Street	Station,	
where	the	participants’	train	arrived.	The	final	meeting	
point	was	at	COWCH	café,	where	post-test	tasks	occurred.
	 A	Samsung	Galaxy	J5	Mobile	phone	equipped	
with	3G	service	and	the	Google Maps app	was	given	to	
the	GPS	group.	The	map	of	the	surrounding	area	was	
shown	on	a	screen	size	of	14cm	x	7cm.	The	app	showed	
the	location	of	the	user	on	the	screen,	and	dynamically	
updated	as	they	moved	in	the	area.	Participants	were	
asked	not	to	use	the	voice	navigation	option.	
	 Participants	in	the	paper	map	and	local-sig-
nage	only	groups	were	also	given	smartphones,	but	only	
to	record	audio	of	their	speech	and	to	capture	GPS	tracks	
of	their	movement,	and	they	were	instructed	not	to	use	
them	as	a	navigational	aid.	The	route	tracker	application	
Geotracker	was	installed	on	the	same	smartphone	and	
recorded	the	length	of	time	taken	by	all	participants,	as	
well	as	the	route	travelled.	Participants	in	the	paper	map	
group	were	given	an	A4-size	tourist	map	of	Brisbane,	as	
provided	by	tourist	information	centres	in	the	city.	There	
was	no	suggested	route	or	other	annotation	on	the	map	
and	they	had	to	find	the	destinations	and	plan	their	pre-
ferred	routes	by	themselves.	
	 All	groups	were	 instructed	to	only	ask	other	 
people	for	help	if	they	were	unable	to	navigate	via	their	 
navigational	aid,	or	the	built	evironment,	without	assis- 
tance.	All	groups	were	asked	to	think	aloud	and	verbalize	
their	thoughts,	in	English,	about	the	wayfinding	process,	
the	buildings,	streets,	the	signs,	the	maps,	their	feelings,	
and	whatever	else	they	saw	or	that	came	to	their	minds.

Think-aloud    
	 The	 think-aloud	 method	 (Ericsson	 &	 Simon,	
1980)	was	employed	to	help	identify	differences	in	way-
finding	behavior	across	the	three	groups	of	participants	
who	used	different	navigational	aids.	Participants	were	
asked	to	vocalize	their	thoughts	continuously	while	solv-
ing	the	wayfinding	task.	This	provided	rich	verbal	data	
about	individuals’	reasoning,	what	they	saw	and	how	
they	felt	during	wayfinding.	The	think-aloud	method	is	

Figure 1 /  

The	map	of	the	study	area
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1)well-used	in	wayfinding	research	(Hölscher	et	al.,	2009;	

Hölscher	et	al.,	2006;	Kato	&	Takeuchi,	2003;	Passini,	
1984;	Schnitzler	&	Hölscher,	2015;	Vaez	et	al.,	2019).	All	
recordings	were	transcribed	by	a	research	assistant.	Af-
ter	transcription,	the	participants’	statements	were	seg-
mented,	with	one	segment	of	utterance	defined	as	the	
continuous	statement	which	occurs	between	two	pau- 
ses	(Kato	&	Takeuchi,	2003).	Two	rounds	of	coding	were	
then	conducted	by	a	single	researcher	with	a	time	inter-
val	of	two	weeks	(Yu	&	Gero,	2015).	Participants’	reasons	
for	choosing	a	street	segment,	or	any	side	of	the	street,	
during	navigation	were	extracted	from	the	think-aloud	
protocols,	as	well	as	the	names	of	landmarks	perceived	
by	them.	Krippendorff’s	α	(alpha)	statistics	suggested	
that	the	two	rounds	of	coding	had	a	good	agreement	
(α	≥	0.8).

Sketch mapping and recognition test   
	 Using	Lynch’s	(1960)	approach,	the	participants	
were	asked	to	draw	and	write	down	as	much	informa-
tion	as	they	could	remember,	such	as	streets,	buildings,	
landmarks,	parks,	transport	stations,	etc.,	solely	from	
memory	and	without	referring	to	any	other	paper	or	dig-
ital	map.	To	overcome	the	problem	of	individuals’	lack	
of	drawing	ability,	a	spatial	recognition	test	(Piaget	&	In-
helder,	1967)	was	also	taken	after	collecting	participants’	
sketch	maps.	For	the	test,	the	participants	were	shown	
photos	of	five	buildings	and	landmarks	in	the	study	area,	
and	they	were	asked	to	write	down	the	number	of	photos	
that	they	could	clearly	identify.

Sketch mapping follow-up interview  
	 To	gain	more	 insight	 into	how	visitors	devel-
oped	a	mental	image	of	space	and	the	role	of	naviga-
tional	aids	in	that	process,	participants	were	asked	to	
write	their	answers	to	the	following	questions,	which	
were	written	and	read	to	them:
								•	 Why	did	you	remember	and	draw	certain		 									 
																	streets	on	the	sketch	map	(i.e.	what	were	the							 
																	features	that	made	them	memorable)?
								•	 Why	did	you	remember	and	draw	certain	land	
	 marks	on	the	sketch	map	(i.e.	what	were	the	 
	 features	that	made	them	memorable)?

								•	 How	did	your	way-showing	tool	(digital	map,	 
	 paper	map,	signage	only)	influence	the	 
	 cognitive	map	you	drew?	

Distance estimation task  
	 To	 assess	 participants’	 survey	 knowledge	 —	
estimated	Euclidean	distance	between	landmarks,	the	
participants	were	given	multiple	pairs	of	landmarks	that	
were	all	on	the	list	of	those	they	had	to	find.	The	Euclide-
an	distance	was	described	to	them	as	“the	straight-line	
distance	between	the	two	landmarks.”	They	were	asked	
to	score	the	Euclidean	distance	between	each	pair	from	 
0	to	9,	where	0	meant	next	to	each	other	(no	distance)	
and	9	meant	the	longest	distance.	The	participants	re-
ceived	a	unit	of	measure,	which	was	the	distance	bet- 
ween	South	Bank	Station	and	COWCH	(which	they	had	
all	just	been	to),	as	equal	to	1.	

R E S U LT S 

Destination decision making  
	 Participants’	utterances	showed	there	were	two	
main	approaches	to	initial	destination	decision	making	
in	the	wayfinding	task.	36	participants	decided	to	begin	
by	walking	to	the	closest	destination,	for	example,	“I	first	
go	to	the	City	Hall	because	it	is	the	nearest	one.”	Two	
participants	(one	in	the	GPS	group;	one	in	the	paper	map	
group)	decided	to	follow	a	clockwise	route,	for	example,	

“I	prefer	to	start	from	left	and	see	the	cathedral	and	go	
towards	the	other	destination	in	the	right”	There	was	no	
significant	association	between	group	and	participants’	
destination	decision	making.

Wayfinding performance  
	 The	average	distance	travelled	to	find	all	desti-
nations	helps	indicate	the	effectiveness	of	the	navigation	
aid	on	performance.	Table	2	lists	the	average	travel	time,	
the	average	distance	travelled,	and	the	average	walking	
speeds	across	each	group	of	navigators.	Average	travel	
time	is	a	less	reliable	indicator	of	performance,	due	to	
variability	in	breaks	taken	by	the	navigators.	A	one-way,	
between-subjects	ANOVA	was	conducted	which	showed	
that	the	difference	in	the	average	travel	times	across	the	
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groups	was	not	statistically	significant	at	the	95%	confidence	level.	But	
the	average	distance	traveled	was	significantly	different	between	groups		
as	was	their	average	walking	speed	(F	(2,	35)	=	3.5,	p	<	0.05).

	 Post-hoc	paired	comparisons	showed	that	the	average	distance	
travelled,	as	well	as	the	walking	speed	of	the	local-signage-only	group,	
were	significantly	greater	than	those	of	the	GPS	group	(p	<	0.05).	However,	
statistically	there	were	no	significant	differences	in	the	average	distance	
travelled	and	walking	speed	between	the	paper	map	group	and	the	two	
other	groups.
	 Participants’	utterances	showed	that	six	participants	in	the	paper	
map	group	and	eight	participants	in	the	local-signage-only	group	asked	
for	directions;	no	one	in	the	GPS	group	asked	for	directions.	

Sketch maps  
	 All	38	sketch	maps	drawn	by	the	participants	were	collected	
and	analysed	based	on	Lynch’s	five	urban	image	elements	(Lynch,1960).	
Thirty-two	of	the	cognitive	maps	were	drawn	from	a	top-down	view	(see	
Figure	2a);	only	two	of	them	were	drawn	from	a	side	perspective	(see	Fig-
ure	2b).	Four	maps	used	a	combination	of	both	views	(see	Figure	2c).	One	
participant’s	sketch	map	was	too	simple	to	be	analysable	as	a	cognitive	
map,	so	it	was	excluded	from	the	cognitive	map	analysis.	

Table 2 /  Wayfinding	performance	of	the	three	groups

Figure 2a:                                       Figure 2b:                                 Figure 2c:  /  

Top-down	view			 	 	 																			Side	perspective				 																					A	combination	of	top-down	and	side	view
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1)Analysis of landmark knowledge by group  

	 The	number	of	remembered	landmarks,	such	
as	 transport	 stations,	 cafes,	 restaurants,	 shops,	 and	
banks,	was	considered	a	measure	of	landmark	knowl-
edge,	point-like	elements	of	the	environment,	across	the	
groups	(see	Table	3,	first	row).	A	one-way,	between-sub-
jects	ANOVA	was	conducted	to	compare	the	effect	of	
each	navigation	aid	on	the	landmark	knowledge	acquisi-
tion	of	participants.	There	was	a	significant	difference	in	
the	number	of	remembered	landmarks	across	the	groups	
[F	(2,	34)	=	6.50,	p	<	0.01].	Post-hoc	paired	comparisons	
showed	that	participants	in	the	local-signage-only	group	
remembered	a	significantly	larger	number	of	landmarks	
compared	with	the	two	other	groups	(p <	0.05).	However,	
there	was	no	significant	difference	between	the	numbers	
of	landmarks	mentioned	by	participants	across	the	two	
other	groups.

Analysis of route knowledge by group  
	 Route	knowledge	refers	to	the	information	par-
ticipants	gained	about	the	paths	they	had	taken,	in	terms	
of	turns	and	directions,	and	the	landmarks	that	existed	
along	those	routes	(Werner	et	al.,	1997).	To	assess	the	
route	knowledge	gained	by	participants,	we	adapted	Bill-
inghurst	and	Weghorst’s	(1995)	method,	which	suggests	
scoring	the	sketch	maps	based	on	three	criteria:	map	
goodness;	object	classes;	and	relative	object	positioning.	
All	sketch	maps	were	rated	by	two	independent	‘raters’	
who	were	familiar	with	the	study	area	but	unaware	of	
the	participants’	identities	and	the	type	of	navigational	
aids	they	used.	They	first	rated	the	map	goodness	by	
using	the	question,	“how	good	are	the	drawn	routes	in	
helping	you	navigate	toward	the	destinations?”	(Beime,	
2007;	Billinghurst	&	Weghorst,	1995;	Lukas	et	al.,	2014).
As	we	were	particularly	interested	in	route	knowledge,	we	
used	route	accuracy	as	the	second	rating	criterion	to	rep-
resent	object	classes	(Lukas	et	al.,	2014).	Route	accuracy	

refers	to	any	route	in	terms	of	“correct	relations	of	the	
routes	drawn	in	the	sketch	maps,	turns	and	directions”	
(Lukas	et	al.,	2014,	p.	34).	Relative	object	positioning	
was	determined	by	the	positioning	of	any	 landmarks	
on	the	drawn	routes	(Lukas	et	al.,	2014;	Parente,	2016).	
The	inter-rater-reliability,	Kendall’s	Tao,	for	rating	of	map	
goodness,	route	accuracy,	and	relative	object	positioning,	
was	0.70,	0.65,	and	0.72,	respectively,	suggesting	good	
inter-rater	agreement/reliability.	The	scores	given	to	the	
maps	were	of	ordinal	value,	so	the	Kruskal-Wallis	H	test	
was	used.	There	was	a	difference	in	the	ranking	of	map	
goodness	drawn	by	each	group	that	was	approaching,	
but	not	quite	reaching,	statistical	significance	[H(2)	=	
5.42,	p<0.1].	The	results	of	Mann-Whitney	U-tests	(Table	
4,	first	row)	showed	that	the	map	goodness	of	routes	
drawn	by	the	paper	map	group	was	significantly	higher	
than	the	GPS	group,	but	there	was	no	significant	differ-
ence	between	the	local-signage-only	group	and	the	two	
other	groups.	
	 There	was	a	significant	difference	among	the	
three	groups	in	the	case	of	route	accuracy	[H(2)= 7.37,	
p<0.05].	The	results	of	the	Mann-Whitney	U-test	showed	
that	the	paper	map	group	significantly	outperformed	the	
two	other	groups,	while	there	was	no	significant	differ-
ence	between	the	local-signage-only	and	GPS	groups	
(Table	4,	second	row).
	 There	was	a	difference	approaching	signifi-
cance	between	groups	in	terms	of	relative	object	posi-
tioning	[H(2)	=	5.17,	p<0.1].	According	to	the	Mann-Whit-
ney	U-tests,	the	local-signage-only	group	performed	
significantly	better	than	the	GPS	group,	while	there	was	
no	significant	difference	between	the	paper	map	group	
and	two	other	groups	(Table	4,	third	row).

Table 3 /  Mean	(and	standard	deviation)	for	each	variable	by	
																	participants	in	the	three	groups

Table 4 /  The	results	of	the	Mann-Whitney	U-test	for	the	analysis	of		 	
																	route	knowledge	between	groups
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Analysis of distance estimation 
(survey knowledge) by group   
	 The	survey	knowledge	in	this	paper	is	assessed	
by	the	capability	of	participants	to	estimate	the	Euclide-
an	distances	between	pairs	of	destinations	(Siegel	et	al.,	
1978;	Thorndyke	&	Hayes-Roth,	1982).	As	noted	earlier,	
all	participants	were	asked	to	score	the	Euclidean	dis-
tance	between	some	pairs	of	destinations	using	a	score	
between	0	to	9.	The	mean	number	of	correct	distance	
estimations	for	participants	was	slightly	higher	in	the	
local-signage-only	group	and	lowest	in	the	GPS	group	
(Table	2,	second	row).	But	the	result	of	an	ANOVA	test	
did	not	show	a	statistically	significant	difference	among	
the	three	groups	of	participants	(p>0.1).	

Results of the sketch mapping follow-up interview   
								•	 Why	are	some	paths	more	memorable?
 
	 Each	group	of	participants	was	asked	why	some	 
streets	were	memorable	in	their	mental	maps	and	drawn	
in	their	sketch	maps,	with	results	shown	in	Chart	1.

	 The	 most	 frequently	 mentioned	 reason	 for	
streets	to	be	memorable	for	paper	map	and	local-sig-
nage-only	groups	were	attractions	along	the	street	(for	
example,	the	existence	of	shops,	cafes	and	bars	along	
Queen	Street	and	Grey	Street),	and	for	the	GPS	group	it	
was	noticeable	buildings	along	the	street.	This	result	
shows	the	importance	of	landmarks	and	buildings	in	
making	a	memorable	path	for	navigators.

								•	 Why	are	some	buildings/landmarks	
	 more	memorable?
  
	 Each	 group	 of	 participants	 was	 asked	 why	
some	 landmarks	 were	 memorable,	 with	 the	 results	
shown	in	Chart	2.	The	most	frequently	mentioned	rea-
son	for	a	landmark	to	be	memorable	for	all	groups	was	
because	it	was	an	eye-catching	building	in	terms	of	 
color,	building	height	or	mass.	

								•	 How	did	your	way-showing	tool	influence	the			
	 cognitive	map	you	drew?

	 Chart	3	shows	how	different	navigational	aids	
helped	participants	create	a	mental	map.	For	the	paper	
map	group,	the	most	frequently	mentioned	influence	was	
the	map’s	role	in	helping	them	realize	the	overall	shape	
of	the	city	center	as	a	peninsula,	followed	by	locating	
the	position	of	streets	in	relation	to	the	river.	For	the	
local-signage-only	group,	being	without	a	proper	map	
was	more	confusing,	preventing	them	from	creating	an	
accurate	mental	image.	Compared	with	the	paper	map	
group,	participants	in	the	GPS	group	found	their	wayfin-
ding	tool	more	confusing	and	less	helpful	for	creating	a	
cognitive	map;	however,	a	few	of	them	found	it	influential	
in	estimating	distance	and	remembering	street	names	
(not	in	line	with	the	post-wayfinding	tests	results).

Chart 1 /  Frequency	of	reasons	for	remembering	paths	by	partici-
pants	in	the	three	groups

Chart 2 /  Frequency	of	reasons	for	remembering	landmarks	in	land-
mark	knowledge	task	by	participants	in	the	three	groups
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1)Analysis of the think-aloud data 

	 Analysis	of	think-aloud	utterances,	used	to	un-
derstand	how	people	interact	with	space	during	a	way-
finding	task	while	using	different	navigational	aids,	can	
provide	new	understanding	of	the	reasons	behind	the	
poor	spatial	knowledge	acquisition	of	GPS	users.	

Using environmental cues in 
wayfinding performance
	 All	groups	were	asked	to	think	aloud	and	ver-
balize	their	thoughts	about	the	wayfinding	process,	the	
buildings,	streets,	the	signs,	the	maps,	their	feelings	and	
whatever	else	came	to	their	minds.	To	get	more	insight	
into	the	influence	of	environmental	features	on		wayfind-
ing	behaviour,	participants’	reasons	for	choosing	a	street	
segment	or	any	side	of	the	street	during	the	navigation	
task	were	extracted	from	the	think-aloud	protocols.	
	 Table	5	shows	the	participants’	preferences	
for	taking	a	street	segment,	or	even	a	side	of	the	street,	
based	on	their	utterances.	Diverse	route	selection	crite-
ria	were	mentioned	by	the	three	groups	of	participants,	
including:	

	 a)	Physical	characteristics	of	the	road,	such	
as	being	straight,	short,	a	highway	or	a	major	road.	For	
example,	“I	take	this	street	because	it	is	wide”	(Group:	
local-signage-only);	“I	take	North	Quay	because	I	see	it	
directly	goes	to	the	city	hall”	(Group:	paper	map);	“I	think	
this	way	is	the	shortest	one”	(Group:	paper	map).	
	 b)	Being	comfortable	for	pedestrians	due	to	
having	shade	or	pedestrian	roads.	For	example,	“I	will	go	
on	the	left	side	because	it	is	shady”	(Group:	GPS);	“I	stay	
in	this	side	because	it	has	wide	pedestrian	road”	(Group:	
local-signage-only).
	 c)	Type	of	space	along	the	street,	such	as	green	
areas,	a	river,	shops	and	cafes,	or	any	attraction.	For	exam- 
ple,	“I	take	the	right	one	because	I	think	I	can	pass	through	 
the	parkland	as	well”	(Group:	GPS);	“I	am	going	to	the	
right	side	because	of	those	stores	and	cafes”	(Group:	Pa-
per	map);	“I	choose	the	left	because	it	looks	nice”	(Group:	
local-signage-only).
	 d)	The	number	of	cars,	for	example,	“There	is	
busy	with	cars,	so	I	go	there”	(Group:	local-signage-only);	

“I	think	I	can	get	through	this,	the	street	on	the	right	one	
has	no	car”	(Group:	paper	map).	
	 e)	The	crowd	on	the	street,	for	example,	“I	will	
continue	here	because	here	is	less	people”	(Group:	GPS);	

“I	am	fine	with	the	left	side	of	the	street	because	I	see	a	
lot	of	people”	(Group:	paper	map).	
	 f)	Green	light,	for	example,	“I	prefer	to	turn	right,	
the	light	is	green;	it	is	better	than	waiting	for	front	cross”	
(Group:	paper	map).	
	 The	results	of	a	Kruskal-Wallis	H	test	showed	
that	the	three	groups	differed	significantly	in	using	envi-
ronmental	cues	during	navigation	[H(2)	=	6.69,	p =	0.035].

	 A	Mann-Whitney	U-test	(see	Table	6)	shows	the	
GPS	group	used	the	environmental	cues	significantly	less	
than	the	local-signage-only	group	(p=0.01),	and	there	
was	a	difference	approaching	significance	between	the	
GPS	and	paper	map	groups	(p=0.05),	while	there	was	
no	significant	difference	between	the	paper	map	and	
local-signage-only	groups	(p=0.5).
	 Comparing	 the	 participants’	 reasons	 for	 re-
membering	streets	with	those	for	choosing	a	route	seg-
ment	reveals	some	similarities,	such	as	attractions	and	
locations	next	to	the	river.
	 On	the	other	hand,	some	influential	factors	in	
route	choice	behaviour	were	not	mentioned	as	reasons	
in	the	mental	image	generation,	such	as	major	roads	and	
crowds	for	the	local-signage-only	group.	On	the	contrary,	
some	reasons	were	only	mentioned	for	mental	image	
generation	but	not	for	route	choice	behaviour,	such	as	

Table 5 /  The	participants’	environmental	preferences	for	taking	a			 
																	street.	The	percentage	within	condition	are	shown	 
																	in	parentheses
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major	roads	for	the	GPS	group.	Although	the	GPS	group	followed	the	crowd	
while	navigating	considerably	less	than	the	two	other	groups,	the	crowded	
streets	that	they	passed	through	remained	in	their	minds.	

Perceived landmarks 
	 From	the	think-aloud	recordings,	a	count	of	the	names	of	land-
marks	was	extracted	from	transcripts	for	each	group,	for	example,	“I	see	
a	big	wheel.”	There	proved	to	be	no	significant	difference	in	the	number	
of	landmarks	mentioned	across	the	groups	[F(2)	=	1.21,	p =	0.3].

D I S C U S S I O N

	 The	 results	 confirmed	 the	 outcomes	 from	 similar	 previous	 
studies	(Chang,	2015;	Ishikawa,	2012;	Ahmadpoor	&	Heath,	2018)	which	
found	that	navigational	aids	would	significantly	impact	people’s	wayfinding	
behavior	and	acquired	spatial	knowledge.
	 The	first	hypothesis	of	this	study	was	supported.	The	acquired	
spatial	knowledge	significantly	differed	among	the	three	groups.	Re-
garding	 landmark	recognition,	the	local-signage-only	group	performed	
significantly	better	than	the	two	other	groups.	While	surrounding	spatial	
knowledge,	including	the	local	signage	system,	was	the	main	source	of	
wayfinding	information	for	this	group,	the	navigational	assistance	provided	
to	the	two	other	groups	reduced	their	dependence	on	landmark	knowledge	
when	navigating.	The	paper	map	group	performed	better	in	terms	of	route	
accuracy	than	the	two	other	groups,	and	the	local-signage-only	group	more	
accurately	located	landmarks	on	drawn	routes	than	the	GPS	group.	The	
type	of	navigational	aid	had	no	significant	impact	on	distance	estimation	
performance,	but	the	paper	map	group	was	more	likely	to	remember	the	
names	of	streets	than	the	two	other	groups,	presumably	as	the	paper	map	
users	needed	to	look	for	the	names	on	the	map	to	locate	themselves	in	the	
actual	environment,	and	needed	to	see	and	understand	the	street	names	
to	know	where	to	turn.	This	is	cognitively	more	demanding.	This	result	
differed	from	that	of	Chang	(2015);	within	which	GPS	users	were	more	
successful	in	street	naming	than	the	paper	map	users	and	the	signage	
users;	one	possible	reason	could	be	the	difference	in	methods	used	in	

Table 6 /  The	results	of	the	Mann-Whitney	U-test	for	the	analysis	of	total	
																	environmental	cues	mentioned	by	participants	for	choosing	a	street	segment
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1)the	two	studies.	In	our	study,	we	separately	defined	a	

street	naming	task	by	asking	participants	to	name	the	
street	names	on	the	plain	maps	of	the	study	area.	But	
in	Chang’s	study,	street	naming	performance	was	as-
sessed	by	counting	the	road	names	provided	in	drawn	
sketch	maps.
	 The	second	hypothesis	was	partially	supported	
as	well.	The	think-aloud	data	showed	that	the	GPS	group	
used	the	environmental	information	in	their	surroundings,	
such	as	attractions	or	the	river,	significantly	less	than	the	
two	other	groups.	They	only	followed	the	turn-by-turn	
navigational	instruction	on	the	device	(Bakdash	et	al.,	
2008;	Burnett	&	Lee,	2005;	Farrell	et	al.,	2003;	Gaunet	
et	al.,	2001;	Parush	et	al.,	2007;	Péruch	et	al.,	1995).		In	
addition,	think-aloud	utterances	showed	that	the	GPS	
group	chose	to	avoid	the	crowd	in	order	to	interact	with	
their	device	undisturbed,	while	following	the	crowd	was	
used	as	a	wayfinding	strategy	by	the	two	other	groups.	
	 However,	according	to	the	think-aloud	utteranc-
es,	the	GPS	and	Paper-map	groups	still	observed	land-
marks.	There	was	no	significant	difference	in	the	number	
of	landmarks	mentioned	(perceived)	across	the	three	
groups.	But	the	local-signage-only	group	had	to	rely	on	
this	landmark	knowledge	more	and	inscribed	it	in	their	
spatial	memory.	In	other	words,	the	GPS	and	paper	map	
groups	were	more	often	only	observing	and	perceiving	
the	urban	environment,	 instead	of	exploring	and	con-
ceiving	it.	This	result	showed	that	the	reason	behind	the	
strong	landmark	knowledge	acquisition	when	using	no	
map	is	that	in	this	method	of	wayfinding	navigators	have	
to	rely	on	the	existing	landmarks	in	their	surrounding	en-
vironment	to	find	their	way.	However,	navigation	by	maps	
frees	people	from	reliance	on	those	urban	elements,	and	
they	just	perceive	but	do	not	conceive.	For	example,	al-
though	the	GPS	users	look	at	their	surroundings	and	see	
the	existing	urban	elements	(as	evidenced	by	perceived	
landmark	data),	they	cannot	remember	them	after	the	
wayfinding	task	because	they	do	not	need	to	use	them	
to	navigate	(as	evidenced	by	analysis	of	the	think-aloud	
data).	Consequently,	they	gain	poor	spatial	knowledge	
of	their	surroundings	(as	evidenced	by	sketch	mapping	
and	recognition	tests).	The	combination	of	the	cognitive	
mapping	technique	and	the	think-aloud	method	has	re-

vealed	a	new	psycho-cognitive	aspect,	beyond	that	of	
previous	studies,	of	the	effects	of	navigational	aids	on	
wayfinding	behaviour	and	spatial	cognition	
	 The	importance	of	attractions	and	buildings	
in	path	and	landmark	recognition	demonstrated	in	this	
study	confirmed	previous	work	(Long,	2008).	This	out-
come	suggests	that	map	designers,	whether	digital	or	
paper,	should	pay	more	attention	to	showing	tourist	at-
tractions	in	an	accurate	way	in	order	to	catch	the	atten-
tion	of	navigators	and	make	these	sites	more	memorable.	 
Firms	like	Google	are	developing	mapping	tools	with	in-
creasing	sophistication	in	terms	of	displaying	building	 
and	landmark	information.	Furthermore,	with	3D	models	
of	cities	now	commonplace,	more	information	could	be	
provided	to	the	wayfinder.	Augmented	reality	may	offer	 
significant	advantages	here,	if	systems	are	carefully	 
designed	to	maximize	not	just	immediate	navigation	
needs	but	also	spatial	learning.	Overall,	the	findings	of	
this	study	suggest	new	ideas	to	improve	the	functionality	
of	the	navigational	aids	in	terms	of	spatial	knowledge	
acquisition.	For	example,	putting	an	emphasis	on	the	rep-
resentation	of	noticeable	buildings	and	urban	attractions	
in	maps	can	enhance	the	memorability	of	paths	and	im-
prove	the	acquired	spatial	knowledge.	Other	implications	
include	showing	the	location	of	urban	signage	on	maps.	
Thus,	instead	of	following	the	recommended	route	on	the	
Google	map,	navigators	would	have	an	option	to	walk	
toward	the	urban	signage	and	use	this	during	navigation	
as	well,	offering	an	opportunity	to	use	spatial	knowledge	
while	exploring	the	city.	Figure	3	shows	an	example.
	 On	the	other	hand,	while	navigational	aids	can	
help	people	to	find	their	way,	it	is	important	that	archi-
tects,	urban	designers	and	urban	planners	work	together	
to	design	legible	urban	environments.	Chart	2	provides	
helpful	information	regarding	enhancing	urban	legibility	
and	creating	more	memorable	landmarks,	such	as	using	
notable	signage	for	the	names	of	buildings	or	designing	
large	open	spaces	in	front	of	buildings.		
	 There	are	several	limitations	of	our	research.	
As	in	similar	studies,	and	due	to	a	lack	of	budget,	we	
were	unable	to	continually	observe	participants	and	trust	 
that	participants	followed	the	instructions	provided	to	
them	throughout	their	wayfinding	task.	However,	the	voice	 
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recordings	give	us	confidence	that	they	did	so.	The	quality	of	the	sketch	
maps	can	be	influenced	by	the	drawing	ability	of	participants.	In	addition,	 
we	used	even	numbers	of	raters	for	rating	the	sketch	maps,	although	the	 
agreement	between	raters	was	so	high	it	suggests	that	using	odd	numbers	
of	raters	can	strengthen	the	certainty	of	the	result.	
	 Methodologically,	the	study	showed	the	value	of	including	the	
think-aloud	model	in	such	research	designs.	It	provided	useful	insights	
into	landmark	knowledge	and	route	knowledge	formation.	In	addition,	to	
answer	the	research	question	we	used	slightly	improved	cognitive	mapp-
ing	methods	compared	with	previous	studies,	such	as	distance	estimation	
and	street	naming	tasks.	As	GPS-based	smartphone	apps	and	similar	
technology	improve,	we	need	to	continue	to	develop	methods	that	help	
us	observe	behavior,	capture	acquired	spatial	memory,	and	understand	
how	and	why	such	memories	are	created.	
	 Some	issues	remain	unresolved.	There	are	many	options	for	
spatial	memory	testing,	but,	as	we	found,	respondent	burden	and	costs	
are	high	if	one	includes	most	of	them.	If	one	had	to	reduce	the	set	of	
tests	conducted,	it	would	be	difficult	to	discern	which	tests	would	“best”	
help	researchers	understand	particular	issues	of	wayfinding	effectiveness,	
spatial	cognition,	and	memory.	
	 For	practitioners,	there	remains	a	need	to	continue	to	improve	

Figure 3 /  

Google	Maps	app	before	(left)	
and	after	representing	the	urban	
signage	(right)		
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1)urban	wayfinding	systems,	regardless	of	the	increasing	use	of	digital	nav-

igation.	Practitioners	may	wish	to	explore	ways	in	which	the	wayfinding	
systems	that	cities	are	installing	in	the	built	environment	can	better	interact	
with	digital	wayfinding.	They	may	also	wish	to	disrupt	GPS	navigators	and	
encourage	them	to	make	other	route	choices.	How	these	outcomes	might	
best	be	achieved	has	been	little	explored	as	yet.
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