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Summary
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	 Among	the	many	information	sources,	the	internet	has	evolved	as	the	one	that	is	most	widely	
used.	Much	of	the	information	on	the	internet	involves	some	geographical	context.	Extracting	this	
geographical	context	from	internet	documents	has	therefore	drawn	interest	from	geographic	infor-
mation	science	and	computer	science	to	exploit	this	potential	resource.	This	information	seeking	and	
extraction	process,	however,	is	made	made	harder	by	the	fact	that	in	contrast	to	conventional	data-
bases,	internet	documents	are	essentially	unstructured,	incomplete,	heterogeneous	and	dynamic	in	
nature.

Existing	search	engines	or	information	retrieval	systems	are	only	partially	capable	of	extracting	geo-
graphical	context	in	the	same	manner	as	other	content.	Conventional	search	engines	are	ill	equipped	
to	interpret	geographic	prepositions	expressed	by	the	user’s	such	as	“Hotels	in	Hyderabad”.	The	geo-
graphic	preposition	“in”	would	generally	be	treated	as	a	stop	word	and	discarded	from	the	search.	
Likewise,	most	of	the	existing	and	conventional	geographic	information	systems	do	not	use	the	geo-
graphic	information	available	on	the	World	Wide	Web.

The	thesis	establishes	the	need	for	a	geographic	search	engine	as	a	key	element	of	a	semantic	web,	
since	geography	is	perhaps	one	of	the	most	familiar	and	common	means	by	which	we	express	our	
information requests. We start off with a comprehensive framework for the extraction of geographic 
information,	 investigate	 various	 exploratory	 representations	 of	 geographic	 information	 retrieved	
from the internet and finally draw empirical measures to evaluate the effectiveness and efficiency of 
these	representations	in	supporting	the	exploratory	information	seeking	process.

The	thesis	starts	by	motivating	this	work	within	the	evolution	of	the	internet	and	the	World	Wide	
Web as a source of geographical information, reviewing some of the recent efforts towards geograph-
ical	information	retrieval,	as	well	as	the	limitations	of	current	web	search	engines.	Subsequently	we	
introduce	the	basics	of	information	retrieval,	information	seeking	models,	visualization	techniques,	
interaction	models,	and	cognition.	This	is	followed	by	an	empirical	study	to	analyse	the	requirements	
for	constructing	a	spatially	aware	information	seeking	system,	using	existing	search	engines	and	web	
mapping	services	widely	used	today.	We	then	go	on	to	discuss	the	visualization	options	used	in	the	
design	of	the	multi	modal	user	interface	of	the	prototype	GIR	system	developed	by	researchers	of	the	
EU/FP5	project	SPIRIT,	which	this	thesis	project	was	part	of.	The	following	chapter	then	presents	an	
overview	of	the	SPIRIT	prototype.

In an effort to reinforce theoretical foundations discussed in the earlier half of the thesis, an empiri-
cal	study	was	conducted	to	evaluate	the	exploratory	representations	adopted	in	the	SPIRIT	proto-
type.	This	prototype	supports	 the	extraction	and	visual	representation	of	geographic	 information	
from	 web	 documents.	 While	 the	 emphasis	 of	 these	 representations	 has	 been	 on	 spatialization	 of	
geo-referentiable	information	retrieved	from	the	internet,	the	most	elementary	display	of	the	results	
is	in	the	form	of	a	textual	listing,	supported	by	relevant	footprints	(i.e.	geographic	extent)	of	the	docu-
ments	displayed	on	a	map,	which	is	referred	to	as	map	based	representation.	Documents	are	simply	
represented	by	their	footprint’s	centroid,	though	they	may	have	widely	varying	spatial	extents	(e.g.	
the	 footprint	 of	 Switzerland	 vs.	 the	 footprint	 of	 Zurich).	 Footprints	 have	 evolved	 as	 a	 medium	 of	
cataloguing the geographic extent of the information available on the web relating to a specific loca-
tion.	 Besides	 the	 elementary	 map-based	 representation	 other	 visualization	 techniques	have	 been	
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adopted in the SPIRIT prototype, including density surface representation, footprint based filtering 
and	cartogram	based	representation.	Apart	from	these,	two	other	mock-up	representations	namely	
spatial	acitivity	map	and	isoline	based	representations	have	been	proposed.	Each	of	these	aforemen-
tioned	techniques	serve	varying	functionality.

The	empirical	study	with	50	test	subjects	revealed	that	the	density	surface	representation	is	a	widely	
accepted	visual	representation	in	comparison	with	other	visual	representations.	Such	inferences	are	
supported	by	a	stronger	response	value	favouring	density	surface	representation.	This	is	due	to	their	
inherent	characteristics	that	they	present	a	comprehensive	summary	of	the	spread	of	the	documents	
over a defined geographic region. Footprint based filtering, on the other hand, is the least understood 
and users tend to get confused most. However, there has been significant increase in approval in the 
users’ response when provided with adequate training. This significant shift has been accounted by 
the	fact	that	users	lacked	adequate	understanding	of	the	concepts	relating	to	‘geographic	extent	of	a	
footprint’,	while	after	training	it	has	been	easier	to	identify,	locate,	rank	and	understand	the	underly-
ing	relationships	between	footprints	and	documents.	This	is	due	to	the	ability	to	selectively	prune	
through the results based on the geographic extent and the number of footprints. The learning effect 
was	less	pronounced	for	the	cartogram	representation.

As another finding, the mock-up designs for activity maps and for isoline representations received 
very positive judgments by the test users, despite the fact that by definition mock-ups are not func-
tional. This finding seems to suggest that mock-up representations may not be sufficient to evaluate 
the effectiveness of visualization designs in an unbiased manner, though this is often done in cogni-
tive	experiments.

In	summary,	while	none	of	the	representations	that	were	tested	in	this	work	seem	to	be	capable	of	
covering	the	full	gamut	of	requirements	of	exploratory	visualization	of	geographic	 information	re-
trieval,	it	could	be	shown	that	they	are	in	many	ways	complementary	to	the	simple	map	based	repre-
sentations that are used in current geographic search engines such as Google Maps. Hence, they offer 
interesting	alternatives	for	extending	the	current	state	of	the	art,	hence	improving	the	exploration	
and findability of geographic information on the internet.
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Zusammenfassung
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	 Unter	den	vielen	Informationsquellen,	die	uns	heute	zur	Verfügung	stehen,	hat	sich	das	In-
ternet	(bzw.	World	Wide	Web)	in	den	letzten	Jahren	zur	am	weitesten	verwendeten	entwickelt.	Ein	
grosser	Teil	der	Information	auf	dem	Internet	involviert	dabei	einen	geographischen	Kontext.	Die	
Nutzung	dieser	Informationressource	durch	Extraktion	des	geographischen	Kontexts	aus	Internet-
dokumenten	hat	deshalb	das	Forschungsinteresse	aus	der	geographischen	Informationswissenschaft	
und	 der	 Informatik	 auf	 sich	gezogen.	Dieser	Prozess	der	 Informationssuche	und	 -extraktion	 wird	
allerdings	erschwert	durch	den	Umstand,	dass	 Internetdokumente	 im	Gegensatz	zu	konventionel-
len	 Datenbanken	 typischerweise	 unstrukturierter,	 unvollständiger,	 heterogener	 und	 dynamischer	
Natur	sind.

Existierende	Suchmaschinen	oder	Information	Retrieval	Systeme	sind	nur	ansatzweise	in	der	Lage,	
geographischen	Kontext	in	der	gleichen	Art	zu	extrahieren	wie	sie	dies	für	andere	Inhalte	tun	kön-
nen.	 Konventionelle	 Suchmaschinen	 sind	 schlecht	 ausgerüstet,	 um	 geographische	 Präpositionen	
in	 Suchanfragen	 wie	 “Hotels	 in	 Hyderabad”	 zu	 interpretieren.	 Die	 geographische	 Präposition	 “in”	
beispielsweise	wird	allgemein	als	sog.	Stopword	behandelt	und	ignoriert.	Ebenso	nutzen	die	meisten	
existierenden	Geographischen	Informationssysteme	die	geographische	Information	auf	dem	World	
Wide	Web	nicht.

Diese	Arbeit	geht	von	der	Annahme	aus,	dass	eine	geographische	Suchmaschine	ein	Schlüsselelement	
des	Semantischen	Webs	ist,	da	Geographie	wohl	eine	der	vertrautesten	und	allgemeinsten	Arten	ist,	
wie	wir	unsere	Informationsanfragen	ausdrücken.	In	dieser	Arbeit	entwickeln	wir	ein	umfassendes	
Konzept	der	Extraktion	geographischer	Information,	untersuchen	verschiedene	explorative	Darstel-
lungen	für	aus	dem	Internet	extrahierte	geographische	Information	und	evaluieren	danach	durch	
empirische Untersuchungen die Wirksamkeit und die Effizienz, mit der diese Repräsentationen den 
explorativen	Prozess	der	Informationssuche	unterstützen	können.

Die	Dissertation	startet	in	der	Einleitung	damit,	diese	Forschung	zu	motivieren	durch	die	Evolution	
des	Internets	und	des	World	Wide	Web	als	Quelle	geographischer	Information	und	indem	jüngere	
Bemühungen	für	Geographic	Information	Retrieval	(GIR)	sowie	die	Einschränkungen	heutiger	Web-
Suchmaschinen	diskutiert	werden.	Danach	führen	wir	in	die	Grundlagen	von	Information	Retrieval,	
Modellen	der	Informationssuche,	Visualisierungsverfahren,	Interaktionsmodellen	und	Kognition	ein.	
Dies	wird	gefolgt	von	einem	Bericht	über	eine	empirische	Studie,	in	der	eine	Analyse	der	Anforderun-
gen	an	ein	System	für	die	räumlich	bewusste	Informationssuche	durchgeführt	wurde;	die	Studie	be-
diente	sich	heute	existierender	Suchmaschinen	und	Diensten	für	Web	Mapping.	Wir	fahren	danach	
weiter	mit	einer	Diskussion	verschiedener	Visualisierungsoptionen,	die	im	Design	der	multimodalen	
Benutzerschnittstelle	eines	Prototypsystems	für	GIR	berücksichtigt	wurden,	das	von	ForscherInnen	
des	EU/FP5	Projekts	SPIRIT	entwickelt	wurden.	Das	folgende	Kapitel	gibt	sodann	einen	Überblick	
über	den	SPIRIT-Prototypen.

In	 der	 Absicht,	 die	 theoretischen	 Grundlagen	 und	 Annahmen	 des	 ersten	 Teils	 dieser	 Disserta-
tion	 zu	 erhärten,	 wurde	 eine	 empirische	 Studie	 durchgeführt,	 um	 die	 explorativen	 Repräsentatio-
nen	des	SPIRIT-Prototypen	zu	evaluieren.	Dieser	Prototyp	unterstützt	die	Extraktion	und	visuelle	
Repräsentation	von	geographischer	Information	aus	Webdokumenten.	Während	der	Akzent	dieser	
Repräsentationen	auf	der	räumlichen	Visualisierung	(Spatialization)	georeferenzierbarer	textueller	
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Information	 aus	 dem	 Internet	 liegt,	 ist	 die	 einfachste	 Darstellungsform	 für	 die	 Resultate	 in	 Form	
einer	Textliste,	unterstützt	durch	eine	Darstellung	der	Footprints	(d.h.	räumliche	Ausdehnung)	der	
relevanten	Dokumente	auf	einer	Karte.	Diese	Darstellungsform	wird	kartenbasierte	Repräsentation	
genannt.	Die	Dokumente	werden	dabei	vereinfachend	über	den	Schwerpunkt	ihres	Footprints	abge-
bildet,	obwohl	die	räumlichen	Ausdehnungen	stark	unterschiedlich	sein	können	(z.B.	Ausdehnung	
der	Schweiz	vs.	Ausdehnung	der	Stadt	Zürich).	Footprints	haben	sich	zu	einem	Mittel	der	Katalogis-
ierung des geographischen Bezugs der Information entwickelt, die auf dem Web für eine spezifische 
Lokalität	 vorhanden	 ist.	 Neben	 der	 Grundform	 der	 kartenbasierten	 Repräsentation	 wurden	 auch	
andere Visualisierungstechniken im SPIRIT-Prototypen implementiert, darunter Dichteoberflächen, 
Footprint-basierte	Filterung	und	Kartogramme.	Zusätzlich	zu	diesen	wurden	zwei	weitere	Visualis-
ierungsformen	vorgeschlagen	und	getestet,	die	allerdings	nur	als	Mock-ups	(Maquetten)	realisiert	
wurden,	sog.	Spatial	Activity	Maps	und	Isolinien-Repräsentationen.	Jede	der	oben	erwähnten	Visual-
isierungstechniken	dient	unterschiedlichen	Funktionen.

Die empirische Studie mit 50 ProbandInnen zeigte, dass Dichteoberflächen breite Zustimmung 
finden im Vergleich mit anderen Repräsentationen. Diesen Schluss legen die klar besseren Zustim-
mungswerte für Dichteoberflächen nahe. Dies ist auf die inhärente Eigenschaft zurückzuführen, dass 
Dichteoberflächen einen guten Überblick über die Verteilung der Dokumente einer geographischen 
Region	bieten.	Andererseits	ist	die	Footprint-basierte	Filterung	die	am	wenigsten	gut	verstandene	
Repräsentation, welche die Benutzer am meisten verwirrte. Allerdings war eine signifikante Zu-
nahme	 der	 Zustimmung	 der	 Benutzer	 festzustellen,	 wenn	 diese	 eine	 adäquate	 Einführung	 in	 die	
Funktionsweise dieser Repräsentationsform erhalten hatten. Diese signifikante Veränderung konnte 
an	der	Tatsache	festgemacht	werden,	dass	die	Benutzer	das	Konzept	der	‘geographischen	Ausdeh-
nung	eines	Footprints’	ohne	Training	nicht	verstehen	konnten,	während	es	für	sie	nach	erfolgtem	
Training einfacher war, Beziehungen zwischen Footprints und Dokumenten zu identifizieren, zu 
lokalisieren,	zu	rangieren	und	zu	verstehen.	Dies	wird	möglich,	indem	mit	dieser	Darstellungsform	
die resultierenden Webdokumente selektiv gefiltert und ausgewählt werden können entsprechend 
ihrer geographischen Ausdehnung und der Zahl der Footprints. Der Lerneffekt war für die Karto-
grammdarstellung	weniger	ausgeprägt.

Als	weiteres	Resultat	dieser	Untersuchung	ergab	sich,	dass	die	Mock-up	Designs	für	die	Spatial	Ac-
tivity	Maps	und	für	die	Isoliniendarstellungen	sehr	positive	Bewertungen	durch	die	BenutzerInnen	
erhielten, obwohl solche Mock-ups definitionsgemäss gar nicht funktional sind. Diese Beobachtung 
scheint	darauf	hinzuweisen,	dass	Mock-up	Repräsentationen	nicht	genügend	sein	könnten,	um	die	
Wirksamkeit	von	Visualisierungsdesigns	in	einer	unverfälschten	Weise	zu	evaluieren,	obwohl	dies	
oft	so	gemacht	wird	in	kognitiven	Experimenten.

Zusammenfassend	kann	gesagt	werden,	dass	zwar	keine	der	untersuchten	Repräsentationen	in	der	
Lage	 zu	 sein	 scheint,	 die	 volle	 Bandbreite	 der	 Anforderungen	 der	 explorativen	 Visualisierung	 im	
Geographic	 Information	 Retrieval	 abzudecken,	 dass	 aber	 auch	 gezeigt	 werden	 konnte,	 dass	 diese	
in	mannigfaltiger	Weise	komplementär	sind	zu	den	elementaren	kartenbasierten	Repräsentationen,	
die in heutigen geographischen Suchmaschinen wie Google Maps verwendet werden. Sie offerieren 
so	interessante	Alternativen,	um	den	Stand	der	Forschung	zu	erweitern	und	damit	die	Exploration	
und Auffindbarkeit von geographischer Information im Internet zu verbessern.
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Introduction

“What	to	do	with	too	much	information	is	the	great	riddle	of	our	time”

- Theodore Zeldin. An Intimate History of Humanity (Stafford & Webb, 2004)

Chapter 1

Exploratory Representation for Geographic Information Retrieved from the Internet 2�

	 	 During	its	course	of	evolution	the	internet	has	seen	exponential	growth	and	has	be-
come	increasingly	complex	and	has	scaled	to	new	dimensions.	Among	the	many	information	sources,	
the	‘internet’ – and more specifically the World Wide Web (WWW, or ‘the web’) – has evolved as the 
most	widely	used	information	source	today.	Green	(2000,	p.124)	states	that	“despite its uniform inter-
face and seamless linked integration, the web is not a single coherent element”.	There	are	two	distinct	
elements	of	the	web:		the	‘visible’	and	the	‘invisible’,	which	are	sometimes	referred	to	as	the	‘static’	
and	‘dynamic`.	“The static web pages provide the same generic information to everyone, while dynami-
cally generated web pages provide unique information, customized to the user’s specific requirements”	
(Green,	2000.	p.124).	Neilsen	(1995)	has	placed	the	estimates	of	internet	growth	to	around	333	per-
centage	annually,	while	Murray	(2000)	based	on	the	continuum	model	has	estimated	that	7.3	million	
unique	pages	are	added	per	day.	However,	the	study	results	do	not	include	ftp	sites	or	secure	sites	
(HTTPS).	Furthermore,	the	study	reveals	that	of	the	more	than	350	million	links	considered	about	
10.43	percent	generated	broken	link	error	messages	and	less	than	one	percent	timed	out.	 	Google	
claims	to	have	indexed	more	than	8	billion	pages	on	November	10th	2004	(Source:	http://www.caslon.
com.au/metricsguide2.htm#pages).

	 Understanding	the	heterogeneous	nature	of	the	internet	can	lead	to	a	characteriza-
tion	as	being	unstructured	(vaguely	structured),	incomplete,	inter	linked,	disparate,	diverse,	
and	dynamic.	Bearing	in	mind	the	complexities	in	gleaning	through	information	on	the	in-
ternet,	numerous	strategies	have	evolved	to	present	relevant	information.	Thus,	information	
retrieval	engines,	widely	known	as	‘search engines’,	have	become	widely	adopted.	In	the	next	
section,	we	explore	through	the	evolution	of	search	engines.

1.1	Search	Engines
	 Early	 search	 engines	 primarily	 focused	 on	 retrieving	 the	 information	 based	 on	 keywords	
from	an	indexed	database	of	web	pages.	Green	(2000,	p.126)	states	that	the	primary	components	of	
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a	search	engine	are:
1.	a	spider	that	examines	web	sites;
2.	an	index/database	of	web	site	listings;
3.	interrogation/retrieval	software.

`spiders`	are	“programs that search the web for new web pages, index words and /or links on those pag-
es, and match the indexed words with the URL of the pages on which they appear”		(Green,	2000,	p.126).	
The	 core	 component	 of	 these	 search	 engines	 is	 “what the user interrogates”	 (Green,	 2000,	 p.126).	
Based	on	the	user’s	information	request	any	search	engine	is	equipped	with	tools	that	facilitate	inter-
rogation	of	a	database	to	match	words	or	terms	which	are	indexed	by	the	spiders.	The	location	and	
frequency of these search terms against a list of matching web sites defines the ranking/relevance 
of each of the corresponding web pages with respect to it. Different algorithms and techniques are 
applied	to	analyse	the	locations	and	frequencies	to	‘rank’	each	of	these	web	pages	retrieved	by	the	
search	engine.

 The rank of a web page (document) can be defined as a mechanism to determine the im-
portance	 of	 any	 web	 page	 based	 on	 the	 user’s	 information	 request.	 It	 has	 been	 widely	 argued	 in	
the literature that the ranking of a web page (document) does not necessarily reflect the potential 
relevance	as	perceived	by	the	users.	Research	regarding	relevance	dates	back	to	the	late	1950’s	and	
1960’s	(Mizzaro,	1997)	where	relevance	has	been	considered	as	a	potential	property	not	only	of	ut-
terances	but	also	of	other	observable	phenomena,	thoughts,	memories	and	conclusions	of	inferences.	
Mizzaro (1997) presents an exhaustive literature review outlining definitions and criteria adopted in 
the	past	three	decades	to	qualify	and	quantify	the	measure	of	relevance	in	the	information	sciences.	
The	relevance	history	has	been	placed	in	three	periods	(before	1958,	1959-1976,	1977-present).	A	
careful	analysis	is	presented	subsequently	based	on	seven	aspects:	“methodological foundations, dif-
ferent kinds of relevance, beyond-topical criteria adopted by users, mode of expression of the relevance 
judgements, dynamic nature of relevance, type of documents representation adopted, and agreement 
among different judges”	(Mizzaro,	1997.	p.811).		For	the	sake	of		brevity,	we	strike	at	those	aspects	
of	relevance	which	have	been	a	result	of	demonstrating	the	capability	to	retrieve	and	represent	the	
information requested by the user.  Barry (1994, p. 154, Table 1) has defined a set of criteria which 
govern  the  relevance of a specific document, including the  usefulness of the documents’ information 
content,	the	user’s	experience	and	background,	the	user’s	belief	and		preferences,	the	information	
environment,	the	sources	of	the	documents,	obtainability	of	the	document,	and	the	user’s	situation.	

	 	 	 	Often	varied	statistics	and	comparisons	(Bar-Ilan,	1998/1999),	Henzinger	et 
al. 			1999)	have	been		used	based	on	size,		freshness1,	vaguely structured context within the document 	
(Henzinger	 et al.,	 2002),	 “popularity or connectedness”	 (Henzinger	 et al.,	 2002,	 Lawrence	 &	 Giles,	
2000),	short-lived inconsistent search behaviour2	over	search engine overlap3		(Jacsó,	2005,	Sherman,	
2004).	distribution	(	Lawrence	&	Giles,	2000),	change overtime, coverage and recency	(Lawrence	&	
Giles,	2000.	Eastman	&	Jansen,	2003).	Unique hits4	and		dead links5 have been presented by different 

1	 http://www.searchengineshowdown.com/stats/freshness.shtml

2	 http://www.searchengineshowdown.com/features/google/inconsistent.shtml	
	http://www.searchengineshowdown.com/features/av/inconsistent.shtml	
	http://www.searchengineshowdown.com/features/hotbot/inconsistent.shtml	
	http://www.searchengineshowdown.com/features/nlight/inconsistent.shtml	
	http://www.searchengineshowdown.com/stats/	

3	 Notess	(1���)	cites	that	the	importance	of	trying	multiple	search	engines,	highlighting	
	 missing	information,	if	one	uses	long	phrases	and	that	presents	better	results	when	
	 broken	into	smaller	phrases.	http://www.searchengineshowdown.com/stats/overlap.shtml
�	 http://www.searchengineshowdown.com/stats/unique.shtml
�	 http://www.searchengineshowdown.com/stats/dead.shtml
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 11.1 Search Engines

industries	working	in	the	information	retrieval	business.	

 However, despite the proposal of such differentiated criteria in the literature, for over a dec-
ade,	‘size’	has	been	a	surrogate	of		‘relevance’  for comparative benchmarks between different search 
engines.	 	 A	 relative	 size	 showdown	 has	 placed	 Google	 as	 forerunner	 [Notess,	 2005,	 Sullivan	 et al.,	
2004].	 However,	 the	 notion	 of	 	 size	 as	 a	 bench	 mark	 for	 comparison	 for	 search	 engines	 has	 been	
widely	criticized	by	technology	journalists	and	editors	of		Search	Engine	Watch	(Sullivan	et al.,	2004).	
Furthermore,	they	argue	that	“search engine size figures are useful but by no means should they be 
taken as a surrogate for relevancy figure”.

	 According	to		Schwartz	(1998)	search	engine	services	can	be	primarily	categorized	into	clas-
sified lists and query-based engines. According to Schwartz (1998,p. 974), classified lists (or direc-
tories)	such	as	Yahoo,	MSN,	Lycos,	Snap,	AOL,	and	Search	Britannica	“present an array of resource 
links in systematically arranged categories, often complex hierarchies”	and	“usually allow query-based 
search of category labels and resource titles”.	 Conversely,	 query-based	 engines	 such	 as	 Google,	 Al-
tavista,	HotBot,	Excite,	Teoma	and	Go	“run search algorithms based on user input text expressions”	and	

“provide browsable categories as well, but it is generally obvious that a search engine is primarily of one 
kind of the other”.

Figure 1.1 : Taxonomy of  Web Metrics (Dhyani et al.,2002. p.471, Fig.1)
	 	
	 Dhyani		et al., (2002) made a similar effort in measuring all aspects of the information and 
identified the taxonomy of metrics shown in Fig 1.1, which originates from diverse areas such as 
classical		informetrics,	library	science,	information	retrieval,	sociology,	hypertext	and	econometrics.	
These	metrics	presented	are	“invariably proposed within the context of techniques to improve the qual-
ity and usefulness of measurable objects, in this case, information on the web”	(Dhyani	et al.,	2002.,	p.	
470).	These	search	services	are	predominantly	governed	by	the	set	of	 features	and	functionalities	
each	of	the	search	engines	deliver.	A	comparative	chart	of	search	engines	features	is	presented	by	the	
technology	journalist	Notess	(2005)	of	Search	Engine	Showdown.

1.2 Motivation
 The internet has mobilised significant research interests within cartography, geographic in-
formation	science,	and	computer	science	over	the	last	decade.	Information	on	the	internet	in	essence	
is	in	the	form	of	text	and	graphics.	During	its	evolution	varied	formats	such	as	text	and	graphics	have	
been	embedded	within	the	internet	to	describe	and	illustrate	concepts.	Berners-Lee	(1999)	concep-
tualized	the	internet	(web)	as	an	information	space	that	facilitates	not	only	human	information	ex-
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change,	but	also	participation	of	machines	and	users	within	the	communication	medium.	In	addition	
to	this,	it	is	rich	with	information	relating	to	a	geographic	location,	despite	being	abstract.	The	inter-
net is also embedded with information relating to the occurrence of specific events with respect to 
a geographic location. One such illustration are news articles which detail the occurrence of specific 
events	with	reference	to	a	geographic	location	(Herzog,	2003).

	 The	potentials	of	the	web	as	an	interface	for	mapping	had	been	envisioned	in	the	late	1980s	
(Egenhofer	&	Frank,	1988).	DiBiase	et al.	(1993)	illustrated	that	the	provision	of	a	map-based	graphi-
cal	interface	to	geographic	databases	facilitates	the	ease	of	presentation	of	dense	information	as	com-
pared to text-based interfaces. Laurini & Milleret-Raffort (1990) state that using an object-based hy-
per	document	introduces	spatial	referencing	to	all	the	components.	So-called	hypermaps	have	been	
considered	as	a	medium	to	navigate	through	huge	amounts	of	information.	The	mid	1990s	saw	an	
upsurge	in	free	web	mapping	services,	including	the	U.	S.	Bureau	of	Census	Tiger	Mapping	Service,	
Multimap	(1996),	Map24	(1996),	and	MapQuest	(1996).	These	services	focused	primarily	on	meet-
ing	the	the	demands	of	the	tourism	industry.	Their	primary	features	include	door-to-door	travel	di-
rections,	road	maps	of	the	world,	street	level	maps,	and	tourism	related	services	such	as	booking	of	
holiday	cottages,	restaurants,	or	train	tickets.	

	 Subsequently,	evolution	took	place	 in	the	Alexandria	Digital	Library	(Smith,	1996;	Chen	et 
al.,	1997)	established	in	1990s	to	address	the	problems	of	traditional	map	libraries.	By	1999,	it	had	
evolved	to	facilitate	services	based	on	an	extensive	collection	of	geo-referenced	information	objects.	
This	included	capabilities	to	access	information	from	items	in	the	library	spread	across	the	internet	
and	by	description	of	geographic	locations	on	Earth,	as	well	as	by	other	characteristics	of	the	infor-
mation	(Smith	et al.,	2001).	

	 	 Ding	et al. (2000,	p.	326)	discussed	the	interest	within	the	geographical	community	
to	identify	information	embedded	within	the	web	pages	and	cited	that	“unfortunately, current web 
search engines largely ignore the geographical scope of the web resources”.	In	2000,	there	was	a	tenta-
tive	version	of	“somewherenear”	(http://www.somewherenear.com),	which	was	designed	as	a	geo-
graphic search engine facilitating users to find things by proximity to other things,  based on distance 
from	the	information	available	on	the	internet.	This	search	engine	focused	on	retrieving	resources	
associated to a specific place or post code (or zip code) found in associations with yellow page serv-
ices	and	some	digital	map	web	sites.	

	 Jones	 et al. (2002) identified that “the northern light geo-search tool from Vicinity (http://
www.northernlight/geosearch.html) includes a facility for geographical information retrieval. It allows 
the user to enter part or all of an address, along with a category of interest and a search radius. It finds 
other places within the specified radius, with the aid of a digital map”.	A	similar	retrieval	 facility	 is	
found	on	www.somewherenear.com,	as	mentioned	above.	A	major	shortcoming	of	this	approach	(i.e.	
linking	yellow	pages	to	web	documents)	is	that	these	geo-search	tools	cannot	recognize	alternative	
for	the	same	place,	whether	they	are	modern	and	historical	variants,	 informal	names	or	names	of	
contained places. Furthermore, their user interfaces are limited in the options offered to specify and 
refine a search  and to visualize  the results, reflecting  their lack of knowledge of the semantics of 
geographical	terminology	and	the	associated	spatial	structures.	

	 A	study	carried	out	by	McCurley	(2001)	to	estimate	the	percentage	of	web	documents	refer-
ring	to	geographic	locations	has	established	that	10%	of	the	web	documents	referred	to	a	US	zip	code	
or	telephone	number.	Gravano	et al., (2003)	carried	out	experimental	studies	to	classify	web	pages	
(and	resources	in	general	)	according	to	their	geographical	locality	either	local	or	global,	independent	
of	whether	they	contain	place	names,	based	on	the	prevalence	and	diversity	of	place	names	in	search	
results	for	the	queries.	Search	engine	query	logs	are	rich	with	information	relating	to	geographic	lo-
cation,	formulated	by	the	users.	Sanderson	&	Kohler	(2004)	analysed	an	Excite	Query	Log	from	2001	
(1,025,910	 queries)	 to	 investigate	 the	 extent	 and	 variation	 of	 web	 queries	 containing	 geographic	
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 1terms.	They	found	that	18.6%	of	the	queries	contained	a	geographic	term	and	14.6%	had	a	place	
name	(refer	to	Table	1.1).	In	2005,	Himmelstein	estimated	that	at	least	20%	of	the	web	pages	includ-
ed one or more easily recognisable and unambiguous geographic identifier, such as a postal address. 
Very	recently,	Zhang	et al., (2006) identified that 12.7% of four million queries sampled contained a 
place	name,	and	argued	that	it	is	the	proponent	of	the	user’s	information	request.	

Table 1.1: Statistics of geo-queries in 2001 Excite log  (Sanderson & Kohler, 2004)

Variables No of Queries % of the geo-queries % of full sample

Queries with place 
names

369 79.5 14.8%

Queries with other 
geo-terms

189 40.7 7.6%

Queries with any geo-
terms

464 100 18.6%

	 Despite	the	prevalence	of	geographic	context	 in	web	documents,	existing	search	engine	 fa-
cilities are poorly adapted to help users find information that relates to a specific ‘geographic loca-
tion’,		and	neither	are	they	equipped	with	tools	to	visualize	this	information	in/onto	the	geographic	
dimension.	Hence,	an	ambitious	quest	for	the	exploitation	of	these	potential	internet	resources	has	
been	on	the	agenda	in	cartography	and	geographical	information	science	during	recent	years.	The	
dynamism,	scale	and	diversity	of	the	data	coupled	with	its	incomplete	and	unstructured	nature,	pose	
a	still	stronger	challenge	to	perceive	this	information	while	adding	a	geographic	dimension	to	it.	Not-
edly,	technology	journalist	Levy	(2004)	quotes	of	the	potential	challenges	of		“adding a geographical 
dimension to an existing application not only increases its utility but sometimes produces a level of 
information that’s downright scary”.		Indeed	by	adding	a	geographic	dimension	to	this	unstructured,	
disparate, diverse and dynamic information obtainable from the internet has offered a multitude of 
possibilities and also solutions to users interested to learn about specific information with respect to 
a	geographic	location.	

	 The	complexities	and	the	challenges	posed	by	the	addition	of	the	geographic	dimension	to	
the	information	available	from	the	internet	led	to	the	demand	for	tools	that	process	and	disseminate	
information	 to	 the	 users.	 Egenhofer	 (2002,	 p.1)	 envisioned	 the	 need	 for	 “better retrieval methods 
by incorporating the data semantics and exploiting the semantics during the search process”	with	a	

“geospatial perspective so that the particularities of geospatial meaning are captured appropriately”.	
Furthermore, Egenhofer (2002, p.1) identified the need for the creation of  “multiple spatial and ter-
minological ontologies, each with formal semantics”	which	facilitates	the	ease	of	representation	with	
respect	to	computation	and	human	understanding.	In	addition	to	this	Egenhofer	argues	that	it	would	

“lead to the creation of new frameworks for geospatial information retrieval based on the semantics of 
spatial and terminological ontologies”.	 	For	the	creation	of	such	frameworks,	would	necessitate	the	

“evaluation of retrieval results based on the match between the semantics expressed information need 
and the available semantics of the information resources and search systems”.		However,	in	the	years	
following	Egenhofer’s	paper	little	attention	has	been	paid	to	retrieve	information	based	on	geograph-
ic	context	and	in	generating	adaptive	and	easy	to	understand	visual	representations	of	the	same.

 Thus, in this work we aim to exploit contemporary knowledge from diverse fields such as 
information	retrieval,	spatial	cognition,	cartography,	information	visualization	and	usability	studies	
to	deliver	a	comprehensive	discussion	of	the	problem	of	geospatial	representation	and	exploratory	
visualization	of	the	results	of	spatially	aware	information	retrieval.	This	work	was	embedded	in	the	
EU/FP5	research	project	SPIRIT	(http://www.geo-spirit.org),	in	which	six	European	groups	collabo-
rated	to	develop	technology	and	methods	for	geographic	information	retrieval.

1.2 Motivation
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	 A	further	source	of	inspiration	is	drawn	from	Egenhofer’s	(2002)	vision	for	the	creation	of	a	
framework	for	drawing	geospatial	perspectives	from	unstructured,	disparate,	dynamic,	diverse	and	
sometimes	incomplete	information	from	the	internet.	Montello	(2002,	p.	283)	pointed	out	that	for	
drawing	geospatial	perspective,	‘maps’	are	cognitive	devices	that	ease	human	understanding,	but	has	
cautioned	that	these	‘maps’ are usually of subjective design and their influence would stimulate new 
methods	and	new	perspectives.	In	tune	with	these	arguments,	Benelli	et al. (2001,	p.	22)	also	stated	
that	“maps are cognitive artifacts that represent not only the characteristics of the information space 
but also the use people make of the space”.

 Foundations towards mobilizing such a framework have been seen in the works of Woodruff 
&	Plaunt	(1994),	Buyukkokten	et al. (1999),	which	primarily	focused	on	exploiting	geographical	lo-
cation information of web pages. Their work offers initial approaches to compute the geographical 
location of all entities. Woodruff and Plaunt (1994) proposed an algorithm for automated extraction 
of	 geo-positional	 coordinate	 index	 terms	 from	 text	 to	 support	 geo-referenced	 document	 indexing	
and	retrieval.	Presenting	a	case	for	the	need	for	such	manual	indexing	in	the	literature	by	Hearst	&	
Plaunt (1993) and Holmes (1990). Notedly, it has also been identified that Aronoff (1989) presented 
a	notion	of	geo-referenced	data	which	is	commonly	characterized	as	having	physical	dimensions	and	
a	spatial	location,	and	a	geo-referenced	document	is	indexed	according	to	such	data.	In	addition,	the	
inherent difficulties involved in text-based georeferencing are presented. These being:

•		neologism�	(Farrar	and	Lerud,	1982).
•		spatial and naming variation	(Farrar	and	Lerud,	1982)
•		name changes (Farrar and Lerud, 1982 and Griffiths, 1989)
•		spatial boundary changes (Griffiths, 1989)
•		lack of uniqueness (Griffiths, 1989 and Holmes, 1990)

 Finally, an algorithm is presented by Woodruff & Plaunt (1994) which extracts geographic 
references	from	text	by	identifying	and	matching	with	a	thesaurus,	entries	of	geographic	place	names	
and other geospatial perspectives (2D Polygons), by weighting value which reflects its geographic na-
ture	and	other	properties	(such	as	location	and	density).	These	weighing	values	are	further	mapped	
onto	3D	topographies	whose	geographic	scope	is	determined	by	the	threshold	for	the	evaluation	of	
topographies	and	areas	that	are	beyond	some	threshold,	depicted	as	results.	

	 Watters	&	Amoudi	 (2002)	presented	an	 experimental	 system	 with	 location-based	 ranking	
of	search	engine	results	according	to	physical	location	and	distances;	these	results	were	re-ranked	
based	on	distance	between	the	query	and	the	scope	of	the	retrieved	document	determined	by	geo-
referencing	the	URL	of	a	page	to	longitude	&	latitude.	Lee	et al. (2003)	implemented	an	experimental	
geographic web search facility by employing a map interface for the specification of  the area to be 
searched,	for	the	city	of	Kyoto,	usually	referred	to	as	KyotoSEARCH.	In	2003,	Rauch	presented	a	novel	
approach	to	compute	the	geographical	focus	for	each	web	page	which	is	used	to	restrict	results	to	
a specific region and display results on a map. A confidence based framework has been adopted to 
model	the	probability	that	a	given	name	refers	to	a	given	place,	which	is	often	termed	as	disambigua-
tion. Furthermore, Rauch (2003) attempts to understand grammatical expressions which define 
some	kind	of	relative	positioning,	during	geographic	place	name	extraction	for	e.g.	“5	km	north	of	
downtown	Zurich”.

	 Similar	attempts	have	been	made	by	Markowetz	et al. (2004)	to	develop	a	geographic	web	
search	engine	similar	to	SPIRIT,	where	the	geographical	scopes	of	the	web	pages	are	based	on	the	

�	 neologism	refers	to	a	word	or	term	or	phrase	which	has	been	recently	coined	or	created,		
	 referring	to	new	concepts,	to	synthesize	a	pre-existing	concept	or	to	make	older	terminol-	
	 ogy	sound	more	contemporary.



Exploratory Representation for Geographic Information Retrieved from the Internet3� Exploratory Representation for Geographic Information Retrieved from the Internet 3�

C
ha

pt
er

 1multiple	sources	of	evidence	 including	 the	WHOIS	directory	and	text	content	of	 the	web	pages.	A	
geographic	footprint	is	created	with	a	set	of	grid	cells	recording	the	degree	of	spatial	relevance	for	
each	web	page.	However,	their	approach	does	not	include	interpretation	of	spatial	relations	that	re-
late	 the	 subject	 of	 interest	 to	 a	 particular	 place,	 other	 than	 distance	 and	 no	 experimental	 studies	
have	been	conducted.	Amitay	et al. (2004)	presented	a	system	similar	to	Markowetz	et al. (2004)	
and	Rauch	(2003)		to	identify	the	geographical	focus	of	the	web	page	called	Web-a-Where.	Unlike	
Markowetz	et al. (2004),	Web-a-Where	extracts	and	grounds	geographic	references	found	in	the	web	
pages	and	uses	these	to	compute	a	focus	for	the	page	–	a	locality	the	page	is	assumed	to	refer	to	as	a	
whole.	The	geographic	locality	here	is	referred	to	as	source	and	target	based	on	the	physical	location	
of	the	server	hosting	of	the	page	and	the	latter	on	the	coverage	of	the	page’s	content.	Furthermore,	
they	demonstrated	that	by	integrating	it	into	an	existing	data	mining	framework	to	geotag	web	pages	
gathered	from	a	web	crawl,	they	can	enable	a	geographic	search.	Wang	et al. (2005)	and	Silva	et al. 
(2006) adopted a different approach for identifying the geographical scope of the document while 
the	former	categorized	geographic	references	into	three	types:	provider	location	(physical	location	
of	the	web	resource	derived	from	yellow	page	addresses),	content	location	(refers	to	the	location	that	
the	content	of	a	web	resource	describes),	and	serving	location	(scope	of	the	web	page	through	analy-
sis and linking or referencing to other web resources) to reflect the observation that various types of 
location	can	co-exist	in	a	single	source.	The	latter	approach,	called	GREASE	(Geographic	REasoning	
in	Search	Engines)	makes	use	of	a	graph	in	the	ranking	method	to	assign	a	single	geographic	scope	to	
a	web	page.

 Larson (1996) defines geographic information retrieval (GIR) as an area of specialization, 
concerned	with	providing	access	to	geo-referenced	information	sources.	It	includes	all	of	the	areas	
that	have	traditionally	formed	the	core	of	information	retrieval	(IR)	research	with	an	emphasis,	or	
addition,	of	 spatially	and	geographically	oriented	 indexing	and	retrieval.	 	Resonating	with	Larson,	
Jones and Purves (2004) define geographic information retrieval as “the provision of facilities to re-
trieve and relevance rank documents or other resources from an unstructured or partially structured 
collection on the basis of queries specifying both theme and geographic scope”.

	 	Some	of	these	geographically	enabled	graphic	representations	may	be	foreign	to	the	users	or	
more seriously, appear analogous but have different meaning; creating opportunities to demonstrate 
new	techniques	and	representations	for	spatially	aware	information	retrieved,	from	the	internet.

1.3 Problem Statement
	 Cartography	and	information	visualization	have	been	evolving	and	changing	rapidly	with	the	
usage	of	technological	tools.	There	has	been	a	growing	interest	to	equip	users	with	tools	to	extract	ge-
ographic	information	from	unstructured	textual	sources	such	as	the	internet,	and	the	SPIRIT	project		
aimed to fill this gap by designing and implementing a geographic information retrieval engine (see 
http://www.geo-spirit.org).	

 More specifically, situated within the context of SPIRIT as well as other earlier work, this re-
search	aims	to	deliver	a	comprehensive	solution	to	the	problem	of	generating	geospatial	perspectives	
and	visualisations	of	spatially	aware	information	retrieved	from	the	internet.	The	emphasis	is	placed	
on	 capturing	 the	 geospatial	 meaning	 of	 the	 relevant	 context	 and	 matching	 it	 with	 user’s	 informa-
tion	request.	Within	the	context	of	this	research,	we	perceive	spatial	awareness	of	geographic	space,	
wherein	human	activities	are	rooted.	In	turn,	the	information	entity	which	describes	the	set	of	human	
activities	or	features	associated	to	it	in	geographic	space	can	be	characterized	as	the	spatial	context.	

	 Within	the	context	of	cartography	and	geographic	information	science,	this	research	criti-
cally	engages	in

1.3 Problem statement
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understanding	the	spatially	aware	information	seeking	process	to	develop	new	theories	
and	to	underpin	our	development	of	visualization	methods;

understanding	the	metaphors	adopted	during	the	spatially	aware	information	seeking	
process;

proposing	techniques	to	visualize	information	retrieved	from	the	internet	and	combine	
geographic	and	thematic	relevance	in	appropriate	ways;

and finally validating the effectiveness of these visualization methods by devising empir-
ical	measures,	in	order	to	infer	their	strengths	and	weaknesses.

1.3.1 Research Questions
To what extent different information seeking models help us in defining the process of 
spatially	aware	information	seeking	?
How	does	our	understanding	of	spatially	aware	information	seeking	process	guide	us	in		
designing	exploratory	representations	?
Which	of	the	exploratory	representations	assist	users	to	identify	geographic	information	
retrieved	from	unstructured	textual	source	such	as	the	internet	?
What metrics assess the efficacy of the visualization techniques adopted to represent ge-
ographic	information	retrieved	from	unstructured	textual	source	such	as	the	internet	?

	 The	 focus	 is	 on	 developing	 exploratory	 2D	 visual	 representations	 for	 geographic	 informa-
tion	extracted	 from	unstructured	textual	web	sources.	However,	 this	work	does	not	deal	with	 the	
temporal	dimension	of	the	geographic	information	retrieved	from	the	internet,	which	could	multiply	
the	complexity	of	the	problem.	This	research	develops	theories	and	models	associated	with	the	geo-
graphic	information	seeking	and	retrieval	process,	sometimes	termed	as	spatially	aware	information	
seeking and retrieval process. Foundations of this research are drawn from different disciplines that 
can	help	us	think	about	approaches	to	visualize	the	geographic	information	retrieved	from	internet	
sources.	

1.4 Organization of the thesis
	 	 The	thesis	 is	organized	into	10	chapters,	arguing	the	necessity	to	carry	out	this	re-
search	and	subsequently	building	from	the	literature,	investigating	the	search	process	by	carrying	
out experimental studies and drawing a requirement specification to construct a theoretical model  
and finally validate the effectiveness of the system implemented by the SPIRIT Consortium, particu-
larly	its	visual	representations	of	search	results.

	 Chapter	1	explores	the	evolution	of		the	internet	and	search	engines	as	well	as	the	importance	
of	the	concept	of	relevance.	During	the	course	of	this	chapter,	the	necessity	for	extracting	geographic	
information from unstructured textual sources has been identified and various approaches demon-
strated	in	the	literature	are	discussed,	laying	down	the	necessity	for	a	spatially	aware	information	
retrieval	engine	and	the	necessity	to	develop	new	theories	to	understand	the	process	and	underpin	
our	development	of	on-demand	cartographic	representation	 for	geographic	 information	retrieved	
from	the	internet.

	 Chapter	2	presents	the	scope	of	this	research	and	develops	the	theoretical	and	technical	back-
ground.	 First,	 theories	 central	 to	 spatially	 aware	 information	 seeking	 are	 reviewed	 followed	 by	 a	
contemplation	of	their	relationships	to	information	seeking	models,	information	visualization,	geo-

•

•

•

•

1.

2.

3.

4.
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 1graphic	information	science	and	cartography.	Each	of	which	are	dealt	with	in	detail	by	the	keywords	
identified. Second, a range of contemporary visualization techniques are reviewed. Subsequently, ty-
pologies of different geovisualization tasks are identified. Third, we explore various mapping inter-
faces	widely	adopted	today.	Finally,	we	summarize	the	potential	of	various	visualizations	and	their	
implications	within	the	context	of	this	research.

	 Chapter	3	introduces	what	the	spatially	aware	information	seeking	process	is,	and	develops	
a conceptual model. It identifies how a spatially aware information seeking model differs from tra-
ditional	information	seeking	models.	First,	theoretical	models	are	presented	by	illustrating	a	clear	
understanding	of	user	tasks	and	activities	involved,	underlying	interactions	and	feedback	with	the	
system, role of cognition and affordance by carrying out early stage experimental studies for require-
ments	gathering.	Then,	the	assessment	of	the	theoretical	model	is	carried	out	by	means	of	a	reassess-
ment	exercise.

 Chapter 4 defines and characterizes different visualization variables to present possible sce-
narios	with	a	design	perspective.	Data	characteristics	and	constraints	associated	with	the	problem	of	
representing	geographic	information	on	the	web	are	discussed.	Finally,	various	concepts	for	visual-
izing	spatially	aware	information	retrieved	from	the	internet	are	presented.	

	 Chapter	5	describes	the	transfer	of	the	conceptual	model	of	spatially	aware	information	seek-
ing	and	the	core	elements	of	geovisual	representations	into	‘The	Prototype’,	developed	by	the	mem-
bers	of	the	SPIRIT	Consortium.	The	architecture	for	spatially	aware	information	retrieval	is	presented	
along with user interaction models. The prototype illustrated two different interfaces, the so-called 
‘structured interface’	 that	 enforces	 a	 structured	 text	 query	 and	 the	 explorable,	 visualization-based	
interface,	 termed	 the	 ‘graphical interface’.	Both	of	 these	 interfaces	 involve	 the	 three	phases	query	
formulation, query refinement/expansion, and result presentation. 

	 Chapter	6	discusses	various	visualization	approaches	adopted	such	as	density	surface	rep-
resentations,	 footprint	 based	 representations,	 cartograms,	 spatial	 activity	 maps	 and	 isoline	 repre-
sentations. Visualization elements associated with each of the visualizations are identified and their 
characteristic	features	are	presented	in	detail.

	 Chapter	7	describes	the	user	experiments	which	are	modelled	based	on	the	factorial	experi-
ment strategy to draw meaningful metrics of the different visual representations proposed in chapter 
5.	First,	user	experiments	are	designed	bearing	in	mind	the	focus	groups.	Secondly,	pre-test	experi-
ments	and	a	reassessment	of	experiment	design	are	carried	out.	Finally,	pilot	tests	are	carried	out	to	
enhance the experiments and define the framework and the parameters involved to extract usable 
metrics	for	each	of	the	visualizations.	

 Chapter 8  discusses  the resulting metrics adopted to comparing the usability of different 
visualizations. First, descriptive statistics are presented as pair-wise comparisons of different visual 
representations. Second, significance tests are carried out and discussed regarding  the advantages 
and disadvantages of different visualizations. Finally, we summarize the findings of the experimental 
studies.	

 Chapter 9 runs through discussing the critical findings of the experimental studies presented 
in	chapter	8	and	tries	to	draw	meaningful	inferences	from	the	statistical	insights	and	experiments	
carried	out	not	only	in	Chapter	8	but	also	during	the	course	of	this	research,	which	are	illustrated	in	
the	earlier	chapters	of	this	thesis.

	 Chapter	10	presents	the	achievements	and	contributions	of	this	research	and	presents	care-
ful	insights,	suggested	improvements	and	criticism,	and	an	outlook	on	future	research.	

1.4 Organization of the thesis
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1.5 Contributions to the SPIRIT project
 
 This	 thesis	 was	 embedded	 within	 the	 EU	 Vth	 Framework	 Programme	 sponsored	 project	
SPIRIT,	and	in	view	of	my	research	objectives,	the	thesis	explored	various	theoretical	models	of	infor-
mation	seeking,	extended	them	to	the	spatially-aware	case	and	sought	to	evaluate	and	test	them.	The	
contributions	by	the	author	for	the	SPIRIT	project	are	outlined	in	Table	1.2.

1.2	Contribution	by	the	author	for	the	SPIRIT	project
1. Requirements	analysis	and	design.
2. Design	of	exploratory	representations	for	spatially	aware	information	retrieved	from	

the	internet.
3. Contributions	to	interface	design	and	development.
4. Experimental	framework	for	the	evaluation	of	geographic	information	retrieved	from	

the	internet.
5. Analysis	of	the	results	gathered	from	the	experimental	studies.
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“Findability	isn’t	limited	to	its	content,	nor	is	it	limited	to	the	web.	It	is	about	designing	systems	that	
help people find what they need”

-Peter Morville, The Age of Findability, Boxes and Arrows 

Chapter 2
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	 This	chapter	seeks	to	lay	the	theoretical	foundations	for	the	key	terms	of	this	thesis.	The	foun-
dations	of	this	work	lie	in	information	retrieval,	information	seeking	models,	cognition,	geographic	
information	sciences,	cartography,	as	well	as	knowledge	discovery	and	usage.	Each	of	 these	areas	
is	reviewed	keeping	in	mind	their	relationship	with	the	research	questions	of	this	thesis.	Therefore,	
this	chapter	sets	out	discussing	key	aspects	and	summarizes	their	potential	contributions	to	deliver	
a	comprehensive	solution	to	the	problem	of	extracting	and	representing	spatially	aware	information	
retrieved	from	the	internet.	

2.1 Information
	 Information	in	essence	is	a	“series of correspondences observed within a finite set of variational 
concepts or components” (Bertin, 1983. p.16). This could be widely argued as a field specific definition 
of	the	term	“information”. Losee (1998, p.260) has argued for a discipline independent definition of 
the	term	`information’;	“which is always informative about something, being a component of the output 
or result of the process. This	‘aboutness’	or	representation is the result of a process or a function produc-
ing the representation of the input, which might, in turn, be a function producing the representation of 
the input, which might, in turn, be the output of another function and represent its input, and so on and 
so forth”.		In	addition	to	this,	Losee	(1998,	p.260)	concludes	that	“information may be understood as 
the value attached or instantiated to a characteristic or variable returned by a function or produced by 
a process. The value returned by a function is informative about the input to the process and about the 
process itself”.		

 Within the context of this research, information can be defined as the meaning, knowledge 
instructions, communication, representation and mental stimulus that triggers a finite set of corre-
spondences	by	the	users.	It	is	a	state	in	which	an	individual	shows	understanding	or	realization	or	
perception. In psychology this could be well termed as being responsive to a specific condition based 
on	perception	or	realization.		The	quest	for	‘information’ is not limited to a specific source.  Speech, 
text, graphic images etc. are in essence different forms of information. We tend to search for neces-
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sary	information	within	various	sources.	One	such	source	is	the	internet,	which	has	evolved	today	as	
a	key	potential	source	for	seeking	information.	In	the	subsequent	sections,	we	present	an	in-depth	
review	of	information	seeking.

2.2 Information seeking
	 Information	on	the	internet	in	essence	is	in	the	form	of	text	and	graphics.	During	its	evolution	
varied	formats	have	been	embedded	within	the	internet.	This	section	sets	out	discussing	key	aspects	
with	respect	to	seeking	information	on	the	internet	(the	source)	and	is	organized	as	follows:

•  Definitions of the information seeking process.(2.2.1)

•  Differing models of the information seeking process. (2.2.2)

•		Cognitive	styles	of	users	in	the	information	seeking	process.	(2.2.3)

2.2.1 Definitions of information seeking
	 Prior	 to	 the	 internet	 revolution,	 various	 media	 such	 as	 speech	 and	 paper	 had	 been	 used	
to communicate specific information. With the advent of technological tools, there has been rapid 
transformation	 of	 these	 media.	 Thus,	 numerous	 sources	 of	 information	 are	 at	 the	 user’s	 disposal	
and finding information has no longer been limited to a specific information source, and the internet 
has	evolved	into	a	key	potential	source	of	acquiring	information.	This	act	of	acquiring	‘information’,	
which	isn’t	limited	to	the	content	nor	to	the	internet	can	be	termed	as	‘information seeking process’.		
Recalling Losee’s definition of information as a process, it should be noted that, “information is not 
the process itself. The input to the process is not information about the process, although it clearly may 
be information about another process. The output is also not information by itself – the values in the 
output are information only in the sense that they are information about the process and the input, that 
is, information in the context of the process and its input.”	(Losee,	1998,	p.	261).

	 Numerous	authors	(Schutz	&	Luckmann,	1973;	Belkin	et al.,	1982;	Norman,	1988;	Kuhlthau,	
1991;	Marchionini,	1995;	Shneiderman	et al., 1997; Wilson, 1999; Hearst, 2001) have significantly 
contributed	over	the	past	 four	decades	to	developing	theories	and	models	based	on	user	perspec-
tives	and	behaviour	for	information	seeking.	As	discussed	in	Chapter	1,	the	evolution	of	the	internet	
has facilitated creation of tools to find relevant information, what we understand as ‘information re-
trieval’.	Navigation	within	the	information	spaces	on	the	internet	has	facilitated	browsing	or	explor-
ing	through	web	documents,	thanks	to	the	hypertext	protocol.

	 Characterizing	the	information	seeking	behaviour	on	the	basis	of	interaction	or	as	a	search	
paradigm	Bates	(1986,	p.92-93)	states	searching	is	an	active	and	directed	form	of	information	seek-
ing	 where	 users	 commit	 various	 actions	 with	 the	 intent	 of	 acquiring	 information	 and	 directed	 to-
wards specific goals of interest, while browsing is active but undirected form of information seeking 
where	users	commit	various	actions	and	goals	which	are	directed	towards	best	match/exact	match.	
Users adopting a passive behaviour of information seeking tend to watch for specific patterns within 
the	information	which	is	subjective	(i.e.	directed)	towards	their	needs.		Some	users	adopt	a	passive	
form	of	information	seeking	which	is	more	undirected	in	nature	and	tend	to	learn	or	be	receptive	(i.e.	
aware)	of	the	information	contained	in	and	out	of	experiences	on	interactions	during	the	process	of	
information	seeking.	These	interaction	paradigms	are	summarized	in	Table	2.1.		

Table 2.1: Forms of information seeking (Bates, 1986)

Directed Undirected

Active Searching	for Browsing
Passive Watching	for Aware
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2.2.2 Models of information seeking
 Jansen	 et al. (1998) and Mann (2002) state that there are significant differences between 
information	seeking	on	the	internet	and	classical	information	retrieval.	In	classical	information	re-
trieval	 systems,	 the	 frequency	of	 reformulation	 of	 search	 terms	 is	 relatively	 high	 when	compared	
to the information searching process. Despite such differences, we consider classical information 
retrieval	and	information	search	processes	as	a	single	process.

	 Subsequently,	 Bates	 (1989)	 excogitated	 a	 model	 that	 is	 of	 great	 theoretical	 and	 practical	
importance	to	date,	‘the berry-picking model’.	Wilson	(1981,	1999),	Mann	(2002)	and	Järvelin	et al., 
(2003) propose different information seeking and retrieval models based on task, processes and be-
haviour that serve different research purposes. Knowledge of the different modes of information 
seeking behaviour aids our understanding of the search process and to what extent different models 
represent	reality.	

	 Choo	et al.	(1998,	2000)	perceive	information	seeking	behaviour	as	modes	of	scanning	usage	
(illustrated	in	Table	2.2)	and	web	moves	(illustrated	in	Table	2.3).	A	number	of	observational	studies	
carried	out	simultaneously	to	validate	the	theoretical	models	illustrated	above	and	to	determine	the	
true nature of the process by Ellis (1989), O’Day & Jeffries (1993), Borgman (1996) had supported 
the	‘berry-picking model’.	The	model	illustrates	that	the	user’s	actions	are	unprophetical	in	nature	
and	tend	to	shift	their	objectives	or	goal	posts	based	on	acquired	information	and	inferences	that	
come	into	play.	Unfurling	interest	across	various	domains	a	novel	approach	was	presented	by	Pirolli	
and	Card	(1995)	based	on	the	optimal	foraging	theory	in	biology	and	anthropology	“which analyses 
the adaptive value of food-foraging strategies”.	This	theory	focuses	more	on	the	value	of	information	
gained	against	the	costs	of	performing	activity	in	human-computer	interaction	tasks.	This	theory	is	
called	the	‘information foraging theory’.		

Table 2.2 Modes of Scanning (Choo et al., 2000;. Fig. 1)

Scanning Modes Information Need Information Seeking Information Use

Undirected	Viewing General	areas	of	inter-
est; specific need to be 
revealed

‘Sweeping’:	Scan	
broadly	a	diversity	of	
sources,	taking	advan-
tage	of	what’s	easily	
accessible

‘Browsing’: 
Serendipitous	
discovery

Conditioned	Viewing Able	to	recognize	top-
ics	of	interest

‘Discriminating’:  
Browse	in	pre-selected	
sources	on	pre-speci-
fied topics of interest.

‘Learning’:	Increase	
knowledge	about	top-
ics	of	interest

Informal	search Able	to	formulate	sim-
ple	queries

‘Satisfying’:	Search	is	
focused	on	area	or	top-
ic,	but	a	good-enough	
search	is	satisfactory.

‘Selecting’:	Increase	
knowledge	on	area	
with	narrow	bounda-
ries.

Formal	Search Able	to	specify	targets	
in	detail

‘Optimizing’:	Sys-
tematic	gathering	of	
information	about	an	
entity,	following	some	
method	or	procedure

‘Retrieving’:	Formal	
use	of	information	for	
decision,	policy	mak-
ing.

	 Based	on	these	studies	and	the	current	understanding,	information	seeking	can	be	character-
ized	as	a	set	of	structured	or	unstructured	actions	performed	by	the	users	based	on	their	“individual 
interest (content) or situational activity (context)”	(Turnbull,	2003).	The	whole	process	constitutes	a	
set	of	information	seeking	`episodes’,	that	is,	gathering	of	‘bits and pieces’	of	information	towards	a	
final goal. Supporting this, many authors (e.g. Xie, 2000; Spink et al.,	2002)	state	that	these	structured	
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or	unstructured	actions	are	dependent	on	the	user’s	cognitive	state,	personal	knowledge	(Heinstrom,	
2003;	Blickle,	1996),	prior	experiences,	selection	of	the	information	source	(Dervin	&	Nilan,	1986),	
language familiarity with the problem definition, interactions during the course of information seek-
ing	(Bellardo,	1985),	and	judgement/intuitions	based	on	the	outcome	and	their	personal	interests,	
amongst	other	factors.

	 The	linear	models	proposed	by	Marchionni	(1992,	1995),	Shneiderman	(1998)	and	Hearst	
(1999)	 inadequately	represent	 the	exploratory	nature	of	 information	seeking,	which	 is	non-linear.	
Studies	carried	out	by	Bates	(1989),	O’Day	et al.,	(1993),	Borgman	(1996),	Hendry	and	Harper	(1997),	
Cousins	et al.,	(1997),		Foster	(2004)	support	these	arguments.	In	addition	to	this,	user	actions	–	in-
teractions	with	the	system	–	haven’t	been	fairly	presented	in	the	earlier,	linear	models.

Table 2.3 Information seeking behaviours and web moves (Choo et al., 2000;. Fig.2)

Literature search moves 
(Ellis et al. 1989, 1993, 1997)

Anticipated web moves

Starting Identifying	sources	of	interest Identifying	web	sites/	pages	containing	or	
pointing	to	information	of	interest

Chaining Following	up	references	found	
in	given	material

Following	links	on	starting	pages	to	other	
content	related	sites

Browsing Scanning	table	of	contents	or	
headings

Scanning	top-level	pages:	lists,	headings,	site	
maps.

Differentiating Assessing	or	restricting	in-
formation	according	to	their	
usefulness

Selecting	useful	pages	and	sites	by	book	
marking,	printing,	copying	and	pasting	etc.;	
choosing differentiated pre-selected sites.

Monitoring Receiving	regular	reports	
or	summaries	from	selected	
sources

Receiving	site	updates	using	e.g.:	push,	agents,	
or profiles; revisiting, favourite sites.

Extracting Systematically	working	a	
source	to	identify	material	of	
interest.

Systematically	search	a	local	site	to	extract	
information	of	interest	at	that	site.

 Xie’s (2000) work sheds more light on interaction facilitating understanding of the informa-
tion	seeking	trends	of	the	users,	where	users	engage	in	multiple	type	of	information	seeking	strate-
gies	when	using	information	retrieval	(IR)	systems.	The	study	presents	an	indepth	analysis	at	the	
micro-level of user goals when interacting with different types of libraries and identifies four types of 
shifts	(i.e. planned shifts, oppurtunistic shifts, alternative shifts, assisted shifts)	in	interactive	intentions	
and	three	type	of	information-seeking	strategies	(They are: current search goal shifts, interactive in-
tention shifts and information seeking strategy shifts).		The	study	recommends	“interactive approach”	
which	takes	account	of	both	“planned model”	and	“situated action“.	This	approach	has	a	number	of	
advantages:

It	helps	in	the	segregation	of	user	tasks	involved	in	each	episode	to	develop	a	task	typol-
ogy	(Bystorm	&	Järvelin,	1995;	Bystorm,	1999).

It	facilitates	understanding	of	the	cognitive	metaphor	adopted	by	the	user	to	accomplish	
the	objective	(Fabritius,	1998).

It	reinforces	the	mapping	of	functionalities	of	the	system	onto	user	interactions,	for	exam-
ple	for	system	feedbacks	(Spink,	1997).

•

•

•
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2.2.3 Cognitive styles in information seeking
 Among other factors that influence the information seeking process are perception and cog-
nition.	They	not	only	play	a	vital	role	in	mobilizing	the	structure	of	the	content	but	also	the	way	it	is	
being represented. Ingwersen (1992, 1994, 1996) has identified the “potential value of matching the 
multidimensional variety of representations inherently existing in or extracted from information ob-
jects and from the cognitive space of a user”.		This	tendency	consistently	displayed	by	the	individuals	to	
adopt	a	particular	type	of	information	processing	strategy	has	been	termed	‘cognitive styles’	(Ford	et 
al.,	2002).	These	cognitive	styles	do	not	necessarily	remain	the	same	for	all	users.	Some	tend	to	adopt	
a	holistic	approach,	while	others	adopt	a	serialistic	approach.

	 Pask	and	Scott	(1972,	1973)	and	Pask	(1976a;	1976b;	1976c;	1979;	1988)	state	that	holistic	
users	 tend	 to	 adopt	 a	 comprehensive	 understanding	 to	 learning,	 examining	 interrelationships	 be-
tween	several	topics	early	in	the	learning	process	and	concentrate	on	building	a	capacious	overview	
into which details are subsequently fitted. On the contrary, serialists adopt a predominantly local 
learning	approach	examining	one	thing	at	a	time.	Drawing	a	clear	distinction	from	Pask	&	Scott	(1972,	
1973),	Witkin	et al.	(1977)	state	that	the	users	tend	to	adopt	a	‘spectator’	approach	to	learning	rather	
than	 a	 hypothesis	 testing	 approach,	 which	 is	 termed	 ‘field dependence’	 or	 ‘participatory approach’	
where	the	user	is	adept	at	structuring	and	analysing	the	hypothesis	(Witkin	et al.,	1977).

2.2.4 Relevance to ongoing research
	 Having	explored	through	various	linear	and	non-linear	models	and	supporting	empirical	and	
behavioural	studies	investigating	the	nature	of	the	information-seeking	process	we	have	learnt	that	
the	‘berry-picking model’ (Bates, 1989) appropriately reflects the true nature of the process. Hence, 
our	foundations	for	spatially	aware	information	retrieval	on	the	internet	are	built	based	on	this	mod-
el.	However,	as	these	beliefs	should	be	validated	by	further	empirical	studies,	a	series	of	experiments	
should	be	designed,	in	order	to	build	not	only	from	the	existing	literature,	but	to	draw	a	better	un-
derstanding of the process with specific respect to spatially aware information seeking. Subsequent 
chapters	in	this	thesis	will	therefore	address	this	issue	further.

 In an effort to equip an individual with necessary interactive and exploratory tools to glean 
through huge amounts of information retrieved from the internet, we explore different disciplines 
that help us think about extracting and representing the information retrieved. One effective tool that 
equips an individual with these capabilities to sense, stimulate and coordinate different concepts in 
the	mind	is	through	visualization.	The	subsequent	sections	deal	with	those	disciplines	that	can	help	
us think about visualization and also prove to hold strong relevance to our specific research prob-
lem.

2.3 Visualization
	 	 Visualization	in	essence	is	the	graphic	depiction/association	to	what	is	to	be	perceived	
and	has	been	a	medium	of	communication	and	understanding.	“Graphic representation constitutes one 
of the basic sign-systems conceived by the human mind for the purpose of storing, understanding and 
communicating essential information”	(Bertin	,	1983,	p.2).	This	medium	of	communication,	termed	
visual	instruct	is	diverse	in	nature	and	characterised	spatially,	temporally,	objectively	or	subjectively	
with	limitations.

	 Sifting	through	the	literature,	the	course	of	the	research	builds	from	what	visualization	is,	to	
exploring	 various	 methods/techniques	 widely	 being	 practised	 and	 their	 relevance	 to	 the	 ongoing	
research.	The	section	is	set	out	as	follows:

Definition of visualization (2.3.1)
Geovisualization	(2.3.2)
Visual	exploration	(2.3.3)

Principles	of	visual	information	seeking	(2.3.3.1)

•
•
•

•
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Interaction	typologies	(2.3.3.2)

2.3.1 Definition of Visualization
 Graphics owes its special significance to its double function as a storage mechanism and a re-
search instrument. A rational and efficient tool when the properties of visual perception are compe-
tently	utilized,	graphics	is	one	of	the	major	‘languages’	applicable	to	the	information	process	(Bertin,	
1983).						

 Visualization can be defined as 

(a classical definition)	“ a formation of mental visual images, the act or process of inter-
preting in visual terms or putting into visual form”.	(McCormick	et al.,	1987)

“the  use of  computer imaging technology as a tool for comprehending data obtained by 
simulation or physical measurement”.		(Haber	and	McNabb,	1990)

“the process of representing information synoptically for the purpose of recognizing, commu-
nicating and interpreting pattern and structure. Its domain encompasses the computational, 
cognitive and mechanical aspects of generating, organizing, manipulating and compre-
hending such representation. Representations may be rendered symbolically, graphically or 
iconically and are most often differentiated from other forms of expression (textual, verbal 
or formulaic) by virtue of their synoptic format and with qualities traditionally described by 
the term “Gestalt” (Buttenfield and Mackaness, 1991, p.432).

“the binding (or mapping) of data to representations that can be perceived. The types of bind-
ing could be visual, auditory, tactile, etc. or a combination of these”	(Foley	et al.,	1994)

	 According	to	Andrienko	&	Andrienko	(2006,	p.166)	to	visualize	means

“To recall or form mental images or pictures	(intransitive)”;
“To form a mental image of (transitive)”;
“To make perceptible to the mind or imagination	(transitive)”.

	
Bertin	(1983)	has	developed	a	fundamental	theory	of	the	graphic	sign	system	and	the	semiotics	that	
can	be	used	to	build	and	understand	visual	representations	in	visualization.	Bertin	(1983,	p.	53)	dis-
tinguishes	between	four	ways	in	which	graphical	signs	can	be	arranged	to	create	a	visualization,	and	
terms	these	‘groups of imposition’: diagrams, networks, maps, and symbols. Maps are specific to the 
presence	of	geodata.

	 The	 notion	 of	 information	 as	 a	 process	 primarily	 constitutes	 one	 or	 several	 pertinent	 cor-
respondences between a set of finite variational concepts and the invariant. The central notion com-
mon	to	all	pertinent	correspondences	is	termed	‘invariant’	by	Bertin	and	the	variational	concepts	are	
called	 ‘components’	and	‘visual variables’.	Furthermore,	these	visual variables’	constitute	elements/
classes	or	categories/steps,	that	depict	the	qualitative	and	quantitative	aspects	of	them	(Bertin,	1983,	
p.4-6).  Bertin (1983) identifies six visual variables at the disposal of a graphic sign system for ex-
pressing	a	pertinent	correspondence,	including	size, value, texture, colour, orientation	and	shape.	On	
a	two	dimensional	plane	these	tend	to	vary	in	relation,	leading	to	the	four	forms	of	imposition	men-
tioned	above.	Other	authors,	primarily	to	adapt	to	the	technological	evolution	that	made	dynamic,	
rather	than	static	displays	possible,	later	extended	the	original	system	of	visual	variables	by	Bertin.	
For	instance,	further	contributions	by	MacEachren	(1995)	include	crispness (fuzziness) of object edges, 
resolution (spatial precision) and transparency.	Figure	2.1	provides	an	elaborate	overview	of	percep-
tual	properties	of	visual	variables.

•

•

•

•

•

•
•
•
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a - The clarity variables of crispness, transparency and resolution can be used for no more than two or three categories. These variables are untested, 
but assumed to be most useful for representation of uncertainty. They may prove to be most practical in an interactive setting in which an analyst is 
able to toggle them on and off when needed.
b - Purer, more saturated colours appear to be in the foreground, while dull, unsaturated colours fade into the background.
c - Hues must be carefully selected for an order of hierarchy  to be apparent (e.g. the part-spectral sequence from yellow through orange or red) Hues 
interact with one another in sometime unpredictable ways, so it is often difficult to determine which hues will dominate others.
d - Pattern texture is good for only two, or perhaps three, identifiable categories.
e - Orientation provides limited ability to communicate numerical or ordered information—glyphs based on a clock face and geologic strike and dip 
symbols are successful examples.
f - Pattern arrangement is best as a redundant variable to make a visual difference between categories more obvious.

Figure 2.1: Visual variables and their perceptual properties (from MacEachren, 1995, p. 279)

2.3.2 Geovisualization
 Visualization can be broadly characterized into information visualization and scientific 
visualization	based	on	scope	and	usage.	McCormick	et al.,	(1987)	states	that	“scientific visualization 
is concerned with data that is based on physical reality and may or may not have an explicit spatial 
component”,	whereas	information	visualization	(Card	et al., 1999) can be defined as “the representa-
tion that is concerned with abstraction of data that is not physically based and not inherently geo-
metrical in nature such as financial data or collection of documents”.  Within the realm of scientific 
visualization,	in	the	last	decade,	there	has	been	growing	interest	in	the	explicit	spatial	component,	
the	geovisualization	domain.

 Geovisualization can be defined as

“the map use domain, specifically for private use by individuals having the goal of revealing 
unknown or interesting geographical relationships through map use activities that have a 
higher degree of human interactions”.	(Board	&	Taylor,	1977)

“the use of concrete visual representations; whether on paper or through computer dis-
plays or other media; to make spatial contexts and problems visible, so as to engage the 
most powerful of human information-processing abilities, those associated with vision”.	
(MacEachren	et al.,	1992,	p.	101).

•

•
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“a science that combines GIS, cartography, scientific visualization, and exploratory data 
analysis that has considerable potential to provide theory, methods, and tools for the visual 
exploration, analysis, synthesis and presentation of data that contains geographic infor-
mation	(MacEachren	and	Kraak,	1997;	MacEachren	et al.,	1999)

“the usage of visual geospatial displays to explore (methods of exploration) data and 
through that exploration to generate hypothesis, develop problem solutions and construct 
knowledge”	(MacEachren,	2001).

Hence,	geovisualization	can	be	understood	as	 the	 integration	of	cartographic	communication,	cog-
nition and the usage of latest computing techniques to amplify cognition in relation to a specific 
problem. Gahegan (1999) identifies some barriers that constrain the effective use of geovisualization. 
They	are	as	follows:

“Rendering speed, technological barriers affecting the interactive display and manipulation 
of large datasets;
Visual combination effects – problems to be overcome when displaying many layers, themes 
or variables simultaneously;
The orientation of the user into a visualized scene or virtual world and measuring the effec-
tiveness of the scene or the world as the problem-solving tool”.

2.3.3 Visual Exploration
	 The	complexity	in	modelling	and	understanding	the	visual	exploration	process	has	excited	
interest by scholars to approach it with different perspectives. With users in action, correspondences 
or	interactions	are	governed	based	on	the	metaphor	adopted	by	them.		These	pertinent	correspond-
ences	of	users	with	the	variational	concept	and	the	invariant	can	be	termed	‘interaction’	(Bertin,	1983,	
p.5).	By	correspondence,	we	mean	the	input	and	the	response	or	feedback	obtained	from	the	system	
(which	is	a	black	box	to	the	user).	Often	these	correspondences	are	reciprocate	in	nature	between	
the	user	and	system,	which	are	termed	feedback.	Feedback	when	delivered	by	the	system	is	termed	
system	feedback	and	conversely	denoted	as	user	feedback	when	given	by	the	users.		

	 We	have	discussed	above	some	primary	components	of	the	visual	exploration	system,	while	
DiBiase	(1990),	Taylor	(1991),	and	MacEachren	et al.,	(1992)	expressed	the	need	for	a	process	based	
approach	to	illustrate	the	stages	involved	within	a	graphic	exploratory	system	(as	shown	in	Fig	2.2).	
DiBiase (1990) identifies these four stages as:

Exploration of data to reveal pertinent questions
Confirmation of apparent relationships in the data in the light of formal hypothesis.
Synthesis or generation of findings.
Presentations which evolve in parallel with progression from private to the public realm.

•

•

•

•

•

•
•
•
•
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Figure 2.2: The range of functions in an idealized research sequence. (DiBiase, 1990; http://
www.geovista.psu.edu/publications/others/dibiase90/swoopy.html)

	 MacEachren	&	Kraak	(1997)	extended	this	model	to	the	usage	of	maps	by	focusing	primarily	
on	interactions.	The	model	(map	use	cube,	illustrated	in	Fig.	2.3)	emphasizes	visualization	and	com-
munication	within	the	map	usage	space.

	 Considering	a	continuum,	map	usage	is	subjective	to	the	individual’s	needs	and	directed	to-
wards	revealing	unknowns	or	presenting	the	knowns	and	has	higher	levels	of	interactivity	based	on	
the	purpose	it	is	designed	to	serve.	MacEachren	&	Taylor	(1994,	p.7)	have	outlined	exemplars	of	the	
eight extremes of the map use space defined by the use of map use cube. Similar proposals have been 
made	concerning	 the	visual	metaphors	adopted	by	 the	designers,	by	Cartwright	 (1999),	detailing	
nine	possible	metaphors	that	designers	tend	to	adopt.	However,	it	is	essential	that	map	designers	in	
the	due	process	of	map	making	should	bear	in	mind	the	importance	of	map	usage.
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Figure 2.3 Goals of use arrayed in the map use cube (MacEachren & Kraak, 1997; p.338)

	 Visual	 exploration	 is	 intuitive	 and	 non-linear	 in	 nature	 involving	 higher	 degree	 of	 interac-
tivity.	 Gahegan	 (1999)	 argues	 that	 users	 tend	 to	 build	 a	 hypothesis	 initially	 and	 later	 on	 discover	
information	by	processing,	analysing,	reducing	or	re-mapping	from	one	space	to	another.	Dykes	et 
al.,	(2005,	p.25)	term	this	the	‘visual exploration paradigm’	based	on	the	‘information seeking mantra’	
(Shneiderman,	1996).

	 The	degree	of	involvement	of	the	end	users	and	the	purpose	has	unfurled	an	interest	to	de-
velop novel techniques and models of information visualization (Pfitzner et al.,	2003;	Hibino,	1999;	
Crampton,	2002)	over	the	last	decade.	Chi	(2000)	presented	a	taxonomy	of	information	visualization	
techniques using the data state reference model. Strongly criticising Chi’s work, Pfitzner et al.	(2003)	
state	that	it	has	failed	to	present	a	taxonomy	of	visualization	techniques,	and	that	it	rather	focused	on	
the taxonomy of processes involved. Furthermore, Pfitzner et al. (2003) created a unified taxonomic 
framework	(as	shown	in	Fig:2.4)	for	information	retrieval	visualization	and	interfaces	which	serves	
as	guidelines	during	the	design	and	evaluation	phases.
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Figure 2.4: A unified taxonomic framework for information visualization (Pfitzner et al., 2001; 
p. 64)

2.3.3.1 Principles of visual information seeking systems
 When confronted with the task of seeking specific information, visualization facilitates ex-
ploration.	In	the	preceding	section,	we	discussed	the	notion	of	the	‘visual information seeking mantra’	
(Ahlberg	&	Shneiderman,	1994)	as	being	complex,	non-linear	and	highly	exploratory	in	nature.	Sys-
tems	that	aspire	to	serve	these	characteristics	need	to	follow	a	set	of	visual	design	guidelines.	Draw-
ing	similarities	with	the	context	of	exploratory	data	analysis	and	visual	information	seeking,	they	are	
primarily	stated	as	(Andrienko	&	Andrienko,	2006):

Holistic view: demonstrate the holistic behaviour (the world of action) that can be perceived 
by the users.
Simplify and abstract: separation of interesting data from excessive detail with emphasis on 
particularities, elimination of excessive details.
Divide and group: progressive refinement of search parameters and subsequent classifica-
tion.
See in relation: identify the relationships and ability to select key features.
Responsiveness: immediate and continuous feedback with respect to the interactions.
Support for browsing: looking for specific recognizable pattern.
Reformulation: ability to continuously reformulate goals.
Formulization: establish structures in relation to the results from an interplay of several 
components.
Zoom and Focus: thoroughly examine the details with respect to the degree of interest and 
identify key patterns.

•

•

•

•
•
•
•
•

•
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Establish linkages: integrate the key components to facilitate ease of understanding.

2.3.3.2 Interaction/Interactivity	

 Interactivity is at the core of any dynamic visualization. The effectiveness of dynamic visuali-
zation	is	determined	by	ease	of	usage,	understanding	and	predominantly	the	level	of	interactivity	it	
facilitates.	Modes	of	interactions	signify	the	operations	that	can	be	applied	to	the	data	presented	to	
the users, combine or relate specifics of information, compare and critique different views of data, 
and provide an effective mechanism to explore and understand the information.

	 Keim	et al.,	in	Dykes	et al. (2005, p.25-26) presented a classification of information visualiza-
tion	techniques	based	on	three	criteria:

the data to be visualized,
the visualization technique,
the interaction technique used.

Figure 2.5: Classification of information visualization techniques (Keim et al.; p. 26 in Dykes 
et al., 2005)

Figure 2. 6 illustrates the classification of these information visualization techniques based on the 
aforementioned	criteria.	Similarly,	Goodell	et al.,	(2006)	extended	the	notion	onto	developing		a	tax-
onomy	to	support	analysis	and	modelling	of	the	human	data	exploration	process	(as	shown	in	Figure	
2.6).

•

•
•
•
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Figure 2.6: A taxonomy of visualization operations (Goodell et al., 2006)

	 Crampton	(2002)	proposed	a	typology	of	interactivity	based	on	increasing	sophistication	of	
interaction	techniques	(Table	2.4).	In	the	remainder	of	this	section	2.3.3.2,	Crampton’s	typology	will	
provide	the	structure	of	our	discussion,	as	we	believe	that	it	covers	the	key	interaction	techniques	
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that	are	relevant	in	geovisualization,	and	that	the	designers	and	developers	of	geovisualization	sys-
tems	should	bear	in	mind	these	techniques	to	deliver	a	highly	exploratory	system.

Table 2.4: A preliminary typology of interactivity (Crampton, 2002; p. 90)

Interaction with data (high) Interaction with data representation (low)

Database	querying	&	Data	mining Lighting
Brushing Viewpoint	(“Camera”)

-statistical Orientation	of	data
-geographical Zoom-in/out
-temporal Re-scaling

Filtering	(Excluding) Remapping	of	symbols
Highlighting
Interaction with temporal dimension (me-
dium)

Contextualizing interactions (high)

Navigation Multiple	Views
Fly-through Combining	data	layers
Toggling Window	Juxtaposition
Sorting	or	Re-expression Linking

2.3.3.2.1 Interaction with data
 ‘Interaction with data’ is the first of Crampton’s (2002) four broad classes of interaction tech-
niques. ‘Data’ in this context is defined as the factual information available at the user’s disposal, as 
raw	material	to	analyse,	reason,	discover	and	select	pertinent	patterns	in	order	to	draw	meaningful	
inferences. Often the data available are presented in different mediums and may be stored, commu-
nicated,	interpreted	or	processed	by	automated	means.

Database querying and data mining:
	 The	automated	process	of	discovery	or	extraction	of	factual	information	based	on	the	user’s	
request	can	be	termed	‘database querying’,	whereas	the	automated	discovery	or	extraction	of	hidden	
predictive	 information	 from	databases	can	be	termed	 ’Data mining’.	The	 latter	process	of	 late	has	
been	highly	more	interactive	in	nature	than	the	former	(Westphal	and	Blaxton,	1998,	p.16).	However,	
both	processes	are	not	directly	dependent	on	visualization.	Hence,	we	do	not	dwell	further	on	the	
associated	interaction	techniques.

Brushing and Linking:
	 A	process	wherein	users	have	the	ability	to	interactively	highlight,	select	or	delete	a	subset	
of	elements	or	conceptual	entities	with	regard	to	the	visualization	performed,	can	be	termed	brush-
ing	 (Monmonier,	1988,	1989).	Often,	brushing	 is	associated	with	 linking, which can be defined as 
the process of selective highlighting which directly affects or reflects the selection in other (linked) 
views.

		 Exploring	possible	usage	of	brushing	techniques	across	the	geographic	domain,	Monmonier	
(1988,	1989)	presented	a	novel	approach	of	linking statistical plots	(Becker	&	Cleveland,	1987)	with	
geography	 for	 analyzing	 spatially	 referenced	 data.	 This	 collection	 of	 techniques	 are	 termed	 ‘geo-
graphical brushing’	and	correspond	to	the	events	triggered	by	the	users	on	interacting	with	the	map	
display	 (i.e.	 with	 geographically	 referenced	 data).	 Note	 that	 this	 process	 is	 more	 than	 mere	 selec-
tion	of	geographic	entities	on	the	map.	Besides	geographical	brushing,	the	notion	of	brushing	can	be	
extended	to	attribute brushing	(clicking	on	items	in	a	table	or	entities	in	a	diagram),	and	temporal 
brushing	 (corresponding	 to	 timeline	 selection)(MacEachren	 et al.,	 1998).	 The	 three	 techniques	 of	
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geographic,	statistical	and	temporal	brushing	are	inter-linked	and	data	can	be	explored	to	identify	
spatial	patterns	(Kraak,	2001;	Crampton,	2002).	Figure	2.7	illustrates	an	example	of	brushing	and	
linking	in	the	geographical	domain.

	 Kraak	(2001)	states	that	“these technological tools have embarked a new era of cartography 
which stimulates visual thinking, that would allow users to look at spatial and geo-referenced data in 
any combination, at any scale, with the aim of seeking or attribute or time or a combination of any of 
these three spatial components on to customized dimensions of interest expressed by the users”.

Figure 2.7: An example of brushing and linking. When the user moves over the map or his-
togram the corresponding element is highlighted (Neumann, 2003; http://www.karto.ethz.
ch/neumann/cartography/vienna) 

	 Many	combinations	can	be	perceived	using	brushing	and	linking,	multiple	views	and	focus,	
and	context	techniques	to	reduce	the	user’s	cognitive	load.	Ward	(1994)	extended	the	usage	of	brush-
ing	technique	to	dimensions	greater	than	two,	facilitating	users	to	gain	an	understanding	of	spatial	
relationships in N-space by highlighting all data points which fall within a user defined, re-locatable 
sub-space. In addition to this, brushes are classified by identifying in which space the selection is 
being performed, screen or data space. Brushing in screen space is defined as a continuous two-di-
mensional sub-space on the screen whereas in data space it is either by an enumeration of data elements 
contained within the brush or the N-dimensional boundary box that encapsulates the selection.	 It	 is,	
however,	argued	that	the	objectives	of	brushing	techniques	can	be	to	either	specify	containment	with	
well-known	boundaries	by	the	user,	or	that	brushing	can	act	as	a	query	tool	to	extract	data	by	setting	
data ranges on different dimensions.  Interactive manipulations using brushing techniques may be 
direct or indirect, if the user creates and modifies the brush directly by mouse on the data display, 
or	indirectly,	by	usage	of	separate	widgets	like	sliders	or	range	sliders.	Often	direct	interactive	ma-
nipulations	are	carried	out	on	screen	space	and	subsequent	responsive	feedbacks	are	obtained	as	
results,	which	make	the	process	intuitive	in	nature.	Data	ranges	for	dimensions	that	are	not	shown	
must be specified with separate range sliders. Further, the brushes may be classified into range slider 
(Ahlberg	and	Shneiderman,	1994),	beam	brush,	value	brush	(a	data	driven	brush),	and	cluster	brush	
(Sahling,	2002	&	Kosara	et al.,	2004).

	 Graphical	formulation	of	queries	is	a	process	perceived	as	natural,	where	familiar	brushing	
techniques	can	be	of	utmost	usage.	The	notion	of	‘dynamic querying’	was	promoted	by	Shneiderman	
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(1994)	 as	 an	 interactive	 approach	 to	 graphical	 database	 querying.	 However,	 numerous	 other	 con-
ceived	brushing	techniques	are	discussed	in	the	literature	such	as	conditioning	 (Becker	and	Cleve-
land,	1987),	sectioning	(Furnas	and	Buja,	1994).		Further	work	on	enhancing	the	brushing	concept	
was	presented	by	Martin	&	Ward	(1995).	Their	methods	present	novel	concepts	such	as	usage	of	
non-discrete	brush	boundaries	(ramped	boundary	brushes),	simultaneous	display	of	multiple	(up	to	
four)	brushes,	and	creation	of	composite	brushes	via	logical	operators	(data	driven	brushing).	Wills	
(1996)	demonstrated	the	extensive	use	of	the	concept	of	linking	and	brushing	by	extending	it	to	mul-
tiple brushing types, and the flexibility in application of basic selection operations allow replacement, 
addition,	subtraction	and	intersection	of	data	on	screen	spaces.

Figure 2.8: Dumpster – An interactive online visualization that depicts a slice through the 
romantic lives of American teenagers. (Levin et al., 2006; http://artport.whitney.org/com-
missions/thedumpster/)
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Figure 2.9: Namevoyager (Wattenberg, 2005; http://www.babynamewizard.com/namevoy-
ager/Inv0105.html)

 A few noted examples that present linking and brushing techniques are: XGobi -Buja et al.,	
(1996);	linked micromap plots	(Carr	et al.,	1996,	1998,	2000,	2001);	Polaris	(Tang,	2001;	Solte	et al.,	
2002);	Scalable Framework	(Lopez,	2001),	Compound brushing	(Chen,	2003);			Timesearcher	(Hoch-
heiser	et al.,	2001,	2003;	Buono	et al.,	2005),	Dumpster	(Levin	et al.,	2006;	Figure	2.8);		Namevoyager	
(Wattenberg,	2005;	Figure	2.9);	DynaMaps	(Li	et al.,	(2003).	

Filtering and Highlighting:
	 Users	seek	the	ability	to	sift	through	large	amounts	of	data	presented	by	excluding, omitting 
or simplifying irrelevant or insignificant data from representation. This ability is termed as filtering 
(Crampton,	2002).	On	the	contrary,	when	a specific set of data is emphasized or typified, a	technique	
often	adopted	to	draw	the	user’s	attention	to	minute	details	of	importance,	this	is	termed	as	high-
lighting.		An	example	of	non-interactive	nature	of	highlight-	searching	for	word	count	tool	(Corum,	
2006; Figure 2.10).  Figure 2.11 illustrates the example of filtering and highlighting by toggling on/off 
the	layers	that	are	not	of	interest	to	the	users.

	 A	few	noted	examples	(snapshots	provided	in	Appendix-E)	of	such	usage	are	Kartoo (www.
kartoo.com) where co-occurrent terms are filtered; Grokker (www.grokker.com) allows filtering based 
on	the	rank,	domain	and	source;	Mapquest (www.mapquest.com)	where	highlighting	is	accomplished	
by	means	of	placing	marker	icons	on	places	of	interest	such	as	schools,	origin	or	destination	of	a	route,	
etc.;	and	Dynamic Queries	(Ahlberg	and	Shneiderman,	1994).
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Figure 2.10: An example of non-interactive highlighting (Corum, 2006; http://style.org/jud-
gealito)

 A combination of interactive filtering and highlighting techniques with focus-and-context, as 
well as a distortion technique to draw a different perspective is demonstrated in Magic Lens	(Bier	et 
al., 1993; Fishkin and Stone, 1995), which facilitates the user’s ability to magnify and blur specific 
data.

Figure 2.11 An illustation of simple filtering and highlighting by layer choice. Filtering 
information is achieved by by toggling on/off the layers that are not of interest to the user 
(source: http://www.carto.net/papers/svg/tuerlersee/)

2.3.3.2.2 Interaction with data representation
	 ‘Interaction	with	data	representation’	is	the	process	of	selectively	modifying,	by	appropriate	
interaction	techniques,	the	way	in	which	the	data	(i.e.	the	factual	information)	is	represented,	such	
that the graphical representation better reflects the underlying information structure, allowing to 
stimulate	a	subjective	cognition	among	the	users.	The	interaction	techniques	of	this	class	include	the	
following:

Lighting:
 Increasing or decreasing the illumination, ambience on a specific object in a representation 
has a significant impact on the user’s perception. An example of lighting effect could be a shaded re-
lief	map	with	changing	illumination	angle	to	better	bring	out	particular	geomorphological	features	
(Crampton,	2002).
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Viewpoint (‘Camera’):
	 A	change	in	the	viewpoint	presents	varied	perspectives	to	the	users	of	the	same	data.	Gers-
mehl	(1990)	discusses	the	‘model and camera’	metaphor,	which	changes	the	view	of	the	data	scene	
based	on	the	user-selected	viewpoint	of	a	virtual	camera	(Crampton,	2002,	p.91).

Changing orientation of data:
	 It	is	an	extension	of	the	viewpoint	techniques,	where	“the model and camera metaphor con-
sider how the model (data) can be re-oriented to allow a new perspective”	(Crampton,	2002;	p.91).	A	
noted	example	is	Map24	(www.map24.com)	which	presents	a	change	in	orientation	of	the	map	per-
spective	from	2-D	to	pseudo	3-D	(2.5	D).

Zooming & focusing:
	 Zooming	is	a	graphic	interaction	technique	that	facilitates	scaled	views	of	the	representation	
on	user’s	subjective	selection	to	present	the	details.	The	process	is	either	from	abstract	to	detailed	
scaled	viewing	or	vice	versa,	which	 is	denoted	as	 ‘zoom-in’	or	 ‘zoom-out’.	Navigation	within	 these	
spaces	is	facilitated	through	panning	either	from	left	to	right	or	up	to	down	and	vice	versa.	Furnas	
&	Bederson	(1995)	present	a	broad	range	of	techniques	to	display	multiple	scales	of	information	in	
a	 two-dimensional	 representation,	 termed	 multiscale viewing.	 	 In	 the	 desktop	 metaphor,	 zooming,	
panning and scrolling address the constraints posed by the display to facilitate identification of es-
sential	information	within	large	information	spaces.	Conversely,	in	the	zoom	metaphor,	the	scale	is	
manipulated	or	varied	over	a	single	view	using	distortion	techniques	so	that	the	outside	information	
is	not	lost	from	view	(Baik,	Bala	and	Hadjaran,	2001)	for	instance	in	fish eye views (Furnas,	1986)	
or	in	the	bifocal metaphor.	These	linear	or	non-linear	visualization	techniques	impart	a	potentially	
powerful	sense	of	control	to	the	users	presenting	a	macro/micro	point	of	view	(Tufte,	1990).	Furnas	
&	Bederson	(1995,	p.234)	argued	that	“in either case, the basic assumption is that by moving space and 
changing scale the users can get an integrated notion of very large structured and its contents, navi-
gating through it is way more effective for their tasks”.	Two	conceptual	issues	need	to	be	addressed	
concerning	zooming,	which	are	as	follows	(Bederson	et al.,	2000):	How	to	change	the	scale	smoothly;	
and how to store data at different zoom levels.

	 Zooming	can	take	two	forms:	geometric	and	semantic zooming.	Geometric	zooming	simply	
provides	 a	 blow	 up	 of	 the	 graphical	 content	 whilst	 in	 semantic	 zooming	 the	 information	 content	
changes	when	approaching	a	particular	area	(von	Wyss,	1996).	Geometric	zooming	is	linear	in	na-
ture and depends on the physical properties of what is being viewed. Semantic zooming was first 
introduced	by	Perlin	and	Fox	(1993)	in	the	Pad	System	and	later	supported	by	Bederson	and	Hollan	
(1994).	In	semantic	zooming	the	representation	shown	depends	on	the	meaning	to	be	imparted	and	
is	non-linear	in	nature.	It	usually	requires	an	LOD	(level	of	detail)	concept	and	is	closely	related	to	
automatic	generalization	(Cecconi	and	Galanda,	2002;	Neumann,	2005).	Semantic	zooming	not	only	
affects the size of the objects but also their representations. Owing to its non-linear nature semantic 
zooming can be further classified into semantic lensing and semantic zooming.

	 Unlike	traditional	approaches	to	create	multiple	representations	of	an	object	and	switching	
the	view	to	the	required	degree	of	interest	(DOI)	Good	et al.	(2002)	and	Shipman	(1999)	present	a	
novel	approach	for	automatic	generation	of	textual	representations	for	changing	space	requirements.	
Another approach adopted is iconification and omission within the context of semantic zooming, pro-
posed by Woodruff and Olston (1998).

Distortion:
 Distortion is a view modification technique unlike traditional zooming, wherein concurrent 
presentation of local details together with the holistic view at a reduced magnification is provided in-
teractively,	without	severely	compromising	spatial	relationships.	The	foundation	for	these	techniques	
were	presented	in	1973	in	the	form	of	a	digital	enhancing	and	continuity	retaining	lens	called	Graphi-
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cal Fish Eye (Farrand, 1973), to address what he termed the DETAIL X SCOPE problem in information 
display.	Extending	the	concept,	Kadmon	and	Shlomi	(1978)	presented	a	polyfocal	projection	for	the	
presentation	 of	 statistical	 data	 on	 non-interactive	 cartographic	 maps.	 They	 laid	 the	 mathematical	
foundation	for	a	variety	of	techniques.

	 It	is	not	our	intention	to	present	an	in-depth	study	of	various	distortion	techniques	but	only	
to outline significant contributions and bring about awareness with respect to the availability of a 
range	of	techniques	available.	Several	noted	examples	are:

Bifocal	display	(Spense	and	Apperley,	1982):	A	one	dimensional	form	which	involves	a	
combination	of	a	detailed	view	and	two	distorted	side	views,	where	items	on	either	side	
of	the	detailed	view	are	compressed	uniformly	in	the	horizontal	direction.

Fisheye	view	(Furnas,	1986):	Suited	for	a	hierarchical	structure,	where	elements	are	as-
signed	priority	(relevance)	and	distance	from	the	element	under	consideration	and	focus	
point	 in	 the	 structure.	 Subsequent	 selection	 of	 threshold	 value	 and	 the	 comparison	 of	
functions	of	these	two	numbers	determine	what	information	is	to	be	presented	or	sup-
pressed.	Holland	et al. (1989)	and	Mitta	(1990)	extended	the	work	of	Furnas.

Perspective	wall:	A	conceptual	descendent	of	the	bifocal	display	is	presented	by	Mackin-
lay	et al.	(1991).	The	perspective	wall	is	based	on	the	notion	of	smoothly	integrating	de-
tailed	and	contextual	views	to	assist	in	the	visualization	of	linear	information.

Hyperbolic	 visualization	 (Lamping	 et al.,	 1995;	 Munzner,	 1995,1997;	 Munzner	 et al.,	
2000):	Lays	out	the	hierarchy	on	a	hyperbolic	plane	and	maps	this	plane	onto	a	circular	
display	region.	The	hyperbolic	plane	is	a	non-Euclidean	geometry	in	which	parallel	lines	
diverge	away	from	each	other.	This	leads	to	the	convenient	property	that	the	circumfer-
ence	of	a	circle	on	a	hyperbolic	plane	grows	exponential	within	its	radius,	which	means	
that	exponentially	more	space	is	available	with	increasing	distance.

Flip	zooming	(Holmquist	and	Ahlberg,	1997;	Bjork,	2000):	Data	are	broken	into	pages	
and flipped as in the pages of a book. The pages in focus are zoomed in, while those out 
of	 focus	are	displayed	as	thumbnail	sketches,	 facilitating	ease	of	access	to	the	users	to	
navigate	through	large	data	spaces.

Leung and Apperley (1994) outlined a taxonomy of distortion-oriented techniques, which classified 
them	into	continuous	and	non-continuous	techniques,	with	bifocal	and	perspective	wall	assigned	to	
the latter class, and fisheye view and polyfocal display to the former. Furthermore, Leung and Ap-
perley broadly classified distortion and non-distortion techniques based on the characteristics of 
the	data,	as	being	inherently	graphical	in	nature,	with	implicit	spatial	relationships	or	whether	it	is	
non-graphical	in	nature	that	facilitates	representation	in	abstract	graphical	form.	This	taxonomy	of	
presentation	techniques	for	large	graphical	data	spaces	is	illustrated	in	Figure	2.12.

•

•

•

•

•
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Figure 2.12: Taxonomy of presentation for large data spaces (Leung and Apperley, 1994; p. 
127)

 A combination of distortion techniques with map display, filtering, brushing and linking facili-
tate	better	interactivity	subjective	to	the	needs.	A	few	examples	are	illustrated	in	Figures	2.13	to	2.17.	
Note	that	Figures	2.13	to	2.16	represent	a	particular	form	of	distortion	technique	called	‘cartogram’,	
which we also intend to use in our experiments. Dorling (1995; p. xiv) defines cartograms as follows: 

“A cartogram is a map or diagram showing geographical and statistical information. More specifically, 
the word cartogram has been defined as a ‘combination of map and graph’	(Wilkie,	1976,	p.1).	In fact, 
ordinary maps are equal land area cartograms, equal areas of space being allocated on the map sheet to 
equal areas of land”.	Table	2.5	provides	an	overview	of	commonly	known	cartogram	types.	Note	that	
Figures	2.13	to	2.16	all	show	examples	of	contiguous	cartograms.	We	will	see	instances	of	Dorling	
cartograms	in	Chapter	4.
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Table 2.5: Cartogram classification (Dent, 1998)

1. Non-contiguous	cartogram The	connectivity	of	geographic	adjacent	units	is	not	pre-
served	in	non-contiguous	cartograms.	By	freeing	the	ob-
jects	from	their	adjacent	object,	they	can	grow	or	shrink	
in	size	and	still	maintain	their	shape.	They	are	sometimes	
also	referred	to	as	shape	preserving	cartograms.

2. Contiguous	cartogram In	this	case	of	cartograms,	the	adjacency	is	maintained	
(the	objects	remain	connected	with	each	other)	which	
causes	great	distortion	in	shape.

3. Dorling	cartogram Named	after	Danny	Dorling.	They	maintain	neither	shape,	
topology	nor	object	centroids.	Objects	are	replaced	with	
a	uniform	shape,	usually	a	circle,	of	the	appropriate	size,	
for	the	reason	that	the	shapes	do	not	overlap.	A	similar	
approach	is	adopted	with	squares,	thus	leaving	fewer	
gaps	between	the	shapes.

4. Pseudo	cartogram This	is	proposed	by	Tobler	(1986,2004)	and	doesn’t	
conform	to	any	of	the	cartogram	rules,	but	they	resemble	
cartograms.	The	connectivity	between	objects	is	moved	
to a reference grid in order to give the same effect. Least 
square adjustment is used to find the “best fit” or carto-
gram	that	“is	close	enough”

Rescaling:
A	graphic	interaction	technique	which	facilitates	scaling	back	to	an	initial	level	of	detail	can	be	termed	
re-scaling	or	re-setting.	It	can	be	viewed	analogous	to	an	action	of	rollback,	wherein	users	return	to	
their	initial	state	of	interaction.	This	usually	occurs	when	users	wish	to	return	the	overview	(initial	
state)	after	a	zoom-in	operation.	Hence,	this	term	refers	to	re-setting	the	scaling	parameters	of	the	
data	display.

Figure 2.13: U.S Federal Election (http://
www.nytimes.com/packages/html/poli-
tics/2004_ELECTIONRESULTS_GRAPHIC/)

Figure 2.14: The population of Europe 
(country codes according to ISO 3611) (van 
Kreveld and Speckmann, 2004)
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Figure 2.15: Geographical distribution 
of news stories. Newman and Gastner 
show (http:// www.sciencenews.org/arti-
cles/20040828/bob8.asp)

Figure 2.16:  % of votes by county cast for 
the leading candidate (Corum, 2004. http://
www.style.org/mappingvotes/)

Figure 2.17: State delegate equivalents and the 2004 IOWA caucuses. Individual results per 
county are scaled in a checker board pattern. (Corum, 2004. http://www.style.org/iowacau-
cus/)

Remapping symbols:
	 In	a	user-centred	environment,	provision	to	customize	the	representation	would	help	the	us-
ers	perceive	the	information	presented	in	a	better	way.	This	ability	to	have	customized	symbolization	
and	colouring	schemes	helps	users	to	better	perceive	the	information	presented	(Brewer,	1990).	One	
such	highly	valued	tool	is	ColorBrewer,	designed	to	help	people	select	good	colour	schemes	for	maps	
and	other	graphics	(Harrower	&	Brewer,	2003).

2.3.3.2.3 Interaction with temporal dimension
	 Representing	data	and	processes	that	involve	both	space	and	time	poses	a	formidable	chal-
lenge.	In	addressing	this	intriguing	challenge,	dynamic	representations	and	interactions	can	help	to	
create	spatio-temporal	representations	that	are	cognitively	informative	to	the	user.	These	cognitively	
informed	representations	involve	the	depiction	of	change	over	a	single	time-space	continuum	that	
can	 be	 visually	 explored	 to	 trigger	 domain	 knowledge	 of	 dynamic	 phenomena	 (Kraak	 &	 Orneling,	
2003).	“Representation variables in geodata context are interchangeable signs or signals that can be 
used to symbolize aspects of the data in perceptual form. Symbolization may vary from realistic to ab-
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stract; symbols may deliberately transform or exaggerate data characteristics or exhibit special effects 
(e.g. blinking spots or symbols that change their characteristics upon mouse-overs.)”	(Blok,	2005,	p.	61).	
DiBiase	et al., (1992) and MacEachren (1992) first introduced the notion of dynamic variables apart 
from	those	(static)	visual	variables	presented	by	Bertin	(1983).

	 Blok	(2005)	presents	an	exhaustive	study	of	dynamic	visualization	variables	evolved	to	date	
and	outlines	a	set	of	variables	of	temporal	dimension	in	animated	representations	expressed	in	terms	
of	concepts	 introduced	by	DiBiase	et al.,	 (1992)	and	MacEachren	(1992),	and	relates	them	to	con-
cepts	introduced	by	other	authors,	as	shown	in	Table	2.6.	In	addition	to	Bertin’s	original	set	of	visual	
variables,	 four	dynamic	visualization	variables	 (moment of display, order, duration, and frequency)	
are defined and distinguished considering a design perspective and effects of the usage of these vari-
ables.

Table 2.6: Variables of the temporal dimension in animated representations expressed 
in concepts introduced by DiBiase et al.(1992) and MacEachren (1994); Blok (2005, p. 64, 
Table 4.1)

Concepts in-
troduced by 
DiBiase et al. 
(1992) and 
MacEachren 
(1994b)

Concepts used by other authors:

Hayward 
(1984)

Magnenat-
Thalmann 
& Thalmann 
(1990)

Shepard 
(1994)

Green 
(1999)

Wilkinson 
(1999)

Moment	of	dis-
play

none none timing none none

Order scene	(ef-
fects)

sequence none motion	direc-
tion

motion	direc-
tion

Duration speed	of	
movement

none duration motion	veloc-
ity

motion	speed

Frequency none none motion/posi-
tion	change;	
blinking

frequency	
(flicker and 
phase)

none

Rate	of	change none none none none motion	ac-
celeration

Synchronization none none none none none

Navigation:
	 Navigation	can	be	seen	as	the	process	of	plotting	a	course	of	exploration	involving	all	levels	of	
interactivity to achieve specific objective within an information seeking environment, be it dynamic 
or	static	in	nature.	Navigation	within	the	digital	spatial	realm	has	never	been	an	easy	task	and	often	
the user’s perception of space differs from the one presented by the system. Visualizations in the 
recent	past	have	become	increasingly	ubiquitous	as	a	way	to	increase	the	engagement	between	users	
and	the	information	to	be	explored.		Figure	2.18	illustrates	America’s	richest	on	a	time	scale,	where	
in	user’s	can	navigate	through	this	time	scale	revealing	the	statistics	of	each	region.

Fly-through:
	 Fly-throughs	are	a	sophisticated	form	of	navigation	where	 in	users	can	choose	to	virtually	
walk or fly through selected consecutive sequences of views (called frames) of a terrain scene that 
give	the	appearance	of	moving	through	the	real	landscape	(Crampton,	2002,	p.93)
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Toggling:
	 A	technique	of	switching	back	and	forth	between	time	periods	to	highlight	changes	or	to	re-
store	a	state	is	termed	‘toggling’	(Crampton,	2002,	p.93).	Figure	2.19	illustrates	a	map	depicting	the	
frequency	of	conversations	on	Topix.net	for	the	US	based	on	time	line	and	geo-categorization;	the	
news	topics	can	be	toggled.

Figure 2.18: An illustration of America’s richest – Hometowns of the richest 400 (http://www.
forbes.com/2005/09/15/hometowns-networths-america-richest_05rich400_map.html)
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Figure 2.19 Topix.net Conversation Map for the contiguous states of the USA (http://www.
topix.net/blogs)

Sorting or re-expression:
	 Sorting	or	re-expression	can	be	characterized	as	selective	segregation	or	arranging	items	of	
the	 same	 kind,	 class	 or	 nature,	 etc.	 in	 some	 ordered	 sequence.	 By	 this	 process	 items	 with	 similar	
properties	are	grouped	or	labelled	together,	facilitating	the	ease	of	access	for	the	end	users.	Figure	
2.19 illustrates an example of sorting news articles based on location for a specific region in the USA. 

2.3.3.2.4 Contextualizing interactions.
	 In	 geovisualization	 environments,	 where	 usually	 multi-faceted	 problems	 are	 explored,	 the	
understanding	of	context	is	crucial.	Context	can	be	referred	to	as	how	the	user	selects	the	relevant	
data or compares two different data sets of interest. If more than one theme or statistical variable has 
to	be	packed	into	a	single	map,	the	map	will	quickly	become	complex	and	possibly	overburdened.	Fig	
2.20	illustrates	one	such	example	that	attempts	to	depict,	in	a	single	map,	two	interrelated	statistical	
variables,	namely	the	percentages	of	votes	by	county	cast	for	Schwarznegger	vs.	Bustamante	in	the	
2003 election for Governor of California. While this map is highly sophisticated and differentiated, it 
is	also	quite	complex	to	read.	One	way	to	deal	with	high	levels	of	complexity	is	by	interactions,	which	
allow the user to explore the context of a map and to visualize the data from different perspectives. 
The	interactions	that	will	be	discussed	below	include	multiple	views	and	combination	of	data	layers.
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Figure 2.20: Percentages of votes cast by county for Schwarzenegger vs. Bustamante in the 
2003 election for Governor of California [Source: http://www.style.org/mappingvotes/]

Multiple views:
	 Multiple	views	are	often	used	when	unforeseen	relationships	of	a	single	conceptual	entity	
need	 to	 be	 discovered	 (Shneiderman,	 1987).	 The	 process	 is	 either	 sequential	 or	 simultaneous	 in	
nature.	Buja	et al. (1996,	p.83)	state	that	 the	sole	“purpose of arrangement of views is to facilitate 
meaningful comparisons”.		Baldonado	et al.	(2000)	identify	the	underlying	complexities	involved	in	
coordination	and	subtle	interactions	among	many	dimensions	of	design	space.

	 In	the	process	of	design,	one	should	bear	in	mind	the	cognitive	aspects	involved	in	adopting	
multiple	views	within	the	system.	Baldonado	et al. (2000,	p.11)	point	out	that	“multiple views can 
provide utility in terms of minimizing some of the cognitive overload engendered by a single, complex 
view of the data. On the other hand, multiple views can decrease utility when added to the system, both 
in terms of higher cognitive overload (e.g. for context switching)”.	By	cognitive	overhead	is	meant	the	
effort in comparing a single conceptual entity in relation to others or to other dimensions. These 
interactions	necessarily	involve	a	higher	degree	of	cognitive	processing	and	computational	require-
ment.	The	work	by	Baldanado	et al. has identified the important dimensions of multiple view mod-
els:	selection of views, presentation of views,	and	interaction among views.		Furthermore,	their	work	
extends	to	outline	four	design	rules	that	help	to	decide	when	multiple	views	may	be	adopted	as	an	
integral	part	of	the	system,	including	rules	about	diversity,	complimentarity,	parsimony,	and	decom-
position	(Baldanado	et al., 2000). Furthermore, they define four additional rules about how to use 
multiple	 views,	 including	 space/time	 resource	 optimization,	 consistency,	 self-evidence,	 and	 atten-
tion	management.	These	eight	rules	are	summarized	in	Table	2.7.
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Table 2.7: Summary of rule and areas of major impact on utility of multiple views (Balda-
nado et al., 2000; p. 112, Table 1)

Rule Summary Major positive im-
pacts on utility

Major negative im-
pacts on utility

Diversity To	use	multiple	views	
when	there	is	a	diversity	
of	attributes,	models,	user	
profiles, levels of abstrac-
tion	or	genres

Memory Learning	computation-
al	overhead	display	
space	overhead

Complimentarity To	use	multiple	views	
when different views 
bring	out	correlations	
and	or	disparities

Memory	comparison	
context	switching

Learning	computation-
al	overhead	display	
space	overhead.

Decomposition To	partition	complex	
data	into	multiple	views	
to	create	manageable	
chunks	and	to	provide	in-
sights	into	the	interaction	
among different dimen-
sions.

Memory	comparison learning	computation-
al	overhead	display	
space	overhead

Parisomony To	use	multiple	views	
manually

Learning	computa-
tional

Memory	comparison	
context	switching

Space/Time	re-
source	optimization

To	balance	the	spatial	and	
temporal	costs	of	present-
ing	multiple	views	with	
spatial	and	temporal	ben-
efits of using the views

Comparison	computa-
tional	overhead,	dis-
play	space	overhead

Self-evidence To	use	perceptual	cues	
to	make	relationships	
among	multiple	views	
more	apparent	to	the	user

Learning	comparison Computational	over-
head

Consistency To	make	the	interface	for	
multiple	views	consist-
ent,	and	make	the	state	of	
multiple	views	consistent

Learning	comparison Computational	over-
head

Attention	manage-
ment

To	use	perceptual	tech-
niques	to	focus	the	user’s	
attention	on	the	right	
view	at	the	right	time

Memory	switching Computational	over-
head

	 Gleaning	through	the	literature	to	identify	prominent	examples	of	the	usage	of	multiple	views	
sheds	light	on	the	works	of	North	et al.	(2000,	2002)	who	present	a	“snap-together-visualization al-
lowing users to construct customized, coordinated multiple views that fit their needs”;	Buja	et al.	(1996,	
1998) with the  XGobi and XGvis systems; Dai & Hardisty (2002), MacEachren (2003) who proposed 
a	multiform	bivariate	matrix	map	showing	the	relationship	between	four	variables	for	counties;	and	
Bavoil	et al.	(2005)	with	the	VisTrails	system	that	enables	interactive	creation	and	maintenance	of	
multiple	view	visualizations.

Combining data layers:
	 Users	are	often	intrigued	by	questions	about	which	phenomena	are	to	be	examined	and	how	
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the	 analysis	 needs	 to	 be	 carried	 out	 when	 attempting	 to	 answer	 a	 geographic	 question.	 Some	 in-
teractive	geovisualization	environments	enable	users	to	perform	functions	of	spatial	analysis	such	
as projection and spatial transformation utilities; spatial retrieval classification and measurements; 
logical	 and	 visual	 overlaying;	 proximity	 and	 network	 functions;	 map	 algebra	 utilities;	 and	 output	
generation	(Falbo	et al.,	2002).	Such	analysis	functions	are	performed	by	considering	attribute	and	
map (geographic) data, and are often supported by combining and overlaying (or merging) different 
visualizations of the data sets in order to deduce results of specific interest to the user (Crampton, 
2002).

	 Notable	exemplars	of	such	interactive	environment	are	the	US	Census	Bureau’s	interactive	
mapping	 tool	 as	 shown	 in	 Figure	 2.21;	 USGS National Map Viewer (http://nmviewogc.cr.usgs.gov/
viewer.htm), Geospatial One-stop (http://gos2.geodata.gov/wps/portal/gos), and the Hurricane Dis-
aster Viewer (http://apps.arcwebservices.com/sc/hurricane_viewer/index.html).	The	surge	of	interest	
in	GIS	and	geography	in	general	has	been	acknowledge	by	Nature’s	article	on	Geographic	Mashups	
(Butler,	2006)	which	sheds	light	on	merging	two	or	more	geoweb	services	and	the	integration	of	dis-
parate	data	sets	using	geography	as	the	key	fundamental	reference.	Such	integration	also	makes	use	
of	the	combination	of	data	layers.

Figure 2.21: US Bureau of the Census, Tiger Map Server: An exemplar illustrating the com-
bination of data layers. The maps illustrate the overlay of different data layers superim-
posed on the map in order to infer the results of interest for the user. (Source: http://tiger.
census.gov/cgi-bin/mapbrowse-tbl)

2.4 Taxonomy of user tasks for interaction
	 Mapping	to	the	envisioned	system	requirements,	a	critical	task	analysis	in	essence	can	enable	
rapid	construction	of	task	descriptions	with	accompanying	elegant	task	diagrams.	Enabling	design-
ers	 to	 rapidly	 sketch	 task	 sequences	 that	 can	 be	 summed	 up	 to	 use-case	 scenarios.	 Shneiderman	
(1996)	proposes	a	type	by	task	taxonomy	of	information	visualizations,	where	he	assumes	that	users	
are	viewing	collections	of	items,	where	items	have	multiple	attributes.	In	all	seven	data	types	listed	
below	(1-,	2-	,	3-dimensional	data,	temporal	and	multi-dimensional	data,	and	tree	and	network	data)	
the	items	have	attributes	and	a	basic	search	task	is	to	select	all	items	that	satisfy	values	of	a	set	of	at-
tributes.	The	seven	tasks	are	at	a	high	level	of	abstraction	and	they	are:
	 Overview: Gain an overview of the entire collection.
 Zoom: Zoom in on items of interest.



Exploratory Representation for Geographic Information Retrieved from the Internet��

C
ha

pt
er

 2 2. Theoretical Background

 Filter: filter out uninteresting items.
 Details-on-demand: Select an item or group and get details when needed.
 Relate: View relationships among items.
 History: Keep a history of actions to support undo, replay, and progressive refinement.
 Extract: Allow extraction of sub-collections and of the query parameters.

	 Having	learnt	about	the	interaction	techniques	adopted	in	various	visualizations,	discussed	
above	(Shneiderman,	1996),	which	serve	as	design	guidelines	for	visualization.	Pillat	et	al.,	(2005)	
criticize,	however	that	they	do	not	serve	to	represent	a	comprehensive	framework	for	evaluation	and	
usage	guidelines.

	 A	taxonomy	based	on	use	tasks	for	interaction	(as	shown	in	Figure	2.22)	serves	to	assess	the	
capabilities and efficiency of the techniques in visualization. Pillat et al.	(2005)	in	their	experimental	
studies	on	the	evaluation	of	multidimensional	visualizations	adopted	the	taxonomy	proposed	by	Vali-
ati (2005). This taxonomy identifies seven tasks: identify, determine, visualize, compare, infer, config-
ure, and locate.	Of	which	identify, determine, compare, infer	and	locate	are	used	to	visually	explore	and	
analyse,	while	and	the	other	two	–	configure	and	visualize	–	serve	as	supporting	tasks.

	 Adopting	a	metaphor	of	a	mathematical	function,	Andrienko	&	Andrienko	(1996)	identify	the	
tasks	involved	in	exploratory	data	analysis.	Furthermore,	they	propose	that	a	task	consists	of	two	
parts: What information needs to be obtained? What conditions does this information need to fulfil? 
Andrienko & Andrienko (2006) then devote an entire chapter to the definition of a comprehensive 
list	of	tasks	of	exploratory	spatiotemporal	data	analysis,	further	distinguishing	between	elementary	
tasks	(referring	to	individual	elements	of	the	reference	set)	and	synoptic	tasks	(involving	the	whole	
reference	sets	or	subsets	thereof).

2.5 Visualizing Text
2.5.1 Visualizing text document collections
	 In	 searching	 web	 documents	 the	 primary	 data	 retrieved	 is	 text.	 Many	 visualization	 propo-
nents have developed techniques to browse different kinds of textual data.  The Seesoft visualization 
proposed	by	Eick	et al.	(1992)	enables	mapping	of	text	documents	into	an	analytical	visual	form.	A	
statistic	associated	with	the	text	lines	is	mapped	onto	a	colour	ramp.	Visualization	of	text	to	a	2-D	
display	is	accomplished	by	tiling	or	generating	composite	pages.	A	noted	exemplar	of	this	visualiza-
tion	is	demonstrated	in	Figure	2.23.

	 For	larger	collections,	attempts	have	been	made	to	create	a	semantic	2-D	map	of	the	docu-
ment	space.	A	novel	approach	to	these	concerns	has	been	presented	by	Lin	(1991)	using	the	idea	of	a	
self-organizing	map	originally	developed	by	Kohonen	(1990)	to	create	a	2-D	visualization	of	a	large	
text	collection.	Several	other	visualization	techniques	have	been	proposed	such	as	Web	Book	(Card	et 
al.,	1996),	Perspective	Wall	(Kohonen,	1995),	Document	Lens	(Robertson	&	Mackinlay,	1991),	Cat-a-
Cone	(Hearst	et al.,	1997)	and	LightHouse	(Leuski	and	Allan,	2000).

	 A	novel	approach	to	graphically	represent	the	similarities	amongst	a	corpus	of	documents	
based	on	word	similarities	and	discovery	of	key	topics	in	the	text	is	presented	by	Miller	et al.	(1998)	
under	the	name	TOPIC	ISLANDS.	Wise	et al.	(1995)	developed	SPIRE,	designed	with	an	objective	to	
let	users	rapidly	discover	underlying	relationships	in	a	collection	of	documents	by	identifying	per-
tinent	documents,	rather	than	wading	through	large	volumes	of	text.	The	n-dimensional	document	
signals are first clustered into groups of related documents; then projected into groups of related 
documents; and finally they are projected from n-space into 2-D space to create visual representa-
tions.	The	SPIRE	system	incorporates	a	number	of	visual	representations,	of	which	two	are	described	
and	illustrated	below:
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Figure 2.22: Taxonomy of user tasks for interaction with multidimensional visualization sys-
tem (redrawn from Pillat et al., 2005)

Figure 2.23: State of the union parsing tool (http://www.style.org/stateoftheunion/parse/)

Galaxies	(Crow	et al.,	1994)	are	based	on	a	dimensional	reduction	technique	called	mul-
tidimensional	scaling	(MDS)	with	closely	related	documents	clustered	together	in	a	2-D	
projection.	Galaxies	display	 the	documents	as	a	universe	of	 ‘docustars’.	Closely	related	
documents	cluster	together	in	a	tight	group	while	unrelated	documents	are	separated	by	
large	spaces	(as	shown	in	Figure	2.24).

Themescapes	(Wise	et al., 1995)	produce	a	virtual	terrain	map	of	themes	found	in	the	
corpus.	Themes	within	the	document	spaces	appear	similar	to	a	relief	map	of	natural	ter-
rain.	The	mountains	in	the	Themescape	indicate	dominant	themes;	valleys	indicate	weak	
themes.	Themes	that	are	close	in	content	are	visually	close	based	on	many	relationships	
within	the	text	spaces	(as	shown	in	Figure	2.25).

•

•

2.5 Visualizing Text
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Figure 2.24: Galaxies visualization (Crow 
et al., 1994)

Figure 2.25: Themescape visualization (Wise et 
al., 1995)

	
Cartia,	Inc.		demonstrated	the	use	of		the	Themescape	information	analysis	and	mapping	technology.	
These	attractive	and	interactive	NewsMaps	provide	a	‘holistic’	summary	of	large	volumes	of	textual	
information	represented	as	hills,	valleys,	and	white,	snow	capped	mountain	peaks	–	a	cartographic	
form	common	to	topographic	maps	of	the	real	world	(Figure	2.26).

Figure 2.26: A typical newsmap using the Themescape technique (developed by Cartia, Inc. 
http://www.mundi.net/maps/maps_015/#ref_2)
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2.5.2 Visualizing information hierarchies
	 Exploring	information	hierarchies	can	be	achieved	with	tree	views.	Simple	examples	of	such	
kinds	of	visualization	are	the	Microsoft	Windows	Explorer,	the	Macintosh	Finder,	and	the	Java	Jtree	
Component.	This	section	discusses	latest	visual	representations	to	view	information	hierarchies	of	
relevance	to	this	research.

 A space filling approach to visualization of hierarchical information structures called Treema-
ps	was	proposed	in	the	early	1990s	by	Johnson	&	Shneiderman	(1991).	Treemaps	(as	shown	in	Figure	
2.27) are a screen-filling visualization of a hierarchy generated by alternating vertical and horizontal 
slicing of screen space. At any instance perhaps three to five levels of the tree are visualized. The 
interactive navigation allows the user to zoom-in and explore particular subtrees. A difficulty with 
treemaps	is	that	overly	broad	trees	(i.e.	nodes	having	many	subtrees)	tend	to	generate	overly	narrow	
vertical	or	horizontal	strips.

	 A	similar	approach	of	representation	of	hierarchy,	using	a	three	dimensional	conical	repre-
sentation	is	presented	by	Robertson	et al. (1991,1994) (as shown in Fig 2.28). In an effort to impart 
perception	of	depth,	shadows	are	used	for	each	node	and	for	better	reading	the	labels	are	placed	on	a	
horizontal	layout.	Animations	are	incorporated	to	facilitate	transition	and	tracking	of	changes	made	
by	the	user.

 An extension of the Treemap was that proposed by Xerox PARC. The Hyperbolic Browser is a 
space-filling focus-and-context technique based on the principles of hyperbolic geometry, resulting 
in hyperbolic trees (as shown in Figure 2.29). A hyperbolic plane is generated, offering exponential 
space	along	each	axis,	and	is	then	mapped	to	the	unit	disc	in	Euclidean	space.	With	each	child	placing	
its	children	are	compressed	in	a	wedge	of	space.	Functionalities	available	to	manipulate	the	visualiza-
tion	in	the	Hyperbolic	Browser	include	dragging	the	nodes	around	the	display,	bringing	them	into	fo-
cus	in	the	central	area,	and	splaying	the	sub-tree	like	opening	a	fan	(Lamping	and	Rao,	1994	&	1997;	
Lamping	et al.,	1995).

Figure 2.27: Treemap: a space filling ap-
proach to visualization of hierarchical 
information structures (Johnson & Shnei-
derman, 1991)

Figure 2.28: The Cone-Tree: a conical repre-
sentation of hierarchy (Robertson et al., 1991, 
1994)
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Figure 2.29: Hyperbolic Browser (Lamping & Rao, 1996)

Figure 2.30: CHEOPS: A compact explorer for complex hierarchies (http://www.icg.tu-graz.
ac.at/~hofer/mmis97/thh/TreeMaps/Cheops.htm)

	 	 	Navigation	systems	are	not	only	used	for	navigation	through	physical	spaces,	but	also	
through	cyberworlds	of	various	kinds.	Beaudoin et al.	(1996)	introduced	CHEOPS	(Compact	Explorer	
for	Complex	Hierarchies;	Figure	2.30).	It	uses	overlapping	triangles	to	provide	a	compact	2-D	repre-
sentation	of	hierarchy	by	overlaying	(squashing	together)	children	to	save	on	screen	space.	Based	on	
the	selection	of	nodes	(both	parents	and	children)	textual	and	visual	information	about	the	node	is	
displayed	in	the	far	right	panel.	The	location	of	a	node	is	represented	in	a	redundant	fashion,	that	is,	
hierarchically,	visually	and	also	through	textual	labels.
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Figure 2.31: RINGS: Ringed interactive navigation graph system (http://www.cs.ucdavis.
edu/~ma/papers/graph2.pdf)

Figure 2.32: Information slices: expanding the swing/com/sun/java/swing subdirectory into 
the right-hand disc (http://www.iicm.edu/liberation/iicm_papers/ivis98.pdf)

	 RINGS	 (Figure	 2.31)	 stands	 for	 Ringed	 Interactive	 Navigation	 Graph	 System	 and	 is	 a	 tech-
nique	proposed	by	Soon	TeeTeoh	and	Kwan-Liu	Ma	(2002)	for	visualizing	large	hierarchical	data,	as	
well	as	large	graphs	if	a	spanning	tree	of	the	graph	is	provided	as	input.	The	authors	claim	that	their	
proposed visualization makes efficient use of limited display sizes by showing more distinguishable 
nodes	at	one	time,	without	any	of	the	other	visualization	methods’	shortcomings.	They	also	claim	that	
their	visualization	brings	in	more	contextual	information	without	compromising	clarity	of	the	area	
in	focus.	RINGS	also	provides	interactive	navigation	and	focus-and-context	solutions	implemented	in	
many	existing	systems.

	 Andrews	 and	 Heidegger	 (1998)	 propose	 another	 interesting	 method	 of	 visualizing	 hierar-
chies	called	Information Slices	(Figure	2.32),	using	a	series	of	semi-circular	discs	to	compactly	visu-
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alize	large	hierarchies	in	two-dimensional	space.	Each	disc	represents	multiple	levels	of	hierarchy;	
typically between five or more levels are visualized on each disc, the exact number being user config-
urable.	Deeper	hierarchies	are	represented	using	a	cascading	series	of	discs.	At	each	level	of	hierarchy,	
the	children	are	fanned	out	in	the	available	space	according	to	the	total	size	of	each	child.

	 In	an	attempt	to	address	the	relationships	between	hierarchies	as	well	as	the	relationships	
between	multiple	entities	within	a	hierarchy,	a	new	information	structure	called	 ‘Polyarchies’	was	
proposed	by	Robertson	et al.	(2002).	Polyarchy	visualization	addresses	the	poly-hierarchy	problem	
as well as more generic fundamental problems of hierarchical visualization, offering both the abil-
ity	to	scale	and	the	ability	to	focus	on	multiple	selections,	without	the	loss	of	context.	This	has	been	
termed	‘visual	pivoting’,	wherein	two	hierarchies	are	displayed	simultaneously	around	a	designated	
entity.	Intersections	of	hierarchies	share	at	least	one	node	rather	than	sharing	sub-trees.	Robertson	
et al. (2002) claim to have addressed the issues relating to scale, flexibility and responsiveness. How-
ever,	there	are	certain	drawbacks	to	this	approach,	most	importantly	that	of	added	complexity	and	
potential	confusion,	as	well	as	failure	to	address	issues	of	ordering	hierarchy	and	text	rendering.

Figure 2.33: Touchgraph visualization (http://www.touchgraph.com/TGGoogleBrowser.
html)
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Figure 2.34: Textscape (Rossi, 1999; Fig. 2)

	 Another	web	based	visualization	tool	for	ranking	similarity	is	called	Touchgraph	(Figure	2.33).	
This	tool	has	attracted	increased	attention	within	the	visualization	community	for	its	capabilities	to	
visualize	the	relationship	between	the	query	and	resulting	 item	set	as	a	graph.	 It	visually	analogs	
items	and	similar	pages.	Koshman	(2004)	claims	that	this	approach	has	the	potential	to	enhance	web	
search effectiveness based on similarity judgements. Rossi (1999) demonstrated Textscape (shown 
in Figure 2.32) as a 3-D prototype to identify similarities and differences within documents based 
on	an	extended	cityscape	design.	Textscape	is	advocated	to	facilitate	users	with	capabilities	of	visual	
data	mining	and	cues	(keyword	clustering	through	threaded	tiles),	intuitive	dataOIDs	(unique	data	
identifiers to interrogate for details), and dynamic scene changes linked to data feeds.

2.6 Role of Cognition
2.6.1 Cognition and spatial cognition
Cognition can be defined as

a comprehensive understanding built by recognition, discovery, awareness, rediscovery and 
exploratory activities carried out on visualizations. (Guilford and Merrifield, 1960; Haynes, 
1970,	p.56)

as a barrier to understanding the basic features to which these functions refer to the clarifi-
cation of the role of these underlying processes in total scheme of behaviour	(Haynes,	1970,	
p.55)

as the process that includes perception, learning, memory, thinking, reasoning, problem 
solving and communication	(Montello,	2002)

•

•

•
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	 Cognition	paves	the	way	for	the	visual	search	processes	adopted	by	the	users	in	map	read-
ing.	Card	et al. (1999, p.16) identify six different ways in which information visualization can amplify 
cognition:

by increasing the memory and processing resources available to users;
by reducing the search for information;
by using visual representations to enhance the detection of patterns;
by enabling perceptual inference operations;
by using perceptual mechanisms for monitoring;
by encoding information in a manipulable medium.

 Prior to examining the factors that affect the visualization of geographic information, it is 
important	 to	 understand	 the	 role	 of	 cognition.	 Haynes’	 (1970,	 p.58,	 Table:1)	 work	 sheds	 light	 on	
experimental studies detailed by Guilford and Merrifield (1960) to investigate the general cognitive 
ability	of	users.	The	studies	detail	that	cognition	is	viewed	as	a	complex	process	that	is	predicated	on	
the	interaction	of	an	individual’s	sensory-motor	and	neurological	systems.	

	 Spatial	Cognition	is	a	vital	element	of	general	cognition,	as	it	is	the	process	by	which	an	indi-
vidual	perceives,	stores,	recalls,	creates	and	communicates	about	geographic	spaces.	McGee	(1979,	p.	
893) relates this with spatial orientation and spatial visualization. Spatial cognition can be defined 
as

Inner space or spatial cognition, the spatial features, properties, categories and relations in 
terms of which we perceive, store and remember objects, persons, events, and on the basis 
of which we construct explicit, lexical, geometric, cartographic and artistic representations.	
(Olson	and	Bialystock,	1983	p.2)

The underlying mental process that allows an individual to develop spatial abilities.	(	Miller,	
1996)

 Numerous psychological studies have been carried out to identify factors affecting the spatial 
ability of an individual such as age, experience, gender, or individual differences (Miller, 1996; Liben, 
1981;	and	McGee,	1979).	The	literature	clearly	established	that	an	individual’s	cognition	in	general	
and	spatial	cognition	in	particular	are	governed	by	various	factors.	Hence,	the	role	of	cognition	can-
not	be	neglected,	both	in	the	design	phase	as	well	as	during	the	evaluation	phase,	in	order	to	establish	
how	users	perceive	and	respond	to	the	visual	representations	that	will	be	designed	and	tested	during	
the	course	of	our	research.

2.6.2 Spatial awareness
	 Information	seeking	is	the	ultimate	power	of	expression	of	an	individual	using	a	computer,	
looking at the world, and finding exactly the information that he/she wants. The semantic web is not 
only	about	web	pages	(documents)	and	links;	it’s	about	relationships	underlying	illustrated	concepts,	
and	their	occurrence	in	space	and	time.	It	is	not	a	mere	challenge	of	recalling	information	after	it’s	
out	on	the	internet.	Search	engines	must	help	individuals	to	handle	a	body	of	information	in	a	way	
that	is	conducive	to	action.	In	fact	“information is the relation that connects a sign with an intentional-
ity”	(Couclelis,	1997).	Software	systems	serve	as	mediums	to	cognitively	construct	information	out	
of	relationships	between	the	outputs	of	the	systems	and	the	individuals’	interest	(Couclelis,	1998,	p.	
211).

	 “Thus, in a space representing a corpus of documents (a ‘document space’), the information 
objects will be the individual documents. Information objects are described by (a) intrinsic properties 
and (b) structural relations (Rennison and Strausfeld, 1995). The intrinsic properties of a document 
would be things such as author, title, date, subject matter, keywords, other important terms, and any 
other items appearing in a full bibliographic reference. They are the metadata explicitly coded into the 
system. The structural relations, on the other hand, emerge implicitly out of the affinities existing among 
information objects through their intrinsic properties”.	Couclelis	(1998,	p.	212)

1.
2.
3.
4.
5.
�.

•

•
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	 The	review	of	search	paradigms	in	information	seeking	earlier	in	this	chapter	(Section	2.2)	
suggests	that		‘awareness’	(“Aware”	in	Table	2.3)	is	a	form	of	information	seeking	that	is	undirected	
and	passive	in	nature	(Bates,	1986).	The	potential	manifestations	of	structural	relationships	of	infor-
mation	objects	in	space	(and	time)	has	been	an	area	of	interest	in	recent	years.	This	pattern	of	seek-
ing	structural	relationships	on	information	objects	in	a	geographical	dimension,	which	is	undirected	
and	passive	in	nature	can	be	perceived	as	an	individual’s	spatial	awareness.	Spatial	awareness	can	be	
described	as:

Spatial awareness as the ability to perceive (to see or recognize space)(Poole,	et al.,	2006)

Spatial awareness is the user’s implicit knowledge of his position and orientation within the 
environment during and after travel. (Bowman	et al.,	1997	p.46)

Spatial awareness is knowing where you are in relationship to other objects in your sur-
roundings and how that relationship will change in the near future as you and other objects 
around you change positions. (Poole	et al.,	2006)

In architecture, spatial awareness refers to the feeling of open space a person gets from the 
interior or exterior of a building due to the way the architect has designed the building.

Similar	analogies	are	drawn	with	the	way	individuals	perceive	a	map	as	a	medium	of	communicat-
ing	geographic	information.

	 	The	internet	(web)	has	been	conceptualized	as	an	information	space	that	facilitates	not	only	
human	readability,	but	also	the	participation	of	machines	and	users	within	the	communication	medi-
um	(Berners-Lee,	1999).	Morville	(2005,	p.153)	states	“as we build our internet of objects, the permu-
tations of socio-semantic metadata will create new avenues of findability. Where has this object been? 
The era of ambient findability will overflow with metadata, as every object and location sprouts tags: 
social and semantic, embedded and unembedded, controlled and uncontrollable. Imagine the sensory 
overload of a walk in the park. Every path shimmers with the flow of humanity. Every person drips with 
the scent of information: experience, opinion, karma, contact. Every tree has a story: taxonomies and 
ontologies from bright lattices of logic. Desire lines flicker with unthinkable complexity in this consen-
sual hallucination of space and non-space, a dynamic and diverse and yet overwhelming socio-semantic 
experience”.

	 Drawing	 analogies	 and	 within	 the	 context	 of	 this	 research,	 spatial	 awareness	 can	 be	 de-
scribed	as	the	geospatial	information	space	(information	space	projected	onto	a	geographic	dimen-
sion)	which	a	user	perceives	to	perform	a	certain	activity	of	interest	in	relationship	to	other	objects	
in	 the	geographic	space	and	how	that	 relationship	will	 change	 in	 the	near	 future	as	 the	user	and	
other	 objects	 around	 the	 user	 change	 their	 positions.	 Interest	 is	 usually	 expressed	 in	 the	 form	 of	
natural	 language	with	concepts,	spatial	relations	and	geographic	 locations	as	 its	key	elements.	Ac-
cess	of	spatially	aware	information	can	be	achieved	based	on	the	following	criteria	illustrated	below.	
Specification of these spatial/geographic contexts frequently requires the use of a variety of spatial 
relationships	concerning	distance	or	containment	or	proximity	or	direction:

Identities of the entities
Location of entities
Spatial activities or events (an activity is an active expression of a set of actions, whereas 
an event is a passive expression of a set of actions, where a player performs or has per-
formed at a specific instance of time)
Time where the information is relevant
The usage of geospatial information space, where entities exist (spatial affordance)
Perceived attraction of a specific resource to a geospatial location

•

•

•

•

•
•
•

•
•
•
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2.7 Limitations of current research
	 In	the	previous	chapter	we	have	introduced	the	motivation	and	the	research	questions	under-
lying	this	thesis	and	discussed	the	basic	concepts	of	the	internet	and	the	world	wide	web,	explained	
search	engines	and	pointed	out	how	web	pages	have	a	geographical	scope	(provider,	content,	and	
server	location)	that	may	be	exploited	to	achieve	spatial	awareness	in	web	searches.

	 In	this	chapter,	then,	the	theoretical	background	of	this	thesis	was	introduced	and	the	perti-
nent literature reviewed. We have started out by defining ‘information’ and by discussing the process 
and	models	of	information	seeking.	Since	the	main	focus	of	this	thesis	is	on	the	visual	representation	
of	spatial	 information	retrieved	from	the	internet,	 the	main	part	of	this	chapter	has	been	devoted	
to the review of different visualization methods that might be potentially useful to for our purpose. 
Understanding	that	information	seeking	is	an	interactive	process	of	iterative	query	formulation	and	
query refinement, we have approached the discussion of visual representation methods from the 
perspective	of	interaction	techniques	that	may	be	linked	to	the	visualization	process.	Finally,	we	have	
briefly reviewed some of the basic definitions and concepts of cognition, with a focus on spatial cog-
nition	and	spatial	awareness.

	 We	are	now	in	a	position	to	identify,	in	conclusion	of	this	chapter,	limitations	of	the	current	
state	of	the	art.	We	will	distinguish	between	limitations	of	a	more	general	nature,	and	those	that	apply	
specifically to visual representation in support of information seeking. The former triggered research 
work	by	other	researchers	of	the	SPIRIT	consortium,	while	the	latter	gave	rise	to	this	researcher’s	
thesis.

2.7.1 General limitations in information seeking
	 The	following	limitations	of	recent	research	originally	provided	the	motivation	for	the	SPIRIT	
project,	in	an	attempt	to	develop	techniques	for	spatially	aware	information	retrieval	in	web	docu-
ments. Since the kick-off of this joint European project, geographic information retrieval has gener-
ated	substantial	research	interest	(Jones	and	Purves,	2006),	including	among	the	top	players	in	the	
search engine industry. Thanks to projects such as SPIRIT the state of the art has been significantly 
advanced.	However,	the	points	mentioned	below	are	still	issues	of	current	and	future	research.

Current	 search	 engines	 largely	 ignore	 the	 geographical	 scope	 of	 web	 resources	 (Jones	
and	Purves,	2006).	They	are	ill-equipped	to	intelligently	interpret	geographic	terminol-
ogy	or	geographic	prepositions	such	as	“near”,	“north	of”	or	“within	5	km”.

Moreover,	 geographic	 names,	 terms	 and	 prepositions	 are	 often	 fuzzy	 in	 nature	 and	 in-
volve a number of further difficulties such as lack of uniqueness, spatial boundary chang-
es,	name	changes,	spatial	and	naming	variations	(e.g.	modern	vs.	historial	variants	of	a	
name),	spelling	variations,	and	neologisms.

Existing	Gazetteers	are	 ill-equipped	to	 interpret	place	names	and	phrases	that	contain	
place	names	for	assigning	footprints	to	documents	that	uniquely	identify	a	location	for	a	
document.	

Text-based	geo-referencing	systems	have	to	cope	with	these	challenges	and	develop	meth-
ods	 to	 delineate	 and	 represent	 imprecise	 geometries	 and	 regions	 (vernacular	 regions;	
Purves	et al.,	2005;	Arampatzis	et al.,	2006)	as	well	as	techniques	to	deal	with	ambiguous	
semantics	(e.g.	London,	UK	vs.	London,	Ontario).

Since	search	engines	largely	ignore	the	geographical	scope	of	web	resources,	relevance	

•

•

•

•

•
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 2ranking	of	retrieved	documents	is	also	restricted	to	text-based	criteria.	However,	if	web	
searching	should	become	spatially	aware,	then	relevance	ranking	must	consider	spatial	
criteria	such	as	proximity	as	well	(van	Kreveld	et al.,	2005).

2.7.2 Specific limitations in exploratory visual representation
	 This	 thesis	 focuses	 primarily	 on	 techniques	 and	 experiments	 in	 visual	 representation	 of	
search	results	in	geographic	information	retrieval,	as	well	as	closely	associated	research	issues.	At	
the outset of this PhD project, the following limitations of the state of the art were identified:

Existing	 user	 interfaces	 for	 query	 entry	 and	 reformulation	 to	 search	 engines	 are	 typi-
cally	restricted	to	simple	 text	 interfaces	since	existing	search	engines	are	not	spatially	
aware.	Exceptions	exist,	such	as	kartoo.com	(cf.	Appendix-E),	but	these	represent	spatial-
ized	(Couclelis,	1998)	versions	of	non-spatial	information.	However,	in	our	case,	we	are	
dealing	with	geographically	referenced	information	and	hence	visualization	and	map-like	
graphical	user	interfaces	would	seem	a	lot	more	meaningful.

Existing user interfaces offer limited ability to refine, search and visualize the results, re-
flecting their lack of knowledge of the semantics of geographical terminology and the 
associated	spatial	structures.

Due	to	the	lack	of	spatial	awareness	of	typical	current	search	engines	and	the	consequent	
lack	 of	 visualization	 in	 the	 user	 interface,	 it	 is	 also	 unclear	 which	 of	 the	 visualization	
methods and interaction techniques reviewed in this chapter offers the best potential 
to be used for the graphical representation and query refinement of web searches. An-
swering	this	question	would	require	a	comprehensive	implementation	and	comparative	
empirical	evaluation	of	alternative	graphical	representation	options.	

Studies of the effectiveness of different modalities of user interfaces and result represen-
tation are lacking, both for general IR and specifically for spatially aware search engines.

Relevance	is	a	subjective	term	and	is	governed	by	user’s	perception	and	expected	inter-
ests.	As	existing,	non-spatially	aware	search	engines	have	not	dealt	with	mixed	semantic-
spatial	relevance,	no	empirical	evidence	exists	how	well	the	results	of	text-based	ranking	
and	mixed	ranking	algorithms	(van	Kreveld	et al.,	2005)	match	user	needs.

Geographical	information	retrieval	systems	could	be	used	in	spatial	activity	planning,	for	
instance,	in	tourism.	However,	that	would	require	that	the	search	engines	are	capable	of	
interpreting subjective perceptions of distance in relation to effort over time expressed by 
users,	and	capable	of	constructing	activity	spaces	based	on	the	user’s	cognitive	model.	

	 In	the	subsequent	chapters,	we	work	towards	building	on	from	the	observations	made	above	
to	construct	a	comprehensive	 framework	 for	extracting	and	representing	spatially	aware	 informa-
tion	retrieved	from	the	internet.	In	the	next	Chapter,	we	discuss	the	requirements	gathered	from	ex-
periments	to	understand	and	evaluate	existing	functions	and	tools	available	to	address	the	research	
questions	stated	in	Chapter	1.

	

•

•

•

•

•

•
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Spatially aware information seeking
(Requirements gathering)

“what we find changes who we become”

- Peter Morville, The Age of Findability, Boxes and Arrows.

Chapter 3

Exploratory Representation for Geographic Information Retrieved from the Internet �1

3.1 Introduction
	 The	course	of	this	chapter	builds	on	from	research	statement	and	the	theoretical	background	
(Chapters	1	&	2)	related	to	the	extraction	of	geographic	information	from	unstructured	textual	sourc-
es	such	as	the	internet.	The	chapter	sets	out	to	describe	two	key	ways	in	which	the	requirements	for	
the SPIRIT project were defined – through the elicitation of use case scenarios from the development 
team	and	by	the	use	of	these	scenarios	in	gathering	qualitative	and	quantitative	data	from	prospec-
tive	users	of	the	system.	Based	on	this	requirements	gathering	process,	a	set	of	requirements	are	
formulated	and	used,	together	with	theory,	to	develop	an	information	seeking	model.

	 Users	are	at	the	core	of	the	spatially	aware	information	seeking	process.	Thus,	user	centered	
design	demands	understanding	of	the	behavioural	modes	and	motivations	behind	the	acquisition	of	
spatially	aware	information	on	the	web.	Adopting	a	range	of	methodologies	from	the	information	re-
trieval	and	interaction	perspective,	user-centered	design	methods	and	behavioural	studies,		require-
ment	studies	focused	on:

extracting	usage	and	tasks	involved	in	the	spatially	aware	information	seeking	process;

qualitative	(experimental)	studies	of	a	few	chosen	search	engines	and	geoweb	services;

collection	of	cognitive	and	statistical	data	from	users	performing	spatially	aware	infor-
mation	seeking	tasks	using	qualitative	(questionnaire)	data	collection	methods;	and

analysing	how	users	interact	with	the	existing	search	engines	and	geo-web	services.
	
	 Table	3.1	illustrates	a	model	for	user-centered	information	retrieval	interaction	and	inter-
face	design	detailing	methods	and	tasks	adopted	for	early	stage	requirements	gathering.

•

•

•

•
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Table 3.1: Model for user-centered IR interaction and interface design (based on	the	model 
by Allen, 1996, p.24) (Hansen, 1997, p.8, Table 2)

Component Method Task

Resource	Analysis Description	of	information	
system	functionality

Describe	resource(s)	that	are	
used	to	complete	the	task

User	Need	Analysis 1.	Questionnaire	with	5-point	
scale	ratings	and	open-ended	
questions	(qualitative	and	
quantitative	data).
2.	Log	statistics	(quantitative	
data)

1.	Users	goals,	purpose,	objec-
tive,	actions,	individual	prefer-
ences.
2.	Logging	user	transactions.	
Measures	like	time	no	of	ac-
tions	and	type	of	actions.

Task	Analysis Hierarchical	task	analysis	
(HTA)

User’s	tasks,	goals	and	activi-
ties	that	they	accomplish	when	
meeting	their	needs.

User	modelling Merging	needs,	user	tasks	and	
goals	and	system	tasks

Designing	for	usage Requirement	lists	(qualitative	
data)

Requirements	elicitation	for	
redesign	of	the	user	interface

	 Unfurling	interest	for	sophisticated	forms	of	geographic	information	can	be	found	in	many	
different contexts, ranging from city development planning and monitoring to general travel and 
tourism	information	gathering.	The	context	of	usage	and	the	requirements,	depends	on	the	kind	of	
end	users	which	the	system	intends	to	address.	The	system	was	envisaged	to	address	the	require-
ments	of:

those who wish to find information about topics of interest or phenomenon that occurs 
in,	or	is	associated	with	a	place.	For	example,they	might	be	interested	in	services	such	as	
shops,	garages,	museums	or	sporting	facilities.	Alternatively,	they	might	be	interested	in	
documents	or	images	that	refer	to	some	aspects	of	history,	culture	or	environment	of	a	
place	of	interest.

	 In	the	early	stages	of	the	life	cycle	of	this	projects,	it	has	been	decided	to	focus	on	tourism	
domain,	which	later	on	has	been	extended	to	serve	various	interests	across	domains.	To	identify	de-
tailed	requirements	for	the	design	of	the	SPIRIT	system	a	three	pronged	approach	was	adopted:

construction	of	use-case	scenarios;
illustrations	of	these	scenarios	using	story	boards;	and
simulated	work	 tasks	based	around	these	scenarios	using	existing	search	engines	and	
geo-web	services.

3.2 Scenario development
	 In	a	user-centered	design,	scenarios	(Rosson	&	Carroll,	2002)	facilitate	a	narrative	descrip-
tion	of	user	interaction	and	experience	with	a	system.	Their	strong	narrative	nature	helps	to	obtain	
insights	to	potential	problems	with	the	planned	system	and	envision	a	comprehensive	solution	that	
can be extended to specific use cases. Furthermore, scenarios can be a powerful tool in actively en-
gaging	designers	and	the	developers	with	user-centred	design.

	 A	total	of	11	scenarios	were	generated	by	a	group	of	experts	working	in	the	Geographic	Infor-
mation	Sciences	domain.	Each	of	these	scenarios	had	an	associated	need	for	services	or	activities	and	

•
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reflected varied understanding and perspectives of the functionality of the envisaged SPIRIT system. 
In	addition,	these	scenarios	facilitated	in	providing	information	for	contextual	analysis	based	on	end	
users,	tasks	involved,	complexities	of	interactions,	context	of	usage.	A	summary	of	key	elements	of	
scenarios	extracted	is	illustrated	in	Table	3.2

Table 3.2: Summary of the scenarios generated by focus groups (Balley et al., 2002, p.8)

User Context and Task Global Requirements (Expression of Need and SPIRIT 
Requirements)

User:	Ordinary	user
Task: to find a place where to build a 
beach	volley	ground

Expression of need: expression	of	constraints	(wind,	ac-
cessibility,	price)	regarding	the	place.

SPIRIT answer:	SPIRIT	integrates	pieces	of	information	
from	varied	resources	that	can	be	in	the	SPIRIT	(ontology	
of	things	and	geographic	places	to	express	the	need)	or	
outside	SPIRIT	(routing	site,	weather	forecast,	real	estate	
broker.)	SPIRIT	integrates	the	resources,	at	least	spatially.

Context: An event (fire) happens 
somewhere.
User:	Ordinary	web	user
Task:	to	evaluate	the	population	safety	
actions

SPIRIT answer: SPIRIT	locates	a	place	and	addresses	
things	relatively	to	this	place	(communities	living	near	
it,	nearest	highway	and	communication	facilities,	nearest	
water	body)

User:	Ordinary	web	user
Task:	to	book	a	hotel	for	business	
travel

Expression of need:	expression	of	spatial	constraints	
on	the	hotel	looked	for	(close	to	railways	station,	close	
(walk)	to	a	Conference	center).
SPIRIT answer: SPIRIT	located	a	Conference	center	and	
addresses	hotels	relatively	to	expressed	spatial	con-
straints.

User:	Ordinary	web	user
Task: to prepare holidays (to find a 
city and some specific places associ-
ated	to	it)

Expression of need:	expression	of	constraints	on	the	city	
(must	have	spatial	relationships	with	other	things	like	
rivers,	bicycle	ride	facilities,	historic	villages,	monuments	
of	Bacsteingotik	style	).
SPIRIT answer:	SPIRIT	locates	things	and	evaluates	spa-
tial	relationships.

User:	Ordinary	web	user
Task: to find a place for wind surfing 
during	holidays

Expression of need: expression of constraints to find a 
place (near a specific place, supporting windsurfing activ-
ity)
SPIRIT answer:	SPIRIT	locates	things	and	evaluates	spa-
tial	relationships.

User:	ordinary	web	user
Context:	user	has	just	moved
Task: to find facilities in the new 
neighbourhood

Expression of need: designation	of	a	place	through	a	
map.
SPIRIT answer:	SPIRIT	is	able	to	address	things	(facili-
ties)	in	a	given	place	(neighbour	or	user	place)	and	to	
detail	their	location	to	the	user	on	a	map.	SPIRIT	ranks	
the	results.
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Table 3.2: Summary of the scenarios generated by focus groups (Balley et al., 2002, p.8)

User Context and Task Global Requirements (Expression of Need and SPIRIT 
Requirements)

User:	ordinary	web	user
Context:	have	just	moved	and	already	
explored	their	new	area
Task: to find a house to buy in their 
new	place	possibly	a	house	they	have	
noticed	during	exploration.

Expression of need: designation	of	place	with	many	
criteria.
SPIRIT answer:	SPIRIT	is	able	to	determine	service	sites	
selling houses in their area and more specifically the serv-
ices that sells a house located at a specific address.

User:	Ordinary	web	user	wants	to	
visit	Japan	but	not	gifted	in	geography	
of	japan.
Task:	to	choose	a	place	for	holiday

Expression of need:	expression	of	constraints	in	places	
(in	Japan,	big	city)	and	searched	relationships	between	
these	places	(intercommunications).
SPIRIT answer:	SPIRIT	interprets	the	constraints	and	
locate	places	and	test	their	relationships.	SPIRIT	provides	
two	parallel	search	methods	(SPIRIT	and	GOOGLE)

User:	ordinary	web	user	(hobby:	
archaeology)
context:	goes	to	a	conference	abroad
Task:	to	plan	holidays	after	the	con-
ference (to find places supporting 
specific activities)

Expression of need: designation	of	a	zone	of	interest.
SPIRIT answer:	SPIRIT	gives	the	possibility	to	express	
vague	queries	and	to	browse	all	types	of	answers	associ-
ated	to	it.

User:	biologist
Context:	visit	friends	in	Australia
Task: to find a zoo to visit during this 
visit

Expression of need: definition of a zone of interest 
where	to	look	for	things.
SPIRIT answer:	SPIRIT	addresses	things	inside	a	zone,	
locates	them	on	a	map.

User:	ordinary	web	user	(hobby:	
bicycle)
Task:	to	learn	things	about	varied	
topics

Expression of need:	the	user	might	change	information	
retrieval	strategy	during	the	query	process	(if	he	thinks	of	
something new he wants to learn). the user may define a 
zone	on	a	map.
SPIRIT answer: SPIRIT	displays	browsable	semantic	nets	
associated	to	the	user	query	terms.	SPIRIT	proposes	a	
synthesis	of	varied	information	associated	with	a	place

	 An	extended	usage	example	of	the	envisioned	SPIRIT	system	that	demonstrates	one	of	the	
scenarios	 developed	 is	 illustrated	 below.	 It	 consists	 of	 three	 elements,	 a	 narrative,	 describing	 the	
perceived	background	of	a	pair	of	hypothetical	users	and	the	way	they	might	interact	with	the	SPIRIT	
system,	a	set	of	assumptions	regarding	the	SPIRIT	system	and	its	abilities	and	some	open	questions	
with	respect	to	the	envisaged	design.
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Example Scenario (Source: SPIRIT deliverable D3 7101)
Narrative Assumptions Open issues/ Questions
Juliette	and	Marc-Antoine	are	a	
happy	young	couple	from	Paris,	
and	fond	bicyclists.	Both	are	high	
school	teachers,	and	since	they	
believe	in	the	use	of	ICT	in	teach-
ing,	they	have	a	computer	with	
ASDL	connection	at	home	which	
they	regularly	use	to	retrieve	in-
formation	from	the	web	that	they	
can	use	in	their	teaching.

Users	are	computer	and	internet	
literate.	They	are	typically	people	
with	a	solid	education	and	a	keen	
interest	in	other	places,	sports	
and	culture.	Though	not	them-
selves	IT	specialists,	they	see	IT	
as	an	opportunity	and	use	broad-
band	internet	connections.

Is	bandwidth	an	issue?
Are	mobile	devices	al-
lowed?

They	like	to	spend	their	vaca-
tions	doing	bicycle	trips.	As	a	
rule,	they	are	visiting	the	home	
countries	of	former	Tour	de	
France	winners.
They	have	already	been	to	Texas,	
the	home	of	Lance	Armstrong.	
So,	this	year,	it’s	1997	winner	Jan	
Ullrich’s	Germany.	They	search	
Google	for	‘Jan	Ullrich’,	and,	sure	
enough, they find his homepage 
www.janullrich.de.	Jan	Ullrich	
even	lists	his	place	of	residence	
on	his	homepage:	a	village	called	
Merdingen	in	the	Black	Forest.

SPIRIT	must	be	more	than	Goog-
le	as	far	as	geographic	search	is	
concerned.

Juliette’s	aunt	is	married	to	a	
German	and	Juliette	remembers	
eating	Black	Forest	Cake	when	
she	was	visiting	her	aunt	as	a	
child.	She	didn’t	know,	however,	
that	this	was	also	a	place	name,	
which	the	information	given	
on	Jan	Ullrich’s	homepage	does	
seem	to	suggest.	Juliette	would	
like	to	know	more	about	that	
region,	where	it	is	and	how	large	
it	is.	She	tries	her	favourite	map	
services,	www.mapquest.com	
and	www.map24.com.

SPIRIT	must	be	more	than	con-
ventional	map	services	as	far	as	
geographic	search	is	concerned.

How	do	we	deal	with	cross-
language	issues	in	ontolo-
gies	and	gazetteers?
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Example Scenario (Source: SPIRIT deliverable D3 7101)
Narrative Assumptions Open issues/ Questions
However,	both	of	them	don’t	
provide	this	kind	of	information;	
they	require	an	address	query.	
A	Google	search	for	‘merdin-
gen’	brings	her	to	the	www.
merdingen.de,	the	homepage	
of	the	town	of	Merdingen	(not	
maps,	but	pictures	of	Jan	Ul-
lrich	at	some	local	fun	race…).	
Again	through	Google,	looking	
for ‘black forest’ she finds www.
schwarzwald	-tourist-info.de,	
a	portal	with	informations	for	
tourists	but	no	maps.

Language	is	an	issue	also	(and	
perhaps	particularly)	for	geo-
graphic	names.

How	do	we	ensure	that	
the	SPIRIT	service	is	easily	
found	by	those	not	know-
ing	it?

(Did	Juliette	speak	German,	
she	would	have	searched	for	
‘schwarzwald’	and	would	have	
found	www.schwarzwald.de,	a	
German	language	portal	for	tour-
ism	services,	but	with	a	nice	little	
map	of	the	Black	Forest	region;	
see	below.)

It must be possible to find SPIRIT 
through	other	search	engines.

SPIRIT	should	provide	links	to	
information	related	to	geograph-
ic	regions	and	places,	as	well	as	
footprint	maps	and	pictures	of	
geographic	entities.

Are	these	links	provided	by	
(tbd)	industrial	partners,	
and	might	some	of	them	
even	charge	a	premium?

Do	our	ontologies	provide	
abstraction	hierarchies?

Hence,	Juliette	asks	Google	for	
‘geographic	location	search’	and	
finds a service called SPIRIT. Us-
ing	the	‘region	footprint’	feature	
of	SPIRIT,	the	delineation	of	the	
Black	Forest	is	found.	Juliette	
and	Marc-Antoine	can	now	see	
that	the	Black	Forest	is	called	
‘Schwarzwald’	in	German,	that	
it	is	a	geographic	region	in	the	
South	of	Germany,	in	the	State	
of	Baden-Württemberg,	and	that	
it	is	not	an	administrative	unit	
(but	made	up	of	several	admin-
istrative	districts,	called	Kreise).	
SPIRIT	also	provides	loads	of	
links	to	other	information	about	
the	region,	along	with	pictures	
which allow them to get a first 
impression	of	the	area.	It	does	
indeed	look	pleasant	there,	with	
some	exciting	topography	for	
bicyclists. Now, they are defi-
nitely	convinced	that	this	should	
indeed	become	a	worthwhile	trip.

Semantic	net	display	of	related	
terms	for	geographic	entities.

SPIRIT	handles	visualizations	
of	variable	granularity	in	the	
spatial/geographical	as	well	as	
semantic	sense.

SPIRIT must definitely be better 
than	text-based	search	engines,	
by	enabling	to	make	spatial	infer-
ences.

SPIRIT	allows	to	make	spatial	
queries	that	involve	topological	
as	well	as	(geo)metric	relations.

What	are	the	things	that	
SPIRIT does different and 
better	than	Google	&	Co.?	
We	need	to	clearly	spec	
this	out.
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Example Scenario (Source: SPIRIT deliverable D3 7101)
Narrative Assumptions Open issues/ Questions
And	SPIRIT	does	more	than	just	
produce	maps	of	an	area.	Be-
cause	it	is	driven	by	a	spatial	
ontology,	it	can	display	a	seman-
tic	net	of	geographic	entities	that	
are	semantically	(and	spatially)	
related	to	‘Black	Forest’.
Both	the	geographic	map	visuali-
zation	as	well	as	the	semantic	net	
visualization	can	be	navigated	
horizontally	(on	the	same	level	
of	granularity	or	scale)	as	well	as	
vertically (coarser / finer levels 
of	granularity).

SPIRIT	should	allow	to	make	
inferences	about	spatial	rela-
tions	as	well	as	visualize	them,	
so	the	user	can	gain	a	better	
understanding	of	the	portion	of	
geographic	space	that	he/she	is	
interested	in.

How	extensive	should	the	
mapping	cababilities	be?	
Can	we	not	make	use	of	
existing	mapping	serv-
ices	through	APIs,	like	we	
intend	to	do	for	the	search	
engine	functions	through	
the	Google	API	?

Juliette	and	Marc-Antoine	are	
now definitely thrilled by the 
capabilities	of	SPIRIT.	They	start	
looking	for	route	information	
on	bicycle	routes.	Initially,	they	
had	intended	to	do	this	through	
Google,	but	since	they	are	con-
vinced	by	the	apparent	features	
of	SPIRIT	for	geographic	search,	
they	decide	to	stick	to	it	and	try	
there.	And	SPIRIT	doesn’t	let	
them	down.

Again,	is	it	safe	to	assume	
that	we	link	up	to	serv-
ices	such	as	map24.com	
through	their	API	(see	
question	above)?	–	If	this	
was	our	aim,	we	would	
have	to	come	into	an	agree-
ment	with	the	service	
provider	of	map24,	a	com-
pany	called	Netsolut	(www.
netsolut.com).

The	town	of	Merdingen	is	already	
a	given	on	their	trip;	so,	they	
decide to first ask for routes con-
necting	to	this	place.	This	seems	
to	be	a	small	place,	as	it	is	only	
connected	by	small	county	roads	
(K4929,	K4930,	K4979).	(All	the	
better:	You	don’t	cycle	on	motor-
ways if you can avoid it.) To find 
out	more	about	the	surround-
ings,	Juliette	and	Marc-Antoine	
ask	SPIRIT	for	‘populated	places	
>	5,000	inhabitants	up	to	50	km	
from	Merdingen’.	They	enter	this	
query	through	a	query	interface	
that	allows	them	to	compose	
spatial	queries	in	an	intuitive	
way	(menu-driven,	but	not	via	
natural	language).	As	a	result,	
they find Freiburg (im Breisgau) 
and	Breisach,	along	with	a	few	
other	smaller	cities.

It would be beneficial if we tried 
to	team	up	with	a	mapping	serv-
ice.	Map24	(driven	by	technology	
developed	by	www.netsolut.com)	
provides	probably	the	best	map-
ping	service	(in	terms	of	cartog-
raphy)	as	well	as	APIs	and	hence	
might	be	a	natural	partner.	Just	
like	Google	for	the	search	engine	
part.
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Example Scenario (Source: SPIRIT deliverable D3 7101)
Narrative Assumptions Open issues/ Questions
	Using	the	maps	of	SPIRIT	and	
the	built-in	zooming/panning	
capabilities,	they	soon	are	able	to	
gain	a	picture	of	the	region:	
Merdingen	is	not	really	located	
in	the	hilly	and	mountainous	
part	of	the	Black	Forest;	it	is	
located	at	the	edge	of	the	Up-
per	Rhine	Valley	plain.	The	city	
of	Freiburg	lies	some	8	km	to	
the	east,	at	the	foothills	of	the	
Black	Forest	(which	extends	
further	to	the	east).	With	this	
enhanced	understanding	of	the	
area,	it	becomes	easy	for	Juliette	
and	Marc-Antoine	to	decide	how	
they	should	plan	their	trip.	They	
decide	to	spend	a	couple	of	days	
in	Freiburg	(which	seems	to	be	
a	pretty	city,	guessing	from	the	
pictures provides on the official 
city	tourism	website),		make	
a	‘detour’	to	visit	Merdingen	as	
well	as	a	few	day	trips	to	the	
hills	of	the	Black	Forest.			After	
that,	they	plan	to	spend	another	
few	days	in	the	higher	parts	of	
the	Black	Forest,	in	Titisee	(Lake	
Titi),	and	perhaps	even	take	
short	trips	to	Switzerland	(e.g.	
to	a	fabulous	town	called	Hallau,	
east of Schaffhausen).
For	detailed	planning	of	the	trip,	
they find that SPIRIT is not really 
the	best	place	to	look	for	such	in-
formation.	It	is	not	really	geared	
towards	locator	and	route	maps.	
However,	in	tandem	with	www.
map24.com,	route	planning	be-
comes	easy,	with	map24	deliver-
ing	the	detailed	route	maps	(with	
excellent	zooming	facilities)	and	
SPIRIT	taking	care	of	the	spatial	
and	semantic	linkages.
Perhaps	if	Jan	Ullrich	had	SPIRIT,	
he	could	win	the	Tour	de	France	
again?	
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Example Scenario (Source: SPIRIT deliverable D3 7101)
Narrative Assumptions Open issues/ Questions
Is it possible already today (without SPIRIT) to find out about the whereabouts of the Black 
Forest?
Yes.	 it	 is.	However,	 it	 is	really	painful	and	you	might	get	a	completely	wrong	 idea,	depending	on	
which website(s) you end up on. It is also close to impossible to find a delineation (footprint) of the 
region. Most often, what you find is road maps that somewhere have the name ‘Black Forest’	or	
‘Schwarzwald’	written	on	it	–	amidst	zillions	of	city	names,	road	numbers	etc.	Given	that	the	Black	
Forest	is	a	rather	important	tourist	region,	it	is	quite	surprising	that	it	would	be	so	hard	to	get	good	
visualizations	today.	Apparently,	most	providers	are	mainly	interested	in	providing	links	to	tourist	
sites,	which	themselves	mainly	push	hotel	reservation	services,	city	tours,	etc.
Also of note: The	Black	Forest	seems	to	be	a	nice	example	of	competing	portal	providers	(frequent	
in the tourism domain) that use similar names and offer services and content of very variable qual-
ity – and of course never link up to their competitors (who may actually be different administra-
tive units, such as different cities, counties, provinces, etc.). Some examples: www.schwarzwald.de, 
www.schwarzwald.com,	www.schwarzwald.net,	www.schwarzwald-tourism-info.de	etc.	

Figure 3.1: Example Scenario obtained in terms of region delinations of the Black Forest 
(Source: SPIRIT deliverable D3 7101)

3.2.1 Scenario analysis
	 Analyzing	the	fourteen	scenarios	generated	revealed	that	the	key	elements	of	an	expressed	
need	are	frequently	an	aggregation	of	several	simpler	needs.	From	a	holistic	perspective	of	this	need,	
two	situations	may	occur:

the	need	is	too	complex	to	be	expressed	in	a	single	query;	or	
users	need	intermediate/supportive	information	to	express	their	needs.

•
•
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	 In	either	of	these	cases,	the	process	is	of	an	iterative	nature,	enabling	users	and	systems	to	
progressively	understand	each	other	by,	 for	example,	disambiguating	user’s	search	terms	and	vali-
dating	systems	responses,	to	build	“common ground”.	Based	on	these	characteristics,	a	user’s	state	
can	be	expressed	as	“definitive”	or	“inquisitive”	in	nature	(referring	to	Chapter	2,	information	seek-
ing behaviours). Through contextual analysis of the scenarios two key components are identified 
in	the	queries	generated:	a	“where”	and	a	“what”	together	with	a	spatial	relationship	between	the	
geographical	element	(where)	and	the	non-geographical	objects	(what).	In	some	cases,	there	may	be	
more	than	one	such	relation	for	example,	“hotels in Munich close to the main station”,	where	there	are	
2	geographical	entities	(Munich	and	the	main	station)	and	the	non-geographical	objects	are	related	
to	the	locations	by	“in”	and	“close to”. Specific geographic locations and regions are among the key 
elements	expressed	by	individuals.	Table	3.3	presents	contextual	analysis	of	the	scenarios	generated	
by	the	focus	group	detailing	the	geographic	and	non-geographic	components	as	well	as	the	relations	
used	to	express	them	in	their	information	request.

Table 3.3: Key elements of scenarios (Balley et al., 2002, p.14)

Scenario Service Location Relation Other

1. Accommodation,	
Hotels

Paris,	cities	near	
by

In,	Near,	No	more	
than	15	miles	
away

2. Airport,	cinemas,	
school,	museums

North-East,	
Cardiff, Somer-
set,	Ile	de	France,	
Ruhrgebeit

Near	by,	in,	in	
the	near	by	
area,	within	10	
miles/30	minutes	
drive

3. Hotels West	of	London West	of
4. Parks,	Zoo South	Australia,	

Sydney	Mel-
bourne

Between,	near Active	maps,	free	typing

5. Cities Garonne	South,	
France

In	(graphically	
expressed)

6. Hotels Munich,	Main	
station

In,	Close	to,	Short	
walk

Distance	with	respect	to	2	
points

7. Accommodation,
Bicycle

River,	bicycle	
paths

Along Distance	calculation

8. Generic	services,	
geo-info

Upper	Petaca,	
New	Mexico

Surrounds,	close Structured	interface

9. Hotels,	Windsurf	
renting

Mediterranean	
coast	of	France,	
Nice

In,	within	20	min	
drive

The	coast,	free	typing

10. Big	cities,	hotels,	
museums,	trans-
port

Japan In Structured	interface

11. Parks,	Archaeo-
logical	sites

Rome	 Neighbourhood

12. Accommodations,	
mountaineering,	
weather	forecast

Switzerland,	les	
diablerets	(moun-
tain)

Mixed	Languages
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Table 3.3: Key elements of scenarios (Balley et al., 2002, p.14)

Scenario Service Location Relation Other

13. General	
Info,Bicycle	
routes

Black	forest,	Mer-
dingen

Up	to	50	Km Mixed	Languages,	Struc-
tured	Interaction

14. House	nursery University	cam-
pus,	hospital

Distance	from Distance	respect	to	2	
points

 Similar findings have been cited in the literature by Couclelis (1998, p.214) who states that 
“place, way, region are among the most fundamental geographic concepts. They are deeply meaning-
ful to people, full of connotations derived from their multiple practical and symbolic roles in everyday 
life”.		In	addition,	to	these	key	elements	“distribution, spatial interaction, scale and change are other 
prominent elements recognised by the geographers (National Research Council, 1997)”.	Furthermore,	
a	typology	has	been	presented	(Table	3.4)	based	on	“Mathematical, Socio-economic, Behavioural and 
Experiential space where an increasingly complex conceptualization of space is used in human geogra-
phy... Experiential Space is defined to be the most intuitive and least theorized in the sequence, and some 
of its underlying concepts are chosen”	which	is	concerned	with	the	perceptions	and	experiences	users	
carry	and	their	understanding	of	relations	in	space.		Table	3.4	details	about	conceptual	correspond-
ences	that	exist	in	individual’s	minds	which	aid	to	draw	meaningful	associations,	but	in	reality	spatial	
relations	do	not	exist	in	the	world	in	any	meaningful	sense.	These	conceptual	correspondences	tend	
to differ when users/individuals interact with them.  Couclelis (1998) (ref. Table 3.4) details how 
conceptual	correspondences	of	individuals	based	on	experience,	perception	of	phenomena	and	rela-
tions	in	space	can	be	transformed	onto	a	mathematical	space	in	order	to	represent	in	mathematical	
space	and	digital	computers.

Table 3.4: Conceptual correspondences between mathematical space and experiential 
space (Couclelis, 1998, Table 2, p.215)

Mathematical Space Experiential Space

Point Place
Line/Boundary Way/limit/Boundary
Area/Polygon Region/territory
Plane/field Domain/Expanse/Continuum
Object (other)	Geographic	Entity

	 These	 elements	 of	 information	 landscape	 and	 association	 functions	 shown	 in	 Table	 3.5	 il-
lustrate	individual’s	spatial	awareness	needs.	The	use-case	scenarios	described	by	the	focus	group	
have	illustrated	typical	contextual	usage	of	the	envisioned	SPIRIT	system.		Much	may	be	hoped	from	
an	initial	review	of	capabilities	of	various	search	engines	and	geo-web	services	that	could	meet	the	
requirements	envisioned	by	the	scenarios	illustrated	by	the	focus	group	(see	Table	3.2).

Table 3.5: Elements of the information landscape and associated informational functions. 
(Couclelis, 1998)

Query and retrieval op-
erations

Higher level functions

Place:	input,	store,	retrieve,	
save, find, in, sort, classify, 
delete	and	replace

contain,	enclose,	include,	exclude,	gather,	separate,	remove	sub-
stitute, relate, associate, fit in, belong to, be part of, be similar to, 
keep	together,	keep	whole,	preserve,	pull-out	of,	destroy,	break	up.
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Table 3.5: Elements of the information landscape and associated informational functions. 
(Couclelis, 1998)

Query and retrieval op-
erations

Higher level functions

Way	Barrier:	Locate,	search,	
find, start from, end at, se-
quence,	rank,	sort,	order.

link, connect, associate, interact, influence, disconnect, separate, 
reach, lead to, flow, come from, go leave, traverse, cross, return, 
meet	before,	meet	after,	end,	stop.

Region:(Same	as	Place) {Same	as	place,	plus:}
be	prominent,	be	most	important,	be	at	the	center,	dominate,	be	
peripheral,	depend	on,	surround,	embed,	converge,	diverge,	extent,	
spread,	cover,	distribute,	support,	be	on,	be	on	top,	link,	connect,	
associate, interact, influence, disconnect, separate.

3.3 Storyboards and simulated work tasks
 The scenarios developed and described above provided a first set of tools to consider the 
requirements	which	the	proposed	SPIRIT	system	must	meet.	However,	they	were	generated	by	mem-
bers of the SPIRIT team, and reflected their preconceptions as to the likely direction of the system 
development.	 In	 a	 second	 stage	 of	 requirements	 capture,	 story	 boards	 and	 simulated	 work	 tasks	
were	prepared	using	existing	web-based	tools,	to	explore	in	more	depth	the	likely	interactions	of	us-
ers	with	the	planned	SPIRIT	system,	and	to	identify	which	needs	could	or	could	not	be	met	by	existing	
solutions.

3.3.1 Storyboards
	 Story	board	interfaces	are	used	illustrate	possible	uses	of	a	system	in	a	sequential	way.	They	
are	intended	to	illustrate	the	desired	functionality	to	be	provided	in	a	system	and	are	particularly	
useful	in	the	conceptualization	of	a	process,	Thus	helping	designers	to	better	communicate	the	per-
ceived	reality	of	the	system	with	potential	users.

	 A	set	of	simple	interactive	mock-ups	were	created	using	MS	PowerPoint	presentations,	which	
presented	a	limited	set	of	possible	interactions	such	as	selection,	drawing	a	window	on	a	map	and	re-
sponses	to	basic	queries.	(refer	to	Annexure	DVD/CD	accompanied	with	this	thesis-	Folder	on	mock-
ups	and	storyboard	containing	storyboards	created	in	MSPowerPoint).

3.3.2 Simulated work tasks
	 Simulated	work	tasks	are	used	to	present	a	model	of	a	realistic	system	to	the	subjects	involved	
in	the	study	with	short	descriptions	of	a	situation	“ that may lead to the information retrieval seeking 
tasks”	(Borlund,	2000,	p.80).	These	simulated	work	tasks	are	used	to	explore	user	requirements	in	
a	controlled	situation.	Borlund	(2000,	p.140.)	suggests	that	it	is	possible	to	“substitute real informa-
tion needs with simulated needs through the application of simulated work task situations”	(Borlund,	
2000,	p.140)	and	thus	to	draw	meaningful	conclusions	about	a	planned	system.	Several	stimulated	
work task situations that reflected possible interactions between users and the systems and that of 
the	graphical	components	were	delivered	in	a	so-called	“Wizard of Oz”	experiment	–	that	is	to	say	a	
set of storyboards with differing results were prepared, where according to the user’s interaction an 
appropriate	result	was	presented.

	 The	simulated	work	tasks	were	repeated	with,	but	in	a	web	environment	using	existing	search	
engines	 by	 selecting	 three	 use-case	 scenarios	 generated	 during	 the	 requirements	 gathered	 in	 the	
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early	stage	experiments.

Figure 3.2: Dimension of need of SPIRIT user (Balley, 2002 p.11 Fig 1)

	 These	carefully	chosen	scenarios	(Table	3.6)	can	help	us	identify	gaps	in	the	current	search	
engines	and	geo-web	services	available	at	the	time	of	the	study.	The	selected	search	engines	and	geo-
web	interfaces	were:	Google(www.google.com), Kartoo(www.kartoo.com), Multimap(www.multimap.
com), Map24(www.map24.com), Mapquest(www.mapquest.co.uk), Upmystreet(www.upmysteet.com).	
These	search	engines	and	geo-web	services	were	chosen	because	of	their	popularity,	ease	of	use	and	
functionality. Kartoo was specifically chosen because it provides a cartographic approach to the rep-
resentation	of	the	results	instead	of	simply	listing	them	in	a	traditional	manner.

Table 3.6: Chosen use-case scenarios for the assessment of early stage requirements of 
existing search engines and geowebservices (Balley et al., 2002)

Sce-
narios

Description

1. You	are	planning	your	two	week	vacation	to	Black	Forest	(Schwarzwald)	in	Germany.	You	
would	like	to	go	cycling.	You	have	to	identify	the	best	route	cycling	around.	You	would	
also	include	visits	to	small	cities	as	well	as	big	cities	in	your	travel	plan.

2. You	are	planning	to	spend	a	vacation	on	the	Mediterranean	coast	of	France	and	wish	to	
stay	in	a	reasonably	large	city	with	good	restaurants,	commercial	shopping	centers.	You	
would	prefer	accommodation	in	a	city	on	the	coast	since	you	wish	to	practice	windsurf-
ing in a near by place. You wish to hire the equipment for windsurfing thus you need a 
fully	equipped	beach	service

3. You	are	planning	a	trip	to	the	Swiss	alps	with	your	family.	You	have	heard	from	a	friend	
that	there	is	some	nice	mountaineering	near	a	place	called	Agile.	and	also	some	pleas-
ant	walks	that	you	could	do	with	your	children	(who	are	aged	7	and	9	respectively).	You	
wish	to	book	a	chalet	to	stay	in	with	your	family	and	also	get	information	about	moun-
taineering	routes,	rock	climbing	and	hiking	in	the	area.	You	have	heard	of	one	mountain	
called	Les	Diablerets	with	nice	landscapes

3.3.3 Environment and subjects
	 “Wizard	of	Oz”	 	Powerpoint	storyboards	were	created	based	on	the	preconceptions	of	 the	
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SPIRIT development team reflecting the use case scenarios, using existing web-based tools such as 
google,	which	provided	the	results	for	these	use	case	scenarios	and	map	based	representations	have	
been	obtained	from	Map24	(www.map24.ch)	and	some	other	sources	based	on	the	availability	of	a	
specific map that addresses the needs of the scenario. The Wizard of Oz storyboards were developed 
after	a	series	of	iterations	by	actually	carrying	out	the	tasks	of	the	use	case	scenario	with	existing	
systems	such	as	google	and	map24.	Based	on	our	understanding	of	the	interactions	and	the	system	
responses,	the	Wizard	of	Oz		storyboard	were	developed.	The	Wizard	of	Oz	experiments	were	devel-
oped	jointly	by	Zurich	Team	&	IGN	(France).		The	Wizard	of	Oz	experiments	were	roughly	scheduled	
to	last	for	one	hour	with	each	user	carrying	out	2	scenarios.	

	 The	focus	groups	for	these	experiments	were	drawn	from	domain	experts	working	in	GIS/
geography	or	in	domains	requiring	regular	use	of	geographic	data.	Representative	users	for	various	
domains were also pooled into evaluate story boards and simulated work tasks from different nation-
alities.	Table	3.7	illustrates	the	representative	users	from	various	domains	recruited	to	participate	in	
the	Wizard	of	Oz	experimental	studies	with	considerable	geographic	domain	experience.

Table 3.7: Representative users from various domains recruited for Wizard of Oz studies 
(Bucher et al., 2004 p.12 Table 2)

Domain SPIRIT	site
Real	estate Sheffield(U.K), Cardiff(U.K)
Travel IGN, Paris(France), Sheffield(U.K), 

Hannover(Germany)
Event	Organizers Zurich(Switzerland)
Others	(e.g.	employment	agencies) Cardiff(U.K.)

 With the web as delivery platform, personal computers with pentium IV configuration (Win-
dows	O.S)	and	 Java	plug-in	enabled	browsers	(IE	&	Mozilla)	have	been	used	to	perform	the	simu-
lated	work	tasks	using	existing	search	engines	and	geo-web	services.	The	experiments	were	roughly	
scheduled	to	last	for	one	hour,	acquiring	user’s	background,	self	learning	process	of	some	selected	
geo-search	engine	and	later	on	to	carry	out	the	simulated	work	task	scenarios	illustrated	in	Table	
3.6.	In	total	14	participants	carried	out	these	experiments	using	existing	search	engines	and	geo-web	
services.	 	All	 the	participants	were	doctoral,	post	doctoral	or	graduate	students	of	Department	of	
Geography,	University	of	Zurich;	Thus	having	considerable	geographic	domain	experience.		The	sub-
sequent	sections	detail	the	insights	drawn	from	these	experimental	studies.	
	

3.3.4 Analysis methods
	 For	 these	 early	 stage	 experimental	 studies,	 a	 combination	 of	 data	 analysis	 methods	 were	
adopted (Table 3.8). Individual records for each user were created reflecting the envisioned SPIRIT 
system, various tasks involved to achieve the user’s intermediate as well as final goals and potential 
difficulties in accessing information from varied sources.
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Table 3.8: Types of data collected, data collection methods and analysis methods.

Data	collection	methods Types	of	data	collected Data	analysis	method
Evaluation	questionnaires	be-
fore	and	after	spatially	aware	
information	seeking	tasks

1.Qualitative	data:	5-point	lik-
ert	scale	for	questionnaire
2.	Qualitative	data:	Written	
(Open-ended)	data	to	the	5-
point	Likert	scale
3.	Interview:	discussing	key	
features	and	functionalities.

1.Quantitative	data	analysis.
2.	Qualitative	analysis	of	writ-
ten	data
3.	Comparison	of	statistical	
data
4.	Task	Analysis	of	qualitative	
data

3.3.5 Findings

Functional analysis of interface modalities

 Before reporting on the user studies, a brief description of the differences between various 
search and geo-web services is given. This analysis reveals the different ways in which it was both 
possible	to	formulate,	reformulate	and	retrieve	query	results	with	existing	systems.

 Among the many geo-web services selected, each exhibited a different functional mapping 
interface.	The	interface	is	the	medium	that	presents	a	functional	overview	of	the	underlying	system	
and	the	success	and	failure	of	user-centered	systems	is	often	primarily	based	on	the	user	interface	
design.	Figures	3.3-3.7	illustrate	various	interfaces	adopted	by	geo-web	services	as	starting	points	
and	for	result	presentations.	It	is	to	be	noted	that	a	few	tend	to	opt	for	simple	structured	query	inter-
faces	along	with	a	graphical	interface	(“map”).	This	is	however	governed	by	the	service	it	tends	to	of-
fer.	Route	planning	services	provides	a	standard	structured	query	interface	with	start	and	end	points,	
where as for identification of a specific address, structured query input is supported with maps aid 
exploration.

Figure 3.3a: A snap shot of the Starting Point , results presentations of 
geo-web service: SomewhereNear (http://www.somewherenear.com) 
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Figure 3.3b: A snap shot of the Starting Point , results presentations of 
geo-web service: SomewhereNear (http://www.somewherenear.com) 

The	criterion	of	selection	of	geo-web	services	and	search	engines	was	based	on	popularity	and	func-
tionality	and	their	characteristics	illustrated	in	Table	3.9.	Unfortunately,	at	the	time	of	this	study	im-
portant	spatial	search	engines	such	as	Google Local	and	Mirago	were	not	available	or	only	at	an	ex-
perimental	stage.		In	late	2005	the	launch	of	map	based	search	services	was	limited	to	the	datasets	
collected	from	yellow	pages.	Google,	Yahoo	and	MSN	adopt	a	semi-structured	graphical	interface	for	
their	map	based	services	(See	Appendix-	E)

Table 3.9: Geoweb services feature comparison

Feature Somewhere-
near

Maponus Mapquest Multimap Map24

Starting	Point	
(Structured)

Concept	+	
Place	Name

Place	Name	+	
Address+	City+	
State	+	Zip	
Code,	Direc-
tional	input

Address	Input	
+	Route	Input

Map	+Struc-
tured

Concept	+	
Place	Name	+	
Less	Interac-
tive	Map

Street+	Town+	
Postal	Code	
+	Interactive	
Map

Geographic	
preposition

No No No No No

Exploration(In
teracitivty

Map	based	
(little)	+	Zoom	
level(3)

Text	listing	
(Map	on	selec-
tion	-	little)	
+	zoom	level	
(12)

Text	+	Map	
(little)

Map	(me-
dium)	+	zoom	
(12)

Map	(high)	+	
Route	+	3D	
perspective+	
Rocket	Zoom
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Table 3.9: Geoweb services feature comparison

Feature Somewhere-
near

Maponus Mapquest Multimap Map24

Presentation Textual	Listing	
+	Distance	
from	referred	
location

Text	listing	or	
on	map	selec-
tion

Textual	listing	
+	Map	(Little)

Textual	listing	
+	Map	+	Near	
by	(distance	
from	referred	
location)

Textual	Listing	
+	Map	+	Points	
of	Interest.

Figure 3.4: A snap shot of the Starting 
Point, results presentations of geo-web 
service: Maponus (http://www.maponus.
com)(clockwise)

	 Appendix-E	illustrates	a	few	selected	simple	text	based	interfaces	of	Google,	Kartoo,	Grokker	
and	Webbrain	all	of	which	are	similar,	whereas	their	approaches	to	presenting	results	vary	consider-
ably	with	Google	adopting	a	simple	textual	listing	of	the	results	based	on	pagerank,	while	grokker	
presents features such as interactive filtering based on recency and classification based on keywords 
in	addition	to	textual	listing.
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Figure 3.5: A snapshot of the Starting Point 
and result presentation of geo-web service: 
Mapquest (http://www.mapquest.com) 
(clockwise)

	 Kartoo	provides	a	rather	more	interactive	approach	presenting	the	results	as	a	spatialisation,	
while	Webbrain	adopts	theTouchgraph	visualization	technique	for	interactively	navigating	through	
the	hierarchy.	Table	3.10	illustrates	a	detailed	comparison	of	result	presentations	of	these	selected	
search	engines.
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Figure 3.6: A snap shot of Starting point and result presentation of geo-web service: Multi-
map (http://www.multimap.com)

Figure 3.7: A snap shot of Starting point and result presentation of geo-web service: Map24 
(http://www.map24.com)

Table 3.10: Comparison of results presentation of selected search engines.

Graphical Visu-
alization

Grokker Kartoo The Brain
(TouchGraph)

Google

Hierarchical	clus-
tering

Yes Yes

Clustering	visuali-
zation

Yes Yes Yes -

Map	based	visu-
alization

No Yes No No

Graphical	interac-
tion

Yes Yes Yes No



Exploratory Representation for Geographic Information Retrieved from the Internet100

C
ha

pt
er

 3 3. Spatially aware information seeking (Requirements Gathering)

Table 3.10: Comparison of results presentation of selected search engines.

Graphical Visu-
alization

Grokker Kartoo The Brain
(TouchGraph)

Google

Visualization	
manipulation

Yes Yes Yes -

Interaction and visualization

Highlighting Yes Yes Yes No
Coloured	query	
result

No Yes No No

Filtering	results	
presentation

Yes Yes Yes no

Cooccuring	terms	
interaction/	visu-
alization

Yes Yes Yes Yes

Textual	listing Yes Yes Yes Yes
Classification Yes Yes No

User characteristics and basic background knowledge

	 6	of	14	subjects	considered	themselves	as	experts	with	respect	to	their	knowledge	of	com-
puters	 in	 their	daily	 life	 (Table	3.11).	7	of	 the	14	users	search	 for	 information	 for	work	purposes	
as	shown	in	Table	3.12.		11	of	the	14	subject	have	widely	used	English	as	the	preferred	language	of	
choice,	while	a	few	state	that	they	often	prefer	to	search	in	a	language	other	than	their	native	lan-
guage	as	illustrated	in	Table	3.	13.

Table 3.11: User’s expertise and knowledge with respect to usage of computers [Q: As a 
computer user, do you consider yourself as?]

Total Novice Basic Moderate Advanced Expert
14 0 2 3 3 6

Table 3.12: Search at a work place [Q: How often do you search for information for work 
purposes?]

Daily Several	times	a	
week

Once	a	week Occassionally Never

7 6 1 0 0

Table 3.13: Language preference and search [Q: How often do you use another language 
than your native one?]

Proficiency English Italian French German Spanish Portuguese
Native 1 1 1 10 0 0
Fluent 5 0 3 1 0 0
Fair 2 0 1 0 2 0
Basic 3 5 6 1 0 1

	 50%	 of	 the	 subjects,	 i.e	 7	 of	 14	 considered	 themselves	 having	 moderate	 search	 expertise,	
while	only	2	of	14	consider	themselves	as	expert	as	shown	in	Table	3.14.
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Table 3.14: Search expertise [ Q: As a searcher do you consider yourself as?]

Total Novice Basic Moderate Advanced Expert
14 0 1 7 4 2

 Among the different search engines listed in Table 3.15, Google is the most widely used, fol-
lowed by Yahoo and Altavista.  The familiarity of a specific search engine or the selection of a specific 
information source can influence how users choose their goal posts towards achieving their final 
objective.

Table 3.15: Search Engine usage [Q: Which web search engines do you use?]

Altavista Google Yahoo Northen-
light

Excite About	 Ask	
Jeeves

Go Kartoo

7 14 8 0 0 0 0 0 0

	 Table	 3.16	 presents	 various	 other	 information	 sources	 that	 users	 are	 aware	 of	 and	 would	
choose	preferably	based	on	the	need	and	the	knowledge	they	possess.	 	The	amount	of	knowledge	
an individual possesses and their perceived understanding clearly influences search strategies and 
styles.

Table 3.16: Information sources [Q: What are different information sources the users are 
aware of , for the scenarios presented and would choose?]

Scenarios Paper	based	Maps Travel	Agencies Search	Engines
1 1 2 1
2 2 2 2
3 13 13 14

	 Table	3.17	details	the	characteristics	of	the	individuals	about	the	search	practices	and	styles	
adopted	based	on	the	information	they	encounter.

Table 3.17: Search strategies and styles [Q: If you do not get the result you expect, you nor-
mally:?]

Slightly	
change	
the	query	
and	search	
again

Completely	
change	
the	query	
and	search	
again

Switch	to	an	
“advanced	
mode”

Change	
the	search	
engine

Ask	some-
body	for	
help

Giveup Others,	
please	
specify

14 6 9 6 1 3 0

	 As	it	is	envisaged	that	the	end	users	of	the	SPIRIT	system	are	users	who	aim	to	exploit	geo-
graphic	information	and	constantly	use	it	in	their	daily	life.	It	is	important	for	us	to	identify	the	aware-
ness	and	usage	of	various	geo-web	services	of	such	users.	Table	3.18	illustrates	user’s	experience	and	
usage	of	various	geo-web	services.
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Table 3.18: Geo-web services [Q: Have you ever used geographical information services on 
the web?]

Daily Several	
times	a	
week

Once	a	week Monthly Occasionally Never

Never 0 0 0 0 1 2
Multimap 1 1 0 0 0 0
Map24 1 2 0 6 0 0
Some-
wherenear

0 0 0 0 1 0

Upmystreet 0 1 0 0 0 0
Mapquest 1 0 0 1 5 0
Mapblast 0 0 0 1 1 0

	 Furthermore,	Table	3.19	illustrates	the	context	of	usage	of	these	selected	geo-web	services	
in	their	daily	life,	which	are	planning	a	business	travel,	planning	a	leisure	travel,	looking	for	accom-
modation, to find a place, to find a service on a map.

Table 3.19: The context of usage of the geo-web services illustrated in Table 3.16 [if you 
have used one of the services above, in which context?]

Planning	
a	business	
travel

Planning	a	
leisure	travel

Looking	for	an	
accommoda-
tion

To find a map 
of	a	place

To find a serv-
ice	on	the	map

Others,	Please	
specify

9 6 4 12 2 0

Query formulation preferences
 Among the many factors that influence the outcome of the search process, the functionali-
ties and characteristics of each of the search engines influence the individual’s understanding. One 
important factor that has considerable influence is the ease of use in expressing the information re-
quest.	Most	users	stated	that	a	relatively	simple	text	based	interface	is	the	preferred	choice,	enabling	
them	to	express	their	information	request	in	simple	natural	language,	which	explains	why	Google	has	
faired	better	than	several	other	search	engines	for	simple	text	based	starting	point.	Table	3.20	sup-
ports	such	an	argument	with	empirical	evidence	showing	that	of	the	3	scenarios	presented	a	majority	
preferred	a	simple	text	based	starting	point.

Table 3.20: Preferred starting points of interface [Q: What are preferred starting points in 
the interface?]

Scenario Text	based	Simple Map	based Text	+	Map
1 10 4 0
2 9 5 0
3 12 2 0

Task analysis for scenarios
	 During	 these	experiments,	 individuals	were	asked	 to	devise	and	breakdown	the	scenarios	
into	the	keywords	and	search	goals	to	 identify	their	expectations,	both	before	and	after	using	the	
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system.	This	was	accomplished	by	provision	of	two	open-ended	sets	of	written	questionnaires:

The first set to describe the search objectives in terms of keywords and search goals.

The	second	set	was	to	document	individuals’	interactions	with	existing	search	interfaces	
during	the	spatially	aware	information	seeking	process.	

	 Analysing	the	goals	and	tasks	for	each	of	the	scenarios	given	to	the	users,	provided	a	greater	
insight into how individuals perceived each of the scenarios and also the keywords specified to ex-
press their needs to meet their final objectives. Most of the keywords chosen reflect concepts and the 
geographic	location.	Table	3.21	illustrates	the	keywords	used	for	each	of	the	scenarios	presented	to	
the	users.	An	analysis	of	these	keywords	provides	the	following	insights:

Keywords	are	often	expressed	in	an	individual’s	preferred	language	for	example:	“Nizza 
in German	“refers	to	“ Nice in french”,	similarly	“radfahrar”	for	cyclist.

Keywords	often	are	in	combination	illustrating	“concept”and	“geographic location”.	By	
geographic	preposition,	we	mean	the	relationships	envisioned	by	the	users	based	on	the	
scenarios	presented	to	them.

Table 3.21: Keywords identified by the users during the early stage requirements assess-
ment of existing search engines and geoweb services (Simulated Work Tasks) (ref. Table 
3.6)

Scenario 
No.

Keywords identified

1. Schwarzwald,	Fahrard,	Jan	Ulrich,	Bike	tour,	Heimatstadt,	Merdingen,	Hometown,	
Cycling,Velofahren,	Bike	Holidays,	Camping,	Black	Forest,	“Heimstadt	von	Jan	Ulrich”,	
Germany,	Radfahren/Rattouren,	Towns	and	Cities,	Leisure,	Timesports.

2. Hotel, France, Windsurfing, Marseille, restaurants, Hiring equipment, Mediterranean 
coast,	Shopping	center,	Cote	D’Azur,	Cannes,	Nizza	(	Nice,	France),	Camoing	de	Gleins,	
French	Riviera,	Monaca,	Pension	Hotels.

3. Aigle,	Chalet,	Les	Diableret,	Swiss	Alps,	Leysin,	Hiking,	Bergsteigen,	Familienferein,	
Wandern,	Chalet	mieter,	Mountaineering,	Climbing.

	 The	strategies	adopted	by	the	users	during	the	process,	when	interacting	with	a	simulated	
work	task	draw	the	following	insights:

Prior knowledge about a geographic location influenced the choice of the starting inter-
face. Individuals with no knowledge about a specific geographic location, tend to learn 
about	the	geographic	location	by	choosing	a	text	based	search	interface.	This,	however,	
does	not	hold	true	to	a	very	great	extent	for	individuals	with	adequate	geographic	knowl-
edge.	They	prefer	to	browse	through	a	map	based	interface,	by	zooming	to	the	required	
level	of	detail.

Expression	of	the	needs	and	the	results	obtained	has	been	preferred	in	native	languages.

Goals and search keywords defined prior to the search process are abandoned and their 
peregrine	nature	shifts	to	a	new	set	of	goals	based	on	the	information	encountered.	Key-
words are modified to address their newly defined objectives.

To accomplish their final objectives users randomly choose a range of existing search en-
gines	and	geo-web	services	provided	to	them.	The	order	of	usage	of	these	search	engines	

•

•

•

•

•

•

•

•
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and geo-web services differed based on the individuals geographic knowledge, expertise, 
results	obtained	from	the	search	engines	and	required		level	of	detail	obtained	from	geo-
web	services.

“Phrase”	searching	and	boolean	logic	has	been	widely	adopted	to	identify	services	such	as	
hotels, restaurants, windsurfing.

Existing geographic knowledge
	 The	knowledge	of	geography	relevant	to	a	query	is	a	prime	driving	factor	in	the	scenarios	pre-
sented to the interested subjects. The studies reveal varying knowledge of a specific geographic loca-
tion	(“Place”).	The	choice	of	information	source	is	however	governed	by	the	amount	of	geographic	
knowledge	each	of	the	subjects	are	familiar	with.

	 The	three	approaches	to	assessing	requirements,	through	the	use	of	scenario	development	
(ref.	Section	3.2	Scenario	Development),	storyboarding	(ref.	Section	3.3	Storyboards	and	Simulated	
Work	task	)	and	task	analysis	using	existing	geo-web	services	(	ref.	Section	3.3	Assessment	of	Existing	
geo-web	services)	described	above	facilitated	the	drawing	of	holistic	as	well	as	serialistic	views	of	us-
ers	in	terms	of	usage	and	interactivity.	The	insights	drawn	from	these	approaches	appear	to	be	useful	
to	categorise	user	needs	into	three	distinct	dimensions	as	illustrated	in	Figure	3.2.	The	independent	
nature	of	these	dimensions	means	they	need	to	be	individually	addressed.

The	dimensions	themselves	are	as	follows	(Balley,	2002):

User activity- a specific action by the user to illustrate a need which has been further clas-
sified into an activity to be realized and an activity to be analysed. The former relates to 
the user’s intention to realize a specific activity immediately with the resource obtained, 
while	the	latter	involves	the	user’s	need	for	supportive	information.

Required	information	content-	one	of	the	core	functionalities	of	the	SPIRIT	system	is	
to	deliver	the	information	that	has	a	spatial	component	in	it,	which	can	be	depicted	as	“	
something	that	is	related	to	someplace”.

Required resource- the user may express specific needs regarding the very resource, he/
she	is	looking	for	e.g.	aerial	picture,	web	documents,	etc...	One	of	the	primary	objectives	of	
the	SPIRIT	system	is	to	deliver	on	demand	maps	by	rendering	the	geographical	footprints	
of	the	web	documents.

3.4 Hierarchical task analysis
	 Having	completed	the	experiments	described	above	to	elicit	user	requirements,	a	hierarchical	
task analysis was performed to identify the functionalities required of the final SPIRIT system. This 
analysis	took	the	form	of	a	comprehensive	task	breakdown	based	on	the	functionalities	and	features	
that	would	facilitate	accomplishment	of	a	set	of	action	or	operations	and	aimed	to	map	correspond-
ing interactivities with the system. Figure 3.8 details these tasks in different phases of spatially aware 
information	seeking	process.

	 The	spatially	aware	information	seeking	process	comprises	of	a	set	of	episodes,	each	of	which	
aims to address a certain intermediate goals to achieve their final objectives. Each episode is carried 
out	in	three	phases:

Definition or pre-retrieval: In	 this	phase,	 information	request	 is	expressed	 in	one	of	

•

•

•

•

•
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these	3	modes:	Querying mode, Learning mode or Browsing mode.	Users	adopt	the	query-
ing mode when there is definite or precise indication of what their needs are. This doesn’t 
however	mean	that	users	have	adequate	knowledge	about	a	geographic	location.	By	con-
trast,	in	the	Browsing	mode,	users	have	little	knowledge	of	what	they	need	to	know,	but	
have an adequate geographic knowledge to kickoff their quest. Finally, when the learning 
mode	is	adopted,	the	users	have	relatively	little	knowledge	about	a	geographic	location.	
The	number	of	iterations	of	information	acquisition	may	vary	based	on	the	information	
obtained	and	users	understanding.

	
	 The	key	elemental	tasks	in	this	phase	are	locate, identify, differentiate, diverge, 
discriminate	and	scope	which	are	performed	prior	to	the	execution	of	their	query.

Retrieval: 	During	the	retrieval	phase,	there	is	relatively	 little	 interaction	between	the	
user and the system. However, when the system finds ambiguous place names user’s are 
prompted	to	identify	a	single	location	through	a	process	termed	as	disambiguation.

Post-retrieval:	During	the	post-retrieval	phase,	there	is	a	relatively	high	amount	of	inter-
action	between	users	and	the	system,	whereby	subjects	tend	to	refine, manipulate, organ-
ize, differentiate, correlate, classify, discriminate, detail , overview, simplify	and	draw mul-
tiple perspectives	of	the	retrieved	information.	The	order	of	occurrence	of	each	of	these	
tasks is however undefined and subject to individual users’ relevance assessment often 
termed	as	“perceived relevance”.

The	number	of	episodes	within	a	spatially	aware	information	seeking	process	can	thus	be	seen	to	
vary	based	on	the	complexity	of	the	information	needed,	perceived	relevance	and	of	course	the		preci-
sion	and	recall	of	the	system	used	for	retrieval.

3.5 Defined requirements
 Table 3.22 & 3.23 illustrate the user requirements identified during the experimental stud-
ies.	However,	the	feasibility	of	certain	points	is	questionable	for	example,	automatic	translation	of	
geographical	names	and	searching	in	multiple	languages	were	unlikely	to	be	realised	as	a	feature	of	
the first release.

Table 3.22: User Requirements List (Balley et al., 2002)

1. Support	 geographical	 concept	 expansion	 e.g.	 from	 “The	 Midlands”	 into	 “Nottingham-
shire Leicestershire Derbyshire Northamptonshire Warwickshire Staffordshire “ or from 

“Schwarzwald”	 into	 “Murgtal-Schwarzwaldhochstraze	 Baderregion-Nordschwarzwald-Wein-
land	Ortenau-vom-Kinzigtal	zum	Neckar-Breisgau,	Feldberg-Sudlicher-Schwarzwald,	Titisee-
Villingen-Schwenningen”.	This	feature	is	considered	essential	 for	supporting	an	exhaustive	
retrieving of the information referred to a specific area. 

2. Support spatial concepts that relate different geographical entities as well as objects. e.g. 
“main	station	in	Munich”,	“beaches	out	of	Nice”,	“Cities	in	South	England”	as	well	as	“Cinemas	
in Cardiff”, “Hotels north of London”

3. Support different terminologies and notations of spatial relations. Different terms are used in 
natural	language	to	mean	similar	concepts.	Hence	the	system	must	be	able	to	recognise	syn-
onymous	notions	for	spatial	relations.	For	e.g.	the	term	“near”	is	synonymous	with	the	terms	

“close	to”,	“not	too	far	from”	and	the	term	“touch”	 is	synonymous	with	the	terms	“adjacent”	
and	“nearby”.

4. Support	any	kind	of	spatial	relationship	like	“in	Zurich”	and	“	not	in	Zurich”.

•

•
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Table 3.22: User Requirements List (Balley et al., 2002)

5. Support	 Fuzzy	 measures	 of	 distance	 e.g.	 “15	 minutes	 drive”,	 “20	 minutes	 walk”,	 “walking	
distance”,	possibly	combined.	This	 is	equally	true	for	qualitative	distance	as	in	“in	walking	
distance”. The system must also be able to interpret an approximate measure of definitive 
distance.	e.g.	within	10	miles	could	be	matched	with	8	or	12	miles	etc.

6. Automatic identification and interactive disambiguation of place name when the same name 
is	shared	with	other	place	in	the	same	country	or	in	others.

8. Support	description	of	geographical	 features	e.g.	 “main	rivers	 in	France”,	 “abbeys	 in	South	
England”,	“Adriatic	coast	of	Italy”.	SPIRIT	should	be	able	to	detect	the	areas	or	the	points	un-
der	discussion.

9. Support	Fuzzy	geographical	areas,	e.g.	“Les	Diablerets	mountain	area”,	“	South	Wales”,	“North	
East	London”.

10. Maps	are	preferred	display	medium
Maps	have	to	be	enriched	with	other	types	of	information	(mainly	links	and	images)	e.g.	
hotels,	travel	information,	routes	and	paths.	
Direct	manipulation	of	the	displayed	map	has	to	be	supported;	zoom-in	and	zoom-out	are	
considered	the	basic,	measuring	the	distances	would	be	an	interesting	feature	to	have.

•

•

11. Clustering	of	retrieved	pages	with	respect	to	particular	semantic	concepts,	e.g.	information	
about accomodation classified in hotels, resorts, B&B, houses, huts, camping etc.

12. Offer document ranking respect to distance from a specific place, e.g. “hotels close to the Mu-
nich Station” than the closer will be presented first.

13. Support	ranking	by	spatial	non-spatial	concepts.	e.g.	hotels	ranked	respected	to	the	distance	
from	the	station	vs.	respect	to	the	number	of	stars.

14. Keep the history of search sessions for future queries. e.g. different queries, area specification 
and	relevant	results

15. Support	query	by	sketching	e.g.	allow	users	drawing	a	square	on	the	map	illustrating	his	
current	location	and	automatically	identifying	the	place	and	retrieve	related	information

16. Maps	and	listed	information	have	to	be	visually	related	e.g.	map	position	blinking	when	the	
corresponding	term	in	the	list	is	brushed,	automatic	scroll	of	the	info	list	when	a	certain	
place	on	the	map	is	clicked.

17. Ubiquitous	retrieval	of	geographical	information,	i.e	while	travelling	by	means	of	a	PDA:
18. Support	multi-language	naming.	e.g.	Black	Forest	has	to	be	automatically	translated	into	

Schwarzwald,	would	be	highly	desirable.	Often	foreign	geographic	names	have	the	original	
name	translated,	mapping	multiple	names	on	the	same	concept	is	thus	fundamental	for	the	
retrieving.

19. Some	sort	of	automatic	translation	feature	can	be	explored	when	essential	information	is	
retrieved only in a different language than the once in the query

Table 3.23 Broadening of SPIRIT Requirements (Bucher et al., 2004 p.18-20)

1. Provision	of	advanced	interface	to	allow	users	to	specify	additional	or	multiple	geographic	
criteria,	precise	address	location	or	temporal	annexation	of	web	sites.

2. Spell	check	functionality	or	“did	you	mean”	should	be	provided.
3. Automatic	place	name	disambiguation	functionality	to	be	provided.
4. Proactive	alternative	search	terms	provision.
5. Bookmarks	should	be	categorised	by	search	(i.e.	the	performed	query	should	be	recalled	

for	every	bookmark	link)	and	linked	to	the	maps.
6. Provision to save book marked maps within user’s profile and easily exportable.
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Table 3.23 Broadening of SPIRIT Requirements (Bucher et al., 2004 p.18-20)

7. Provision of statistical information relating to a specific geographical location or tourist 
information and a set of predefined links to other sources of information

8. Provision	of	route	planning	services	on	interactive	highlighting	between	source	and	desti-
nation.

9. Provision	of	statistics	associated	to	number	of	documents	associated	to	a	particular	area	or	
region.

10. Results	should	be	ranked	with	respect	to	the	criteria	relevant	to	the	particular	query.	e.g.:	a	
search for accomodation in sheffield would yield results ranked by cost.

11. Investigate	the	feasibility	of	showing	topographic	information	on	the	map	as	a	layer	and	if	
feasible,	provide	it.	More	precisely,	user	should	be	able	to	toggle	these	layered	topographic	
data	presented	on	the	map.

12. Provision	of	map	tool	box	to	explore	the	map,	with	a	descriptive	note	on	its	usage.
13. Improve	the	map	readibility	by	appropriate	selection	of	colours	and	symbology	to	repre-

sent	the	features.
14. A	comprehensive	suite	of	spatial	relationships	based	on	proximity,	containment,	associa-

tions	and	distance	function	are	presented.	However	precise	spatial	relationships	“	with	in	x	
minutes	drive”	are	preferred	choice.

15. Clustering	of	the	results	obtained	and	subsequent	highlighting	of	the	clusters	should	be	
illustrated	in	the	maps.

16. Discrete	representation	of	document	footprints	on	the	map	by	exploiting	colour	and	sym-
bols	based	on	relevance	rank.

17. Provision	of	a	help	option	explaining	the	usability	of	the	interface	and	its	functionalities.

3.6 Development of an information seeking model
 The process of defining requirements for the SPIRIT system revealed a web of contributing 
factors that influence the spatially aware information seeking process as a whole. Based on these 
factors,	 and	 research	 discussed	 in	 terms	 of	 information	 seeking	 models	 in	 Chapter	 2,	 an	 informa-
tion seeking model specific to the spatially aware information seeking process was developed. The 
purpose of this model is to investigate the potential significance of fundamental geographic concepts, 
such	as	place,	way,	and	region	in	an	information	space	that	is	only	metaphorically	geographical	in	
nature; which are then associated with specific functions and user actions that make sense in the 
context	of	exploring	and	searching	an	information	space	consisting	of	unstructured	textual	document	
objects.	The	nature	of	the	queries	posed	by	an	individual	illustrate	geographic	concepts	expressed	
in	natural	 language	and	require	practical	 interpretation	 in	terms	of	 interacting	with	unstructured	
textual	sources	such	as	 internet	to	make	sense	of	vast	array	of	possible	geographically-structured	
representation	and	analytical	tools	for	the	analysis	of	spatial	information.	The	purpose	of	this	model	
was	also	 to	 investigate	 the	potential	metaphors	 in	 the	design	of	visualizations	 for	spatially	aware	
information	retrieved	from	unstructured	textual	sources	such	as	the	internet.	

 An informavore (an individual who consumes information) chooses a specific course or strat-
egy	based	on	the	visual	and	linguistic	cues	encountered.	Observations	drawn	from	the	studies,	reveal	
that	the	spatially	aware	information	seeking	process	comprises	of	the	six	key	components	illustrated	
in	Figure	3.8.	

3.3 Storyboards and simulated work tasks
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Figure 3.8: An episode of Spatially Aware Information Seeking process influenced by the works 
of Bates (1986), Taylor(1968), Mizzaro(1998), Pirrolli(2000), Saracevic(1996). The model il-
lustrates “an episode” based on berry picking model.

 Figure 3.8 An episode of the Spatially Aware Information Seeking process influenced by the 
works	of	Bates	(1986),	Taylor(1968),	Mizzaro(1998),	Pirrolli(2000),	Saracevic(1996).	The	model	il-
lustrates	“an episode”	based	on	berry	picking	model.

	 	 Intent	is	often	expressed	in	the	form	of	a	“need”;		Taylor	(1968)	argues	that	need	can	
be	categorized	as	“Visceral”	(the	actual	but	unexpressed	need	of	information,	corresponding	to	real	
information	need),	“Conscious”	(the	conscious	description	of	the	need,	corresponding	to	perceived	
information	need),	“Formalized”(the	expression	of	user’s	need,	as	it	would	be	expressed	without	the	
presence	of	the	IR	system)	and	“Compromised”	(the	expression	of	user’s	need	as	presented	to	the	IR	
system,	corresponding	to	the	request).

 The number of iterations or episodes to achieve a user’s final objective depends on geograph-
ic	know-how	and	selection	of	an	 information	source	that	delivers	the	precise	 information	needed.	
The findings of this study reveal that individuals prefer to choose specific information source based 
on	the	scope	and	depth	to	which	each	of	these	serves	their	purpose.

	 Presuming	that	the	selected	information	source	serves	the	purpose	the	need	can	be	expressed	
in brief. Keywords are identified by users that facilitate the best possible match from the collection to 
increase	or	decrease	the	number	of	iterations	or	episodes.	Interfaces	act	as	a	medium	for	expressing	
their	need	by	proactively	engaging	subjects	with	possible	suggestions	and	feedback	and	provide	a	
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 3structural	framework	to	the	information	seeking	episode.

	 The	structural	framework	built	by	the	interface	thus	serves	as	an	input	for	retrieval	engine	
for	the	best	match	called	the	search engine.	The	best	matched	results	are	ordered	based	on	their	rel-
evance. To date, a benchmark relevance criteria hasn’t been adopted, systems define relevance to suit 
the interests they serve. Saracevic (1996) identifies some key relevance criteria namely: situational, 
topicality, utility, motivational, pertinence, interpretational.

	 The	possibilities	for	automated	match	based	on	expressed	need	(keywords)	varies.	Perceived	
relevance	is	governed	by	the	comprehensibility	(how much of the retrieved documents can be easily 
understood),	fertility	(how much of the retrieved documents will be useful for finding other documents 
e.g. number of reference of the documents),	recency	(how	much	of	the	retrieved	documents	have	to	be	
recent),	language	(in which language the retrieved documents have to be written),	quantity	(number of 
documents and their length a user wants)	of	the	content	(Mizzaro,	1998).

 The results obtained from the best possible match defines the course of the search process 
for	it	is	governed	by	the	visual	and	linguistic	cues	termed	as	“information scent”	(Pirrolli,	2000).	If	
the final objectives are achieved, subjects terminate the process, else the process continues and each 
episode defines a specific goal towards achieving their final objective.

	 During	each	of	these	episodes,	subjects	(informavores)	tend	to	adopt	a	geographic	metaphor	
which predominantly influences their search strategies and objectives. Numerous other factors influ-
ence	the	decision	making	process	of	informavores	such	as	intention, interactions, context, relation and 
inference (Saracevic, 1996). Innitency of these factors influencing the spatially aware information 
seeking	process	cannot	be	ruled	out	and	the	order	of	occurrence.

	 The	model	illustrated	in	Figure	3.8	builds	on	berry picking model	presented	by	Bates	(1986)	
and incorporates significant contributions with respect to each of the components outlined. Thus, a 
comprehensive	theoretical	framework	for	spatially	aware	information	seeking	model	has	been	estab-
lished educing from earlier scientific contributions and experimental studies.

3.7 Summary
 Differing design and user perspectives reflect the functional areas a system serves to address. 
Communication	of	these	perspectives	between	the	designers	and	developers	is	critical	for	the	success	
of	any	system.	This	chapter	presents	the	requirements	study	carried	out	and	validated	by	involving	
subjects with varied experience and domain expertise. Different phases of requirements gathering 
and analysis have been constructed not  only to reflect upon the design and development aspects of 
the	SPIRIT	system,	but	also	with	respect	to	its	perceived	usage	and	functionality.	

 It has been demonstrated that scenarios and illustration of fictious situations to individuals 
provided	a	feel	of	a	real	setting	and	created	real	empirical	and	qualitative	data	that	could	be	exploited	
as	a	part	of	the	design	cycle.	The	results	were	obtained	from	analyzing	the	spatially	aware	informa-
tion	seeking	behaviours	of	real	users,	with	actual	and	real-life	needs	modelled	in	a	 laboratory	set-
ting.	

 Users were independent to choose and refine strategies to achieve their final objectives. As a 
part	of	an	iterative	design	cycle,	re-assessment	exercises	were	carried	out	to	validate	the	early	stage	
requirements	by	expanding	the	focus	group	to	other	domains.	Qualitative	feedback	received	resulted	
in	 a	 complete	 set	 of	 data	 to	 be	 evaluated.	 Combining	 the	 qualitative	 and	 quantitative	 data	 collec-
tions	methods	provided	subjective	and	objective	insights	with	respect	to	individual’s	spatial	aware-
ness	and	information	seeking.		The	experiments	helped	us	enlist	a	detailed	task	structure	of	spatially	

3.5 Defined requirements
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aware	information	seeking	process.		The	users	envision	a	system	with	spatial	intelligence	capabilities	
that	address	their	locational	information	needs.

	 In	the	latter	half,	a	conceptual	model	for	spatially	aware	information	seeking	is	constructed	
based on scientific contributions and experimental studies. Understanding the complexities involved 
in	the	whole	process,	a	framework	is	adopted	with	a	set	of	functional	components	each	serving	to	ad-
dress	a	key	functionality	of	the	interface.	Thus,	laying	the	foundation	for	designing	a	spatially	aware	
information	retrieval	system.
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“The	greatest	challenge	to	any	thinker	is	stating	the	problem	in	a	way	that	will	allow	a	solution”

-Bertrand Russell

Chapter 4
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	 A	key	focus	of	this	thesis	is	to	investigate	the	degree	to	which	various	contemporary	visuali-
zation	techniques	and	principles	can	serve	to	deliver	functional	views	that	suit	the	needs	of	the	users	
looking	for	information	relating	to	a	geographic	location.	The	focus	of	this	chapter	is	to	present	po-
tential	approaches	to	visualizing	the	results	of	geographic	searches,	based	around	the	key	functional	
requirements identified in Chapter 3. In Chapter 5 the prototype implemented in SPIRIT is described 
in detail, but the data available for visualisations are briefly discussed here.

	 Dykes	et al.	(2005,	p.107)	state	that	the	“motivation to develop novel graphic representation 
and interaction techniques can come from the data itself and our abilities to access and use it”. Confla-
tion	of	unstructured	data	retrieved	from	the	internet	through	an	extraction	mechanism	(retrieval)	
with	geographic	data	sets	(e.g.	SABE	Data	or	Digital	Chart	of	the	World)	draws	interests	across	dif-
ferent	domains.	“Whilst technological advances and availability of new data drive a need for new views, 
Casner (1991) convincingly demonstrated that the same data needed to be represented in different 
ways using different views in order to effectively serve different information needs. The information 
needs that require these views are defined by different tasks”	(Dykes	et al.,	2005,	p.109).	Furthermore,	
Fairbairn	et al.	(2000)	state	that	there	has	been	a	constant	change	in	graphic	information	represen-
tation and handling methods, including those defined as “cartographic”,	and	that	there	is	a	need	to	
investigate	new	methods	of	representation	and	understanding	of	these	representations.

	 Visualisations	of	the	results	of	searches	for	information	relating	to	a	particular	location	must	
effectively integrate geo-referenced search results with background contextual information. Meth-
ods for delivering background contextual data in the SPIRIT project are briefly described below. The 
process	of	searching	for	geographically	and	contextually	relevant	documents	is	described	in	detail	
in Chapter 5. Essentially, geographic references in web pages must be identified, disambiguated and 
grounded	to	a	given	geographic	extent	(Clough	et al.,		2004).	For	the	purposes	of	visualisation	this	
means	that	the	results	of	a	search	are	a	set	of	documents,	each	of	which	may	have	one	or	more	geo-
graphic	extents	associated	with	it,	and	these	geographic	extents	may	vary	in	both	spatial	extent	and	
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location.

4.1 Delivering background web mapping
 One	of	the	key	elements	of	the	user	interface	is	the	provision	of	interactive	maps,	with	mini-
mum	required	functionality	including	panning,	zooming	and	selection	for	query	and	results	formu-
lation	(See	Chapter	3).	Many	examples	of	web	mapping	applications	exist,	 for	example:	Multimap	
(www.multimap.co.uk),	Map24	(www.map24.com)	and	Digimap	(www.edina.digimap.ac.uk).	These	
tools generally allow the user to pan, zoom and select different elements for display. Simple querying 
by	using	clicks	on	the	map	may	also	be	allowed.	Integration	of	such	tools	into	the	SPIRIT	interface	al-
lows	us	to	produce	simple	background	maps	suitable	for	querying,	and	to	visualize	search	results	as	
points	or	other	symbols	on	maps.	Within	the	SPIRIT	project	the	open	source	platform	Deegree	was	
used	to	provide	web	mapping	through	a	web-coverage	server

4.1.1 Degree OpenGIS web servers
	 With	the	web	as	delivery	platform,	there	has	been	growing	interest	in	the	Open	Geospatial	
Consortium (www.opengis.org) which has created a number of specifications and recommendations 
designed	to	allow	data	from	a	variety	of	sources	to	be	integrated	through	internet	applications	and	
delivered	to	the	users	as	data	or	maps.	Amongst	these	standards	those	for	GML	(http://www.openg-
is.org/techno/specs/01-068r3.pdf)	 and	 Web	 Feature	 Servers	 (http://www.opengis.org/techno/
specs/02-058.pdf)	are	central	to	the	SPIRIT	interface.	

 The Geographic Markup Language is an XML based standard designed to facilitate exchange 
and	representation	of	geographical	data	 including	both	spatial	and	aspatial	properties	of	 features.	
Web	Map	Servers	(WMS)	deliver	images	on	receipt	of	an	HTTP	request	to	a	server,	and	allow	a	server	
to	build	a	map	as	a	set	of	layers	and	styles.	Finally,	Web	Feature	Servers	(WFS)	allow	a	user	to	make	a	
query	for	spatial	data	which	is	served	up	as	GML.	By	using	a	WFS	integrated	with	a	WMS	with	some	
layer	in	between	performing	visualization	tasks	any	data	which	can	be	delivered	from	a	WFS	(in	other	
words	that	can	be	represented	using	GML)	can	be	delivered	to	a	client	in	a	graphic	or	picture	format.	
e.g:	GIF,	JPEG,	PNG	and	SVG.

	 Deegree	(www.deegree.org)	is	an	open-source	Java	product	for	the	implementation	of	local	
and	web	based	GIS	applications.	It’s	interface	and	architecture	guarantee	optimized	interoperability	
by	conforming	to	OGC	standards.	The	implementation	of	the	Deegree	WFS	is	based	on	this	architec-
ture	with	a	WMS,	a	WCAS	(Catalog	Service),	a	Web	Coverage	Service	(WCS)	and	a	Web	Coordinate	
Transformation	Service	(WCTS).	The	available	version	of	the	Deegree	WFS	is	based	on	the	OGC	web	
feature service implementation specification 1.0.0 (OGC WFS Specification WWW) and serves the re-
quest	of	GetCapabilites,	GetFeature,	DescribeFeatureType	and	Transaction	(with	some	restrictions)	
(www.deegree.org).	

Shape files can be directly connected by the Deegree WFS via a JDBC driver. Alternatively, shape files 
can	be	imported	into	an	Oracle	Spatial	database,	then	the	WFS	can	access	the	Oracle	databases	with	
the	Spatial	Extension	(8.1.6	and	higher)	and	use	their	access-mechanism	for	querying.	Tests	within	
SPIRIT	established	Deegree	handled	simple	geometric	objects	of	the	type	likely	to	be	requested	in	
visualization well. The Deegree WFS can output data in both XML and GML. Presently, the Deegree 
WFS can be run by posting an XML file to a servlet, the XML file includes the simple query specifi-
cation.	For	example:	all	three	geometric	objects	in	a	rectangular	region	can	be	queried	by	a	simple	
bounding	box.
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4.1.2 Data for background mapping
	 A	key	requirement	 for	 the	SPIRIT	project	was	 the	delivery	of	relatively	seamless	mapping	
across	a	range	of	European	countries.	Since	a	relatively	small	number	of	pan-european	geographic	
data sets exist some potential candidates for use in visualisations are briefly described here. Digital 
Chart	of	the	World	(DCW)	has	a	global	coverage	at	a	source	scale	of	1:1,000,000	(http://www.map-
room.psu.edu/dcw)	and	consists	of	points	and	polygons	representing	major	communication,	popula-
tion	centres	and	some	other	topographical	data.	(Clough	et al.,	2004).	Eurographics	produced	a	data	
set	 called	 SABE	 (Seamless	 Administrative	 Boundaries	 of	 Europe)	 representing	 the	 administrative	
boundaries	for	the	whole	of	Europe	at	scales	of	1:100,000	and	1:10,00,	000	which	includes	political	
boundaries	to	the	level	of	communes	represented	as	their	polygons	or	centroids	(www.eurograph-
ics.org/products/SABE)(Clough	 et al.,	 2004).	 Since	 these	 data	 only	 represent	 political	 boundaries	
they	are	thus	in	themselves	not	suitable	for	providing	useful	background	information.	However,	as	
discussed	in	Chapter	5,	they	form	an	important	source	for	the	geoparsing	process	and	the	associated	
grounding	of	web	documents	with	spatial	extents.	Furthermore,	they	are	used	in	some	of	the	visuali-
sation	tasks	illustrated	later	in	this	thesis.	Finally,	TeleAtlas	(www.teleatlas.com)	produce	a	seamless	
dataset,	MultiNet	which	details	roads,	streets,	points	of	interests,	land	use	etc.	

 Appendix-F shows that large scale datasets offer very varying feature classes, while at smaller 
scale	particularly	around	1:2500,000	there	appears	 to	be	more	homogeneity.	 In	addition	to	 these	
data	sets	a	number	of	gazetteers	with	variable	feature	classes	are	also	available.	

4.2 Web interface constraints
	 With	the	web	as	the	information	delivery	model,	a	number	of	constraints	come	into	play	dur-
ing	the	design.	A	set	of	technical	considerations	were	made	for	the	SPIRIT	project,	which	included	
(Syed	et al.,2003):

Web page validation: In an effort to achieve consistency and conformance with W3C 
standards	all	web	pages	should	conform	to	W3C	validation	standards	(http://validator.
w3.org)

Accessibility of web pages:	compliance	with	web	content	accessibility	guidelines.	Some	
countries	such	as	the	U.K	have	disability	discrimination	act,	which	is	a	legal	requirement.

Minimization and standardization of client-side scripting:	a	common	source	of	non-
standard	 behaviour	 is	 the	 use	 of	 client-side	 scripting,	 for	 example	 through	 javascript	
which can have unpredictable effects when used with different browsers. Client-side 
scripting	 should	 be	 minimized	 and	 the	 standard	 version	 proposed	 by	 ECMA-290	 used	
(www.ecma.ch).

Use of plug-in’s:	plug-in’s	often	provide	a	plethora	of	additional	 functionality	 to	 inter-
faces.	Information	relating	to	installation	and	enabling	of	such	plug-in’s	should	be	clearly	
instructed	to	the	end	users.

Interface compatibility:	adherence	to	standards	unfortunately	does	not	guarantee	that	
the interface will operate under a certain system configuration. The SPIRIT consortium 
adopted a set of operating systems and browser configurations for testing. Also a testing 
suite	of	stable	machines	(or	virtual	machines)	were	used	to	document	compatibility.

•

•

•

•

•
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4.3 Ideation-Concepts for visualizing spatially aware 
information retrieved from the internet.
	 The	main	 focus	of	 this	chapter	 is	 to	present	 the	 initial	concepts	developed	 in	 the	 ideation	
phase	of	the	development	of	the	SPIRIT	interface.	In	order	to	address	a	range	of	scenarios,		consistent	
with	the	conceptual	spatially	aware	information	seeking	model	presented	in	Chapter	3,	a	series	of		
initial	interface	designs	were	developed.	These	interface	designs	seek	to	incorporate	key	functional	
requirements	(§ref.	Table	3.22;	3.23)	gathered	during	the	requirements	gathering	process	discussed	
in	Chapter	3.	The	user	interface	is	at	the	epicenter	of	the	SPIRIT	system,	brokering	the	information	
flow between the key tasks of the retrieval system  (Ontology, Ranking, Retrieval Components). The 
nature	of	these	functional	interactions	is	described	in	Chapter	5,	whilst	we	focus	here	on	presenting	
the	initial	set	of	interface	designs	used	in	the	design	process	for	SPIRIT.

	 Dykes	et al.,	(2005,	p.110)	state	that	“advocates of task-driven tools do not only look at data 
but also look for something ‘interesting’, such configurations that may contribute to better understand-
ing of the data or underlying phenomena.. While an explorer may not be aware of their tasks or know 
their specific outcomes, those designing tools that support ideation must consider them explicitly and 
deliberately to instruments that it can assist in the observation of distributions, behaviours, expose pat-
terns and facilitate detection of relationships. Taking into account the concurrency of exploratory tasks 
it may be inappropriate to follow the approach of building separate graphical realizations for each 
task. Instead one should try to design and support a range of tasks, possibly through various methods of 
interactions”.

	 In	this	spirit,	the	tasks	related	to	the	SPIRIT	interface	were	analysed	and	a	range	of	interac-
tions likely to be performed with the system in each search session or search episode identified. Table 
4.1	details	the	phases	of	interactions	with	the	SPIRIT	interface.	Furthermore,	Fu	et al.	(2003)	and	Bal-
ley	et al.	(2002)	detail	key	functional	requirements	of	the	SPIRIT	interface.

Table 4.1: Task Analysis for the SPIRIT interface (Syed et al., 2002)

S.No Phase Description
1. Query	formulation The	user	will	be	able	to	specify	a	query	relating	a	theme	

and	a	location,	possibly	related	by	a	spatial	relationship.
2. Query	disambiguation ambiguous places or concepts are identified by the sys-

tem	automatically	and	a	range	of	alternatives	or	choices	
are	presented	to	the	user

3. Query	expansion a	user	query	will	be	automatically	expanded	by	adding	
terms	appropriately

4. Result	presentation results	will	be	presented	based	on	the	user’s	needs.
5. Search refinement the	user	will	be	able	to	select	a	subset	of	the	results	to	

refine their search
6. Feature	control the user will have the option to turn on and off features 

of	the	system,	for	example:	query	disambiguation,	spa-
tial	indexing	and	ranking	types
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Figure 4.1: Free text querying:  A design template( Syed et al.,2002)

4.3.1 Query formulations
  The first task of the interface is to allow the user to specify a query, representing their in-
formation	need.	A	commonly	used	interface	is	a	simple	free	text	querying	interface	as	shown	in	Fig	
4.1,	where	users	express	their	needs	in	natural	language.	Most	search	engines	such	as	Google	(www.
google.com)	and	Yahoo	(www.yahoo.com)	have	adopted	such	a	simple	interface	because	of	its	per-
ceived	ease	of	use.	The	main	requirement	for	the	interface	stemming	from	the	Ontology	report	of	the	
SPIRIT	project	(Fu	et al.,	2003)	relates	to	the	nature	of	the	queries	that	the	user	makes.	A	typology	
of	queries	is	presented	which	basically	consists	of	a	combination	of	a	place	name	or	place	type	with	
or	without	an	aspatial	entity.	These	terms	may	be	related	by	a	semantic	relationship	or	a	spatial	re-
lationship.	The	typology	is	characterized	as	a	relationship	between	“something”	and	“somewhere”,	as	
shown	in	Fig	4.2.	In	formulating	such	queries	there	are	three	basic	tasks	that	need	to	be	performed:
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Figure 4.2: Structured query interface: A design template( Syed et al.,2002)

Identify	the	geographic	extent	of	the	query.	The	geographic	extent	of	a	query	requires	us	
to	provide	a	location	in	space	through	some	referencing	system.	In	turn,	this	implies	that	
some mapping is available between different reference systems- for example mapping an 
address	to	latitude	and	longitude.	Geographic	extents	may	in	principle	be	entered	either	
as	text	or	through	some	form	of	interaction	with	a	map.

Identify	the	nature	of	the	aspatial	concept	related	to	the	place.	The	entering	of	a	concept	
is	a	trivial	task	which	can	be	achieved	either	through	the	entering	of	a	text,	or	in	the	case	
of a domain specific ontology through the selection of a node on the ontology. It should be 
noted,	however,	that	association/assignment	of	a	word	to	a	particular	place	in	a	concept	
hierarchy	is	non-trivial,	presumably	because	a	word	may	relate	to	multiple	concepts.

Specify	the	nature	of	the	relationship	between	the	place	and	the	thing.	The	nature	of	the	
relationship	between	objects	and	places	(whether it is to be spatial or not)	is	more	com-
plex.	Many	synonyms	exist	for	descriptions	of	relationships	and	providing	an	exhaustive	
library is likely to be difficult. Simple spatial relationships often do not conform to, or 
even	exist	in,	our	mental	maps	-	for	example:	is	London	north	or	south	of	Paris?	Fu	et al. 
(2003)	suggest	that	interactive	components	should	be	provided	to	facilitate	the	input	of	
spatial	relationships	but	 it	will	be	necessary	to	consider	usage	issues	when	deciding	a	
spectrum	of	functionalities	for	expressing	relationships.	The	exact	functionality	required	
for query formulation needs to be well defined. 

	 The	potential	complexity	of	the	possible	query	formulations	described	above	suggests	that	
a range of interfaces incorporating differing levels of functionality and trading off ease of use for 

•

•

•
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complexity should be developed. A key element identified by Balley et al.,	(2002)	is	the	provision	of	
specifying	location	using	an	interactive	map,	as	shown	in	Fig	4.3.	This	interface	facilitates	users	to	
draw	a	region	of	interest	on	the	map	and	specify	the	spatial	relationships	for	the	selected	region	with	
respect to a specific concept.

Figure 4.3: Graphical query interface using web mapping. : A design template( Syed et 
al.,2002)

4.3.2 Query disambiguation

 Balley	et al.	(2002)	and	Fu	et al. (2003) suggest that automatic identification of ambiguous 
place	names	prompts	users	with	a	list	of	choices	to	disambiguate	ambiguous	place	names.	Thus,	for	
a	query	such	as	“Museums	near	London”,	the	system	should	prompt	the	users	to	interactively	select	
from	a	list	of	possible	options	such	as:

London,	United	Kingdom.
London,	Ontario,	Canada.

	 As	many	place	names	are	ambiguous,	it	is	likely	that	provision	of	such	functionality	may	prove	
frustrating as users will be prompted to disambiguate most place names specified at the interface. 
Thus	some	consideration	should	also	be	given	to	weighting	the	likelihood	of	a	query	being	ambiguous	
before a user is prompted to refine it.

•
•



Exploratory Representation for Geographic Information Retrieved from the Internet11�

C
ha

pt
er

 4 4. Visaulization approaches

Figure 4.4: Map based presentation of the results: A design template (Syed et al.,2002)

4.3.3 Query expansion
 Query expansion is suggested in the specification of system functionality as allowing the sys-
tem	 to	 expand	 a	 query	 to	 include	 places	 related	 by	 some	 spatial	 relationship	 or	 alternative	 place	
names	(thus	a	query	related	to	London	might	also	use	place	names	found	within	London	(e.g.	West-
minster)).	Since	automated	expansion	is	likely	to	take	place	after	a	query	has	been	entered	then	con-
sideration	of	expansion	is	only	likely	to	occur	when	the	user	is	presented	with	results.	The	interface	
should make clear the expanded query used to obtain the results and allow the user to refine this if 
required.	

	 Queries	 such	 as	 “cities on the mediterranean coast of France”	 and	 “hotels in and around 
St.Maxime”	cannot	be	grounded	into	geographical	features	to	serve	as	a	basis	for	hierarchical	query	
expansion,	but	have	a	reference	to	the	feature	type	for	the	relevant	scope	of	interest	instead.	In	the	
latter	query,	the	term	“cities” are not only feature type, but also a conceptual illustration of a specific 
region	(a	morphological	variant).	Based	on	the	conceptual	illustration,	textual	similarity	may	or	may	
not	help	us	in	identifying	the	most	relevant	set.	The	interface	should	not	only	facilitate	geographical	
query	expansion	with	reference	to	features	but	also	with	feature	types.	Furthermore,	a	query	such	
as	 “accommodation near London”	 has	 varied	 interpretations	 based	 on	 the	 semantics	 of	 proximity	
relationships.	The	user	is	interested	in	accommodations	that	are	only	located	in	London	or	the	user	
is	interested	in	accommodations	that	are	both	inside	london	and	in	its	vicinity.	The	system	should	be	
in	a	position	to	accomodate	query	expansion	process	based	on	the	geographic	scope	intended	by	the	
users	interactively.
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4.3.4 Result presentation
	 Any	 search	 with	 SPIRIT	 (or	 other	 spatially	 aware	 search	 engines)	 is	 likely	 to	 return	 a	 set	
of	documents	ranked	according	to	some	combination	of	spatial	and	semantic	similarity.	This	 is	of	
course	one	of	the	primary	intentions	of	SPIRIT	and	in	this	section	we	introduce	a	range	of	potential	
visualization	approaches	which	utilize	the	spatial	nature	of	search	results,	and	in	some	cases	their	
conceptual	and	spatial	ranking.

4.3.4.1 Map based representation

  Figure	4.4	illustrates	the	interface	design	for	simple	map-based	presentation	of	the	results.	
A	map	with	numbered	links	is	displayed	alongside	a	list	of	relevant	documents.	The	document	list	
provides	links	to	web	resources	which	may	consist	of	one	or	more	pages,	and	thus	may	include	an	
intermediate step. By selecting an item from the list, the search can be refined using the spatial lo-
cation	of	this	item,	and	the	map	manipulation	tools	used	in	normal	map	query	formulation	remain	
available for query refinement. The map itself is zoomable and the maximum extent is defined by the 
bounding	rectangle	of	the	retrieved	documents.	It	is	also	envisaged	that	a	simple	text	based	results	
presentation	be	made	available,	similar	to	that	which	users	are	familiar	with	through	current	web	
search	engines.	Documents	in	the	document	list	will	be	ranked	according	to	the	measures	developed	
to	describe	semantic	or	spatial	similarity	or	some	combination	of	both	–	that	is	to	say	a	relevance	
ranked	list	of	documents.	See	Chapter	5	for	more	on	methods	used	in	relevance	ranking	in	SPIRIT.

Figure 4.5: Ontology based traversal of query space: A design template (Syed et al.,2002)
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4.3.4.2 Ontology based traversal of the query space

	 	Ontology	based	traversal	of	the	query	space	is	a	tangible	choice	to	explore	result	sets.	Alani	
(2003)	exploited	the	potential	of	TouchGraph	visualization	(http://www.touchgraph.com)	in	visual-
izing	ontologies.	Touchgraph	provides	highly	interactive	environment	with	fast	rendering,	pan	and	
zoom	capability,	locality	control,	etc.	Using	the	TouchGraph	open	source	Java	environment,	documents	
can	be	placed	at	nodes	with	the	branches	linking	nodes	from	the	ontology.	For	aesthetic	reasons,	a	

“spring-layout technique”	is	incorporated	whereby	nodes	repel	each	other	while	edges	(connections)	
attract,	placing	semantically	similar	nodes	close	to	each	other.	Fig	4.5	illustrates	the	interface	design	
for	a	potential	technique	of	traversing	ontologies	with	in	the	query	space.

	 	 	 The	next	few	visualizations	illustrate	a	number	of	potential	techniques	for	graphically	
displaying	the	results	of	SPIRIT	searches,	which	all	attempt	to	display	a	large	number	of	documents	
through	a	variety	of	symbolizations.	The	visualizations	themselves	are	once	again	intended	to	be	il-
lustrative	and	to	provide	techniques	for	summarizing	information	which	will	meet	the	needs	of	the	
users with different cognitive understandings of semantic and spatial similarities.

4.3.4.3 Cartograms

“A cartogram is a map or diagram showing geographical & statistical information. More specifically, the 
word cartogram has been defined as a ‘combination of map and graph” (Wilkie, 1976, p.1).

Figure 4.6: Results presentation using cartograms- note that the centre map is used to illus-
trate the concept, and that in implementation a topographic map would be displayed here: A 
design template (Syed et al., 2002)
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	 Fig	4.6	shows	the	use	of	circular	cartograms	to	display	the	result	of	a	spatial	search	for	“mu-
seums near London, United Kingdom”.	The	central	map	shows	political	units	as	stored	in	the	SABE	
dataset.	This	map	would	in	reality	be	transparent	to	the	users,	except	for	the	highlighted	polygon	and	
more	meaningful	data,	for	example	a	simple	topographic	map,	displayed	here.	On	mouse	over	either	
on	the	topographic	map	or	the	cartogram,	selected	polygons	and	their	corresponding	cartograms	are	
highlighted	using	a	technique	widely	known	as	“brushing and linking”	(Martin	and	Ward	1995;	Mon-
monier,	1988,1989).

	 												The	size	of	the	circle	in	the	circular	cartograms	can	be	varied	according	to	some	weight	
associated	 with	 the	 polygon,	 which	 might	 in	 this	 case	 be	 the	 number	 of	 relevant	 documents	 con-
tained	in	the	spatial	area	or	the	overall	semantic	or	spatial	relevance	of	the	documents	in	this	area,	or	
some	other	meaningful	score.	As	the	elements	of	the	cartogram	are	selected	so	relevant	documents	
are	displayed	in	the	window	below.	Finally,	an	orientation	map	on	the	left	allows	the	user	to	pan	and	
zoom	within	the	linked	cartograms.

	 Such	visualizations	assume	some	linkage	exists	between	the	data	used	in	visualizing	search	
results	and	the	method	of	allocating	search	results.

4.3.4.4 Target Metaphor

  Fig	4.7	illustrates	an	interface	design	using	a	so-called	“target metaphor”.	A	target	metaphor	
is	a	simple	metaphor	which	suggests	 the	degree	of	similarity	of	 the	results	 to	a	query.	The	target	
metaphor	positions	documents	relative	to	a	query	footprint	expressed	by	a	used	according	to	some	
spatial	relationship	(e.g.	topology,	direction	or	proximity)	The	bands	within	the	target	can	further	
demonstrate the scope of the documents with respect to the specified geographic location. The target 
is	linked	to	the	map	by	brushing	and	relevant	results	are	displayed	when	an	element	is	moused	over.	
Individual elements can be used to redefine the spatial or semantic context of the search.

Figure 4.7: Visualization of query results using a target metaphor: A design template (Syed et 
al., 2002)
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4.3.4.5 Touchgraph and ThemeRiver Visualization of Spatial Relations

  The	 higher	 level	 of	 interactivity	 and	 explorability	 of	 Touchgraph	 can	 also	 be	 exploited	 to	
explore	and	illustrate	the	spatial	relations	within	documents.	Another	visualization	approach	which	
demonstrates	the	spatial	relationships	of	the	documents	is	ThemeRiver	(Havre	et al.,	2002).

	 Combining	these	two	visualization	approaches	it	is	envisaged	that	users	may	navigate	through	
the	hierarchy	of	place	names	and	visualize	the	documents	based	on	their	physical	location.	On	selec-
tion of a specific document, relevant spatial context and footprints of that document are displayed 
in	the	results.	These	documents	can	be	further	highlighted	by	references	to	a	popular	landmark.	The	
pan	feature	gives	a	detailed	description	about	the	geography	of	the	region	selected	by	the	user	and	
their	relative	 locations.	Fig	4.8	 illustrates	a	 foreseen	solution	for	a	query	“Towns on south coast of 
France	“	incorporating	ideas	from	both	the	Touchgraph	and	ThemeRiver	visualization	techniques.

Figure 4.8: Interface design for ThemeRiver visualization for results presentation (Syed et al., 
2002).

4.3.4.6 Statistical Approach

 Fig	4.9	illustrates	an	interface	design	based	on		visualizing	documents	on	a	two-dimensional	
plot,	with	geographic	and	semantic	relevance	as	axes	of	the	planes.	Document	positions	on	the	plane	
indicate	their	position	in	cartesian	space	that	are	also	displayed	on	an	accompanying	map.	Spatial	
and	semantic	relevance	is	suggested	by	the	graphical	variables	colour	and	height	(size).	For	a	query	
such	as	“Big cities on the Mediterranean coast of France”;	The	BBC	weather	forecast	document	has	
higher	relevance	according	to	Google	search	engine,	In	contrast,	SPIRIT	could	have	the	same	docu-
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ment	plotted	on	a	two	dimensional	plane	according	to	geographic	and	semantic	relevance.

Figure 4.9: Query visualization using a statistical approach to illustrate spatial relevance vs 
distance from the centroid of expressed region of interest. Themes illustrate the semantic 
similarity of the documents.

4.3.4.7 Density Surface representation

	 Figure	4.9	demonstrates	a	statistical	approach	where	in	geographic	and	semantic	relevance	
of	documents	are	visualized	as	bar	charts,	and	equal	sub-intervals	of	the	whole	data	are	considered.	
This however does not consider local neighbourhood influences. Kernel density estimation considers 
such local neighbourhood influences, by centring a kernel function at each data point (in this case the 
geographic	footprint	of	the	document)	and	using	a	smooth	kernel	function	to	estimate	the	density	
over	a	region	with	the	number	of	documents	at	a	footprint	used	for	the	frequency	at	the	datapoints.
Moreover,	kernel	density	estimators	smooth	out	the	contribution	of	each	observed	data	point	(geo-
graphic footprint of a document) over a local neighbourhood of that data point. Influence on a data 
point (geographic footprint) X(i) and X(n) depends on the shape of the kernel function adopted and 
primarily	its	bandwidth.	(Hwang	et al.,	1994)

4.3.4.8 Footprint based representation

	 For	a	web	page	referring	to	multiple	geographic	locations	and	varied	contextual	information,	
the	geographic	scope	of	the	web	page	is	complex.	Figure	4.10	illustrates	one	such	case	where	in	a	
web	page	refers	to	locations	such	as	Scotland, Nepal, Alps, Norway, Glenmore, Greenland; 	footprints	of	
which are different and so the geographic scope of that document is relatively different.  A possible 
solution	would	be	to	represent	these	footprints	individually	on	a	map	giving	an	overview	of	the	ex-
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tent/scope	of	a	web	page	and	the	underlying	relationships	between	the	same	footprints	occurring	in	
different web pages.

Figure 4.10: An example of geographic references on web page referring to various geo-
graphic locations around the world along with addresses, telephone numbers and postal 
codes. Snap shot of Glen More lodge web site (source: http://www.glenmorelodge.org.uk/)

4.3.4.9 Spatial Activity map

	 Identifying	 additional	 geographic	 information	 surrounding	 a	 geographic	 reference	 or	 geo-
graphic footprint which are specifically derived from web pages can serve to be extremely useful in 
defining activities or resources related to these web pages or locations.  This is one of the stages of 
information	extraction	can	be	termed	“contextual	information	gathering”.			Almost	all	human	activi-
ties are rooted at a specific geographic location. Thus, additional information gathered during the 
contextual	information	gathering	phase	can	be	used	to	build	“spatial	activity	maps”.	However,	since	
individual web documents often contain relatively little distinct information, the task of defining a 
theme	 or	 activity	 is	 challenging.	 	 A	 possible	 approach	 to	 representing	 such	 information	 could	 be	
through	the	use	of	symbology	to	illustrate	this	additional	information	related	to	resources	or	activi-
ties at a specific geographic location. The success of this approach is very dependent on how the geo-
graphic	ontology	and	associated	metadata	are	constructed.

Each of the above mentioned approaches (4.3.4.1 to 4.3.4.9) to results presentation serves different 
purposes	addressing	a	variety	of	potential	user	tasks.	Many	of	these	share	some	common	character-
istics	with	contemporary	visualization	techniques.	A	number	of	points	should	be	noted	about	these	
interface	designs	for	result	presentation:

All	of	the	user	interfaces	are	designed	without	recourse	to	the	use	of	scroll	bars	to	display	
more	information,	particularly	in	the	form	of	long	lists,	addressing	the	web	interface	con-
straints	and	serving	the	standard	resolutions	of	800x600.

Interface designs all include some provisions for result refinement through reformulating 
a	query.	In	some	cases	user	may	select	from	a	retrieved	documents	and	use	their	spatial	
context	as	a	new	location.	

•

•
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All	the	interface	designs	display	many	documents,	in	some	cases	aggregating	these	docu-
ments	into	spatial	or	semantic	units.	Such	approaches,	which	we	believe	are	essential	to	
demonstrate	visualization	techniques	in	SPIRIT,	place	requirements	(discussed	in	chap-
ter	3)	on	the	nature	of	the	retrieval	results	passed	to	the	interface.	

Many	of	 the	designs	use	both	spatial	and	semantic	aspects	 in	visualizing	results.	Once	
more	this	will	place	requirements	on	the	information	retrieved.	

4.3.5 Search Refinement
 The search Refinement phase is one of the most prominent natural phases of search proc-
ess as a whole, it is when user’s try out a range of possible query refinements or expansions to close 
the	search	 loop	which	may	ends	either	 in	 the	success	or	 failure	of	 the	user’s	search.	 	Most	of	 the	
existing search engines have suffered from the common malady of pigeonholing or stereotyping, as 
soon as supplementary terms are added, the query quickly becomes too specific to find the desired 
page(s).	By	allowing	some	interaction,	the	query	replacement	button	seeks	to	alleviate	this	problem	
(when coupled with the right terms). Query refinement or expansion can be either done manually 
and interactively by the searcher (interactive query refinement or expansion) or automatically (au-
tomatic	query	expansion).			“Intuitively interactive query expansion should produce better results than 
automatic, however this is not consistently so	(Beaulieu,	1997;	Koenemann	and	Belkin,	1996;	Ruthven	
2003)”	(Vechtomova	and	Karamuftuoglu,	2004).

 In SPIRIT, we intend to adopt intuitively interactive query refinement or expansion, where 
supplementary terms are added to refine the collection of documents retrieved from the initial infor-
mation request. Lau and Horvitz (1998) present different patterns of the search refinement process 
illustrated	in	Table:	4.2.

Table 4.2: Analysis of Patterns in Search Refinement Process (Lau and Horvitz, 1998)

1. New	query:	A	query	for	a	topic	not	previously	searched	for	by	the	user	during	the	process	
within	the	scope	of	the	web	collection	of	the	data	set	available.

2. Generalization:	A	query	on	the	same	topics	as	the	previous	query,	but	seeking	general	infor-
mation	than	the	previous	query.

3. Specialization: A query on the same topic as the previous query, but seeking more specific 
information	than	the	previous	query.

4. Reformulation:	A	query	on	the	same	topic	that	can	be	viewed	as	neither	a	generalization	nor	a	
specialization,	but	a	reformulation	of	the	prior	query.

5. Interruption:	A	query	on	a	topic	search	on	earlier	by	a	user	that	has	been	interrupted	by	a	
search	on	another	topic.

6. Request	for	additional	results:	A	request	for	another	set	of	results	on	the	same	query	from	the	
search	service.

4.3.6 Feature Control
	 A	user	centric	environment	should	facilitate	users	to	interactively	select	through	preferences	
or	choices	based	on	which	the	results	can	be	retrieved,	these	preferences	can	be	either	of	geographic	
relevance	techniques	or	spatial	indexing	technique	or	number	of	results	to	be	displayed	per	page	etc...	
Provision	of	such	 feature	control	 facility	 for	geographic	 information	retrieval	engines	and	 for	per-
sonalization	of	the	results	would	serve	users	needs.	It	is	envisaged	that	such	a	feature	control	facility	
should be provided to the users to define their preferences.

•

•
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4.4 Characteristics of the results and the visualization re-
quirements
	 During	the	course	of	this	Chapter,	we	have	focussed	on	methods	for	formulating	queries	to	
and	representing	the	results	of	a	query	from	a	spatial	search	engine.		With	a	single	web	page	referring	
to	many	geographic	locations,	the	nature	of	the	footprint	obtained	from	the	results	may	vary	from	
well-defined points to collections of polygons and visualizing such footprints as points or collection 
of points may make it difficult to convey meaningful information to the users, for instance the iden-
tification of relevant documents. It is also evident that the result sets may have identical footprints 
which cannot simply be stacked on the top of each other. These difficulties in visualizing the require-
ments identified demand that multiple perspectives be adopted to best serve user needs. Table 4.3 
illustrates	the	visualization	requirements	and	the	characteristics	of	the	results.

Table 4.3: Visualization requirements and the characteristics of the results (Yang et al., 
2006; Purves and Yang, 2005)

1. Represent	documents	and	their	associated	footprints.
2. Represent	footprints	associated	to	same	location	and	their	relation	with	other	documents.
3. Support	level_of_details	(LOD)	visualization	of	search	results.
4. Allow users to interactively manipulate search results (e.g. Position identification of docu-

ments).
5. Allow	brushing	and	linking	between	footprints	and	documents	to	indicate	the	spatial	loca-

tion	of	documents.
6. Support	multiple	views	for	the	comparison	of	the	representations	of	search	results.	

4.5 Summary
	 This	chapter	has	focused	on	the	development	of	possible	approaches	for	querying	and	rep-
resentation	of	information	retrieved	from	the	unstructured	textual	source	i.e.	internet.	This	chapter	
runs	through	query	formulation,	extraction	and	result	representations.		The	key	aspects	of	the	repre-
sentation	discussed	in	this	chapter	are	discussed	below:

Free	text	querying:			Free	text	querying	requires	that	queries	be	resolved	into	place	names,	
spatial	relationships	and	contexts.	By	providing	two	query	buttons	this	parsing	process	
may be simplified and it is suggested that the interface undertakes some initial simple 
parsing	of	the	query	using	 information	available	 from	the	ontology.	The	use	of	natural	
language	queries	and	the	search	results	obtained	using	textual	indices	need	to	be	inves-
tigated.	(Syed	et al.,	2003)

Graphical	querying:	Adequate	 tools	should	be	provided	 for	 the	users	 to	graphically	ex-
press	 the	 region	 of	 interest	 and	 the	 corresponding	 context	 the	 user’s	 are	 looking	 for.		
(Syed	et al.,	2003).

Ontology-based	 querying:	 The	 querying	 mechanism	 shown	 in	 Figure	 4.9	 can	 use	 the	
structure	of	the	ontology	itself.	It	is	also	suggested	that	the	results	can	be	presented	using	
the	ontology	in	aggregating	it	into	spatial	units.	In	both	cases,	these	requirements	imply	
that	it	be	possible	to	use	the	ontology	in	visualization.	It	is	suggested	that	the	common	
use	of	SABE		data	set	would	be	one	means	of	accomplishing	this,	with	some	form	of	a	sim-
ple	look-up	table	allowing	the	interface	to	refer	to	ontological	units	(Syed	et al.,	2003).

•

•

•
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Query	 disambiguation:	 Consideration	 should	 be	 given	 to	 intelligent	 query	 disambigua-
tion	using	term	frequencies	and	related	spatial	units	(Syed	et al.,	2003).

Search Refinement: Where spatial query expansion occurs consideration should be given 
to	the	portrayal	of	such	information	for	the	users	and	the	usage	issues	there	in	(Syed	et 
al.,	2003).

Spatial	referencing	of	 the	results:	Most	visualizations	presented	 in	this	chapter	will	re-
quire	that	spatial	referencing	of	the	results	be	passed	to	the	interface	along	with	the	re-
sults.	Consideration	as	to	potential	aggregation	of	results	also	implies	that	appropriate	
information	for	spatial	aggregation	be	passed	to	the	interface	(Syed	et al.,	2003).

Semantic	 and	 spatial	 ranking	 of	 results:	 The	 system	 should	 be	 capable	 of	 ranking	 the	
results	based	on	geography	and	context.	The	visualizations	consider	that	more	than	one	
ranking	technique	are	obtained	from	the	geographic	information	retrieval	engine	(Syed	
et al.,	2003).

All of the visualization approaches presented address different purposes and reflect to the multidi-
mensional	 ranking	 based	 on	 semantic	 and	 spatial	 aspects	 obtained	 from	 the	 geographic	 retrieval	
engine.		These	visualization	have	been	designed	for	the	web	as	the	delivery	platform	and	serving	a	
standard	resolution	of	800x600	pixels.

•

•

•

•
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Prototype

“See	things	as	you	would	have	them	instead	of	as	they	are”

--Robert Collier  

Exploratory Representation for Geographic Information Retrieved from the Internet 12�

Chapter 5

	 The	early	stage	requirements	(cf.	Chapter	3)	presented	key	geographic	information	retrieval	
functionalities	based	on	which	a	working	prototype	has	been	developed	by	the	SPIRIT	Consortium,	
which	comprises	of	a	number	of	components	(as	shown	in	Figure	5.1)	interacting	with	each	other.

	 Users	are	equipped	with	tools	that	enable	them	to	formulate	their	information	request	using	
an	interactive	query	interface	which	allows	both	textual	and	graphical	queries.	The	results	are	ranked	
on the basis of their combined relevance to a specific geographic location and to a concept of inter-
est.

	 Approximately	94	million	web	pages	resulting	from	a	crawl	of	the	web	form	a	collection	of	one	
terabyte.	Based	on	this	collection	a	set	of	documents	(Joho	and	Sanderson,	2004)	are	characterized	
according	to	their	geographical	context	and	refer	to	parts	of	the	United	Kingdom,	France,	Germany	
and	Switzerland.	A	multi-modal	interface	enables	users	to	search	through	results	of	geotagged	col-
lections	of	about	90,000	documents	with	the	help	of	a	number	of	software	components	each	serving	
specific functionalities. The SPIRIT prototype system is deployed in a distributed architecture using 
SOAP	(Simple	Object	Access	Protocol),	with	components	existing	on	remote	sites	and	communicating	
via defined functional interfaces. These functional components are dealt with in detail in the subse-
quent	sections	of	this	Chapter.

5.1 Functional Components 
	 The	key	components	which	impart	the	spatial	awareness	functionality	to	the	SPIRIT	system	
as	a	whole	are	described	in	detail	in	this	section.	The	roles	played	by	these	components	can	be	cat-
egorised	based	on	their	functional	interaction	in	two	phases:	The	pre-processing phase	and	the	run-
time phase.	Figure	5.1	illustrates	each	of	the	interacting	system	components,	assigning	them	to	the	
phases	and	highlighting	them	by	colour	coding.
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Figure 5.1: SPIRIT architecture showing run-time and pre-processing components and link-
ages (from Purves et al., 2007, Figure 1).

5.1.1 Pre-processing
	 This	phase	involves	the	creation	of	searchable	indexes	which	can	be	accessed	by	the	run-time	
components	of	the	system.	During	this	process,	the	web	documents	are	assigned	spatial	footprints	
based	on	the	metadata	describing	both	spatial	and	aspatial	terms	within	a	document.

5.1.1.1. Assigning spatial extents to web documents
	 Numerous	authors	(McCurley,	2001;	Gravano	et al.,	2003;	Sanderson	&	Kohler,	2004;	Him-
melstein,	2005;	Zhang	et al.,	2006)	experimentally	support	the	notion	that	much	of	the	information	
available	on	the	web	describes	some	geographic	location.	Hill	et al.	(1999)	expressed	the	need	for	
geographical	reference	of	the	spatial	information	within	the	web	and	assigning	them	a	spatial	extent	
or	spatial	coordinate,	often	termed	‘geographic	footprint’.	Larson	(1996)	and	McCurley	(2001)	identi-
fied these two tasks as geoparsing	and	geocoding respectively.	The	overall	process	of	geoparsing	and	
geocoding	is	called	geotagging	(Purves	et al.,	2007,	p.13.,	Clough,	2005).

Geoparsing:

	 Parsing	is	performed	using	the	GATE	(General	Architecture	for	Text	Engineering)	Information	
Extraction	(IE)	system	(Cunningham	et al.,	2002).	The	geographic	terms	expressed	in	a	user’s	query	
are identified using a combination of lists of known locations, organizations and people derived from 
gazetteers	together	with	rules	which	capture	elements	of	the	surrounding	context.

 Gazetteers act as  a simple, effective and language-independent lookup medium but they fail 
to	 distinguish	 between	 locations	 not	 used	 in	 geographical	 context	 (Mikheev	 et al.,1999).	 	 For	 e.g.	

”Kansas City Shuffle”  appearing in the lyrics of a song can be tracked down as a city within the U.S; 
or	it	can	be	taken	to	mean	the	organization	Kansas	City	Transit	(McCurley,	2001).	Similarly,		a	movie	
name	such	as	“Hyderabad	blues”	can	be	mistaken	as	a	city	of	 India.	Hence,	 there	 is	a	need	 for	an	
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approach	to	apply	context	rules	and	additional	name	lists	(proper	names	and	commonly	occurring	
terms) to filter out names in the gazetteer lists that are most likely to be used in a non-geographical 
sense.

Table 5.1: Summary of footprints (UIDs) identified by geoparsing for the SPIRIT collection 
(from Purves et al., 2007; Table 1)

Country #Documents Unique UIDs Unique UIDs oc-
currence

Average UIDs 
per document

United	Kingdom 339,819 25,841 1,541,442 3.97
France 363,183 7,504 959,104 2.61
Germany 79,491 2,648 321,362 2.85

Switzerland 87,009 5,832 258,188 3.1

	 The	SPIRIT	prototype	incorporates	a	gazetteer	lookup,	supported	by	the	geographic	ontology	
(described	in	Section	5.2.2)	and	was	populated	with	two	main	sources	of	data	(though	only	one	of	
these	was	applicable	outside	of	the	U.K.)	–	the	SABE	(Seamless	Administrative	Boundaries	of	Europe)	
data	set	and	the	Ordnance	Survey	(1:50,000)	scale	gazetteer.		Locations	include	regions	such	as	vil-
lages,	towns,	cities,	counties	and	places	of	interest	represented	spatially	as	points	and	polygons.	An	
accuracy	of	72%	and	25%	false	positives	for	all	annotations	was	demonstrated	by	using	gazetteer	
lookup	with	additional	context	rules	during	the	experimental	studies	carried	out	by	Clough	(2005)	
for	a	collection	of	885,	502	web	pages	from	the	original	one	terabyte	collection.	This	illustrates	that	
web	documents	either	contained	no	location	or	contained	locations	which	could	not	be	grounded.	
Table	5.1	presents	a	summary	of	footprints	(Unique	IDs)	extracted	from	the	processed	web	pages.	
The number of UIDs indicates the total number of unique locations identified within the collection. 
Within	 the	 document	 collection	 a	 total	 of	 around	 1.5	 million	 references	 to	 UK	 place	 names	 were	
found.	Given	that	around	340,000	pages	refer	to	a	UK	place	name	the	average	number	of	UIDs	per	
document	was	about	four.	It	is	important	to	note	that	these	grounded	UIDs	included	falsely	grounded	
place names (e.g. unidentified instances of place names such as “Jack London”) and that the distribu-
tion	of	place	names	is	likely	to	be	strongly	biased	towards	a	much	smaller	subset	of	locations.	The	
most	striking	example	of	this	bias	is	London	which	occurs	in	112477	documents	in	the	collection.	
That	is	to	say	that	around	one	third	of	the	documents	in	the	UK	collection	have	reference	to	London	
(as	well	as	potentially	other	place	names).	The	results	are	not	surprising,	since	many	administrative	
organizations	in	the	UK	are	based	in	or	near	London	(Purves	et al.,	2007).

Geocoding:

	 Within	 the	 web	 documents	 there	 are	 multiple	 references	 to	 a	 single	 geographic	 location,	
which	in	these	cases	have	to	be	replaced	by	a	default	location	associated	with	location	metadata.	Sev-
eral	approaches	have	been	proposed	to	determine	a	default	location,	including:

the most commonly occurring place names	(Smith	and	Mann,	2003);
by population of the place names	(Rauch	et al.,	2003);
by semi-automatic extraction from the web	(Li	et al.,	2003).

	 Each	of	these	locations	was	assigned	an	appropriate	bounding	box,	representing	a	spatial	ex-
tent	derived	from	polygonal	data	stored	in	the	geographic	ontology	(described	in	Section	5.2.3).	Since	
the	overheads	associated	with	passing	polygons	through	the	system	were	too	high,	around	89%	of	
all	place	names	were	grounded	correctly	(Clough,	2005).	This	is	actually	a	geoparsing	result,	as	the	
geocoding	result	is	analysed	rather	than	the	exact	co-ordinates.

5.1.1.2 Building Document Indexes

•
•
•
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	 SPIRIT	adopts	a	hybrid	indexing	scheme	to	retrieve	text	documents	with	respect	to	geograph-
ic context. The text indexes are generally maintained as an inverted file structure (Salton & McGill, 
1983)	using	GLASS	Search	engine1.	Spatial	access	methods	(Samet,	1990;	Rigaux	et al.,	2002)	can	be	
used	for	performing	point	range	and	interval	queries.	Some	of	the	spatial	access	methods	such	as	
regular grids, quadtrees, R-trees, and the like can be used in conjunction with the inverted file struc-
ture	to	provide	a	hybrid	indexing	structure	for	addressing	spatial	queries.	A	uniform	grid	scheme	
as	shown	in	Figure	5.2	is	employed	here	as	in	some	successful	commercial	GIS	Systems	(Vaid	et al.,	
2005).	This	index	divides	the	entire	footprint	coverage	of	the	document	collection	into	a	grid	of	rows	
and	columns.	For	each	cell	of	the	grid,	a	list	of	document	IDs	was	constructed	using	the	document	
footprints	that	were	a	result	of	the	geotagging	process.

	 Based	on	 the	 best	 match	of	 the	 query	 terms,	only	 those	documents	 that	 intersect	 the	 geo-
graphical scope of the place name in the query (spatial extent of the query) are filtered. This has been 
achieved	by	matching	the	resulting	spatially	indexed	document	footprints	with	those	documents	that	
lie	within	the	spatial	extent	of	the	query.	This	scheme	is	referred	to	as	“T”	(separate	text	and	spatial	
indexes)	in	Table	5.2.

	 Among	several	other	approaches	is	spatial-primary	spatio-textual	indexing	(ST),	an	individ-
ual	text	index	referring	to	documents	whose	spatial	extent	lies	within	the	respective	grid	cell	and	is	
associated	with	each	of	the	cells	of	the	spatial	index	grid.	At	run-time	(i.e.	when	a	search	is	executed)	
those	cells	that	intersect	the	spatial	extent	are	determined	and	then	only	the	corresponding	text	in-
dexes	are	searched.

Figure 5.2: Spatial Indexing illustrating fixed grid scheme (Vaid et al., 2005)

1	 	For	more	details	see	http://dis.shef.ac.uk/mark/glass/
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Table 5.2: Spatial Indexing Schemes (Vaid et al., 2005)

1. Pure	Text	(PT) It	employs	the	basic	GLASS	(Search	Engine)	text	indexing	
procedure, which accesses a file-based lexicon using a 
binary	search	on	the	sorted	index	terms.	These	include	
all	geographical	and	non-geographical	terms.

2. Space-primary	spatio-textual	
indexing	(ST)

In	this	approach	the	documents	indexed	are	those	whose	
footprints (spatial extent) intersect the cells. A UNIX file 
system	is	constructed	bearing	cell	IDs,	and	the	relevant	
text	indexes	are	extracted	by	matching	the	cells	with	
respect	to	the	query.

3. Text-primary	spatio-textual	
indexing	(TS)

Contrary	to	the	earlier	approach,	the	index	scheme	is	
built	by	modifying	the	document	occurrences	and	lists	in	
the	GLASS	index.	For	each	indexed	term,	the	occurrences	
list is segmented into cell-specific sub-lists, which refers 
to	the	footprint	intersecting	the	respective	cell.	For	ease	
of access, each occurrence file comprises of header data 
providing offsets of the start and end of each cell-specific 
sub-list.

4. Separate	text	and	spatial	in-
dexes	(T)
Also	referred	as	Text	indexing	
with	spatial	post-processing.

In	the	T	indexing	scheme	the	pure	text	index	component	
is	identical	in	structure	to	that	of	PT,	while	the	spatial	
index	consists	of	a	table	containing	records	with	the	
structure	[Cell_id,	document_list].

	 	
	 The	results	are	then	merged	and	sorted	based	on	the	ranks	of	the	documents	from	each	of	
the	intersecting	cells.	An	alternative	approach	to	this	was	implemented	with	text-primary	indexing,	
where	an	inverted	list	text	index	is	extended	so	that	for	each	term	the	associated	documents	(contain-
ing	the	term)	are	grouped	according	to	the	spatial	index	cells	to	which	they	relate,	as	determined	by	
the	intersections	of	their	document	footprints	(spatial extents)	with	the	cell.	Thus	a	form	of	spatial	in-
dex	is	built	for	each	list	of	documents	for	each	term.	This	scheme	is	referred	to	as	“TS”	(text-primary	
spatio-textual	Indexing;	Vaid	et al.,	2005).

 A rather different approach has been adopted in Pure Text indexing (PT) where in all terms 
either geographical or non-geographical are indexed and a binary search is carried out to filter out 
the	matching	terms.	Vaid	et al.	(2005)	demonstrated	that	in	ST	and	TS	schemes,	there	is	a	penalty	of	
multiple	copies	of	indexes	(multiple	text	indexes	for	ST	and	multiple	spatial	indexes	for	TS).	Thus	the	
overhead	increases	with	the	number	of	footprints	that	are	selected	during	the	geotagging	and	sub-
sequently in the creation of the spatial index.  This combined effect of multiple cells and footprints 
per	documents	constrains	the	index	structure	to	coarse	grid	resolutions	as	the	amount	of	total	disk	
space	in	storing	indexes	becomes	very	high.	Furthermore,	Vaid	et al.	(2005)	demonstrated	that	index-
ing	TS	required	slightly	more	space	than	ST	but	exhibited	better	query	response	times.	In	contrast	
the	T	scheme	resulted	in	longer	query	times	(up	to	double)	but	with	little	storage	overhead.	With	
increasing	spatial	grid	resolution,	all	spatio-textual	schemes	behaved	the	same	way	returning	fewer	
documents reflecting the closer approximation of the grid cells to the query footprint with increasing 
resolution	(Vaid	et al.,	2005).	Considering	the	above	experimental	results	the	text-primary	indexing	
technique	(TS)	has	been	used	in	the	prototype	presented	and	the	evaluation	experiments	are	carried	
out	for	the	same.
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Figure 5.3: Diagram of run-time information flow (Syed et al., 2003; Fig. 14)

Figure 5.4: Workflow UML diagrams showing system interactions during search. a) For struc-
tured text query and b) for polygon or point based search (Purves and Yang, 2005; p. 5)
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5.1.2 Run-time
	 The	run-time	operations	involve	a	number	of	software	components	that	interact	with	each	
other. Figure 5.3 illustrates a diagram of run-time information flow and Figure 5.4 illustrates a work-
flow UML diagram showing system interactions during search for different sub-components, namely 
a	text	based	(structured)	query	interface	and	graphical	query	interface	(point	or	polygon	based	que-
ry).	Each	of	these	components	is	discussed	in	detail	in	the	following	sections.

5.1.2.1 User interface
	 A	 multi-modal	 interface	 facilitating	 both	 textual	 and	 graphical	 query	 formulations	 serves	
to	bridge	 information	requests	and	the	system.	The	SPIRIT	query	 interface	encompasses	two	sub-
components,	namely	a	text	based	query	interface	and	a	graphical	query	interface.	Serving	multiple	
purposes	and	interactions	each	of	these	interfaces	enforces	users	to	formulate	their	information	re-
quests	as	a	triplet	of	<concept>	<relationship>	<location>.	The	text	based	interface	(shown	in	Figure	
5.5)	is	a	simple	extension	of	that	of	most	search	engines,	enforcing	text	input	in	a	structured	form.

Figure 5.5: Structured query interface (also called Simple query interface) – starting point

 The system can be pre-configured through a preference setup based on ranking type, query 
disambiguation,	spatial	indexing	and	number	of	results	as	shown	in	Figure	5.6.	The	graphical	inter-
face depicted in Figure 5.7 employs maps for users to define queries supporting basic interactive 
functionality, such as zooming and panning, enabling users to define query locations. The graphical 
interface offers a medium to define a query region without the knowledge of local place names (Syed 
et al.,	2003;	Purves	et al.,	2005;	Purves	et al.,	2007;	Purves	and	Yang,	2006).

5.1.2.2 Query disambiguation
	 Many	of	the	place	names	expressed	in	a	user’s	query	may	be	shared	by	multiple	places	(e.g.	
there	are	a	number	of	places	called	“Newport”	in	the	United	Kingdom).	A	user	based	selective	query	
disambiguation	approach	as	illustrated	in	Figure	5.8	is	adopted	to	pick	up	the	appropriate	footprint	
for	later	spatial	processing.	The	geographic	ontology	(cf.	5.1.3)	serves	as	a	repository	of	place	names	
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with	broader	spatial	 contexts	of	 the	place,	by	utilising	 the	containment	 (part_of)	 relationships	en-
coded	between	places	(Purves	et al.,	2007).		For	example,	for	a	query	involving	“Newport”,	a	user	will	
be	prompted	to	select	which	“Newport”	is	intended	from	a	menu	of	hierarchy	information	obtained	
from	the	geographic	ontology:

UK,	Wales,	Newport
UK,	England,	Essex,	Uttlesford,	Newport
UK,	England,	Leicestershire,	Melton,	Newport
UK,	England,	Devon,	North	Devon,	Newport

Figure 5.6: User preference setup interface illustrating different preferences: Query disam-
biguation, Query expansion, Spatial indexing, Ranking method, and Number of Results to be 
presented.

5.1.2.3 Query Expansion
	 Unlike	traditional	query	expansion	where	the	process	is	about	supplementing	a	query	with	
additional	terms	to	support	the	user’s	information	needs,	the	spatial query expansion process	is	used	
to	generate	a	geometric	footprint.	Geographic	prepositions	and	place	names	that	are	common	pro-
ponents	of	a	user’s	query	are	used	to	generate	this	footprint.	Fu	et al.	(2005)	state	that	this	approach	
allows	us	to	perform	more	accurate	spatial	relevance	calculations	by	analysing	the	query	footprint	
and	 the	document	 footprint.	This	does	not	happen	with	 term-based	expansion.	 Fuzzy	 terms	such	
as “near” are difficult to interpret and can vary with respect to different user intentions as well as 
depending	on	the	types	of	spatial	and	non-spatial	terms	used	in	the	query.	This	has	been	resolved	by	
adopting	a	query	footprint	generation	process	that	accounts	for	the	potentials	of	vagueness	caused	
by	geographic	prepositions.

•
•
•
•
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Figure 5.7: Query Specification by Polygon – In this diagram a polygon is used to specify the 
area in which the search will be made, for example: Looking for castles within some distance 
of Cardiff (Purves et al., 2005).

	 A	range	of	geographic	prepositions	are	currently	supported,	including	in, near, outside, north 
of, east of, west of , south of	and	distance from. In an effort to experimentally validate the precision of 
the	results,	a	set	of	queries	was	performed	with	spatial	query	expansion	“ON”	and	“OFF”.		In	the	“ON”	
state,	the	spatial	and	textual	index	of	the	web	collection	and	relevance	ranking	was	performed	using	
distributed	ranking	methods	proposed	by	van	Kreveld	et al.	(2004).	When	it	was	turned	“OFF”	all	
query	terms	(including	spatial	and	non-spatial	ones)	were	sent	to	the	search	component	to	perform	a	
textual	based	search	using	the	BM25	ranking	method	(Robertson	et al.,	1995).	The	results	show	that	
the	footprint	based	spatial	query	expansion	approach	considerably	improves	the	search	results	when	
a query involves a fuzzy spatial relationship. Furthermore, the proposed method works efficiently us-
ing	realistic	ontologies	in	a	distributed	spatial	search	environment.
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Figure 5.8: Place name disambiguation interface

5.1.3 Geographic Ontology
	 The	ontology	component	of	SPIRIT	is	a	comprehensive	knowledge	repository	of	places	within	
the	geographic	coverage	of	the	search	engine.	It	augments	geographic	annotation	of	the	existing	web	
resources	that	describe	or	illustrate	a	geographic	location.	It	models	the	vocabulary,	spatial	structure,	
the	geographic	extent,	semantic	and	spatial	relations	(such	as	part	of,	containment,	association,	and	
proximity) between them, for the region covered by the search. Some of the key requirements specific 
to	the	SPIRIT	ontology	are	listed	in	Table	5.3.	Figure	5.9	illustrates	the	role	of	the	geographic	ontology	
(Jones	et al.,	2003;	Fu	et al.,	2003;	Jones	et al.,	2004;	Abdelmoty	et al.,	2005;	Fu	et al.,	2005).

Table 5.3: Requirements for the SPIRIT ontology (Fu et al., 2003, p.4)

1. Recognize	the	presence	of	a	place	name	or	spatial	relationship	in	a	query	or	a	docu-
ment.

2. Find web resources that contain alternative versions of a user specified name.
3. Find web resources that refer to places that are inside or nearby to a specific location.
4. Distinguish between different types of places.
5. Perform efficient indexing of web resources to find quickly resources relating to a par-

ticular	region	of	space.
6. Perform	relevance	ranking	with	regard	to	geographic	space	as	well	as	to	non-geograph-

ic	factors.

	 The	geographic	ontology	is	at	the	core	of	deriving	spatial	knowledge	with	respect	to	place	
names	 in	 the	geotagging	process.	 It	maintains	geometric	 footprints	associated	with	a	place.	 In	 its	
interactions	with	several	components	such	as	the	user	interface,	metadata	extraction,	ranking	com-
ponent	and	search	component	these	geometric	footprints	are	put	in	use.	The	geometric	footprints	
are	in	the	form	of	points, bounding boxes	or	polygons serving different purposes. As explained in the 
previous section, these purposes include the identification of possible ambiguities of a place name to 
generate a query footprint that reflects the region of space to which the query refers to, as well as the 
expansion	of	a	query	by	demonstrating	possible	geometric	interpretations	of	the	place	name	and	the	
corresponding	geographic	prepositions	expressed	in	the	query.
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Figure 5.9: Role of the geographic ontology

	 Hence,	the	geographic	ontology	serves	the	fundamental	task	of	interpretation	and	transfor-
mation	of	user	requests.	In	addition	it	recognizes	geographic	terminologies	and	encoded	vocabulary	
of place names applicable to a specific region. Its ability to recognise multiple geographic place name 
variants	such	as	“Abertawe”	and	“Swansea”	facilitates	the	intelligence	to	interpret	user	queries	(Fu	
et al.,	2005).	A	small	number	of	place	names	such	as	the	“Central	Europe”,	the	“British	Midlands”,	the	

“Swiss	Mittelland”	or	the	“American	Midwest”	are	special	in	that	they	cannot	be	accurately	assigned	
to	a	particular	place.	Since	these	place	names	refer	to	regions,	they	are	called	imprecise	regions.		In	
order to make these place names known to the geographic ontology, their boundaries first had to be 
delineated somehow. In SPIRIT the boundaries of these regions were derived by first mining the web 
for	documents	mentioning	such	regions,	then	geoparsing	and	georeferencing	occurrences	of	other	
place	names	in	such	documents	based	on	the	assumption	that	occurrences	of	place	names	in	docu-
ments	are	likely	to	be	spatially	autocorrelated.	Such	operation	permits	the	creation	of	a	large	pool	of	
candidate	locations	for	imprecise	regions.	Finally,	boundaries	for	the	regions	could	be	derived	from	
the	candidate	locations	using	a	variety	of	techniques	developed	by	SPIRIT	researchers	(Arampatzis	
et al.,	2006;	Purves	et al.,	2005).

	 The	geographic	ontology	is	used	both	at	the	pre-processing	stage	and	at	run-time	to	support	
spatial	search.	During	pre-processing,	the	geographic	ontology	helps	primarily	in	geo-parsing	of	web	
documents	and	organization	of	spatial	indexes	(cf.	Section	5.1.1).	At	run-time	(discussed	in	Section	
5.1.2),	the	geographic	ontology	helps	disambiguate	place	names	in	the	query,	spatially	expand	the	
query	and	provide	data	to	enable	ranking	of	retrieved	documents	(described	in	Section	5.1.5).	

5.1.4 Search Engine
	 Sifting	through	an	unstructured	500,000	pages	of	web	collection,	the	search	engine	(GLASS)	
facilitates	the	core	information	retrieval	functionality	accessing	the	pre-processed	indexes	(spatial	
and	textual)	to	obtain	the	best	match	to	the	user’s	query.	The	process	is	initiated	by	stemming	(using	
Porter	Stemmer;	Porter,	1980)	the	thematic	terms	and	stop	words	(e.g.,	“of”,	“the”,	“he”,	“that”).	Using	
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a	similar	measure	based	on	co-occurring	terms,	the	keywords	are	matched	with	the	inverted	index	
document	collection.	A	relevance	set	is	constructed	by	querying	one	or	more	terms	from	the	indexed	
document	collection	after	computing	a	similarity	score.	The	similarity	measures	used	in	the	GLASS	
engine	are	based	on	the	BM25	weighting	scheme	(BM	stands	for	Best	Match;	Robertson	et al.,	1998).	
The	same	weighting	scheme	is	also	found	in	the	Okapi	probabilistic	IR	system,	which	estimates	term	
frequency	as	a	Poisson	distribution	and	takes	into	account	inverse	document	frequency	and	docu-
ment	length.	BM25	is	based	on	three	sources	of	weighting	which	have	been	shown	to	be	useful	for	
different retrieval tasks (Joho, 2004; Sparck Jones and Willet, 1997):

Document frequency:	 terms	occurring	in	only	a	few	documents	are	likely	to	be	more	
useful	than	terms	occurring	in	many	documents.

Term frequency:	the	more	frequent	a	term	appears	in	a	document	the	more	important	it	
is	likely	to	be	for	that	document.

Document length:	a	term	occurring	the	same	number	of	times	in	a	short	document	than	
in	a	longer	one	is	likely	to	be	more	important	in	the	shorter	one.

	 The	resulting	set	of	candidate	documents	R	are	retrieved	by	mapping	or	intersection	of	the	
set	of	documents	which	lie	within	the	query	footprint	and	those	which	contain	the	thematic	terms	
matched	 as	 discussed	 in	 the	 earlier	 sections.	 A	 varying	 set	 of	 candidate	 documents	 R	 may	 be	 ob-
tained illustrating different order based on the type of indexing adopted such as T, ST or TS (cf. Sec-
tion	 5.1.1.2).	 This	 candidate	 set	 comprises	 of	 1,000	 documents	 obtained	 from	 the	 core	 search	 en-
gine,	which	are	forwarded	to	the	relevance	ranking	component	for	re-ranking	based	on	geographic	
relevance.	Only	key	functionalities	of	the	search	engine	are	explained	here.	An	in-depth	study	about	
search	engines	can	be	obtained	from	Joho	et al.	(2004),	Sanderson	&	Joho	(2004).

5.1.5 Ranking
	 Rank	has	evolved	as	a	measure	of	relevance	delivered	by	the	system	to	the	information	re-
quest.	“A rank is a score or distance to the query and the results are sorted by this score or distance”	(van	
Kreveld	et al.,	2004).	A	variety	of	ranking	mechanisms	varying	such	as	PageRank	(used	by	Google)	or	
Best	Match	are	adopted	by	commercial	search	engines,	which	are	proprietary	to	them.	While	com-
mercial	search	engines	focus	on	textual	relevance	only,	the	resulting	candidate	documents	are	ranked	
according	to	both	textual	and	spatial	relevance	in	the	SPIRIT	prototype.	For	a	query	such	as	“camping 
near Merdinger, Schwarzwald”	the	documents	would	ideally	have	a	score	for	the	query	term	“camping”	
and	a	score	for	the	proximity	to	“Merdinger,	Schwarzwald”,	implying	that	the	results	can	be	mapped	
on	to	a	point	in	a	2-dimensional	space,	where	both	axes	represent	a	score.

	 From	a	geo-spatial	perspective,	each	document	in	the	web	document	collection	is	represent-
ed	by	a	bag	of	footprints	following	the	grounding	of	the	web	locations	to	places,	and	a	query	is	also	
represented	as	a	footprint.	Depending	on	the	spatial	relationships	(geographic prepositions)	used	in	
the original query, different formulae are used to calculate footprint similarity scores between query 
and	document	footprints	(Table	5.4;	van	Kreveld	et al.,	2005).		When	all	footprints	in	a	document	are	
assigned	a	similarity	score	with	respect	to	the	query	footprint,	a	spatial	similarity	score	for	the	docu-
ment	can	be	calculated.

	 SPIRIT	incorporates	a	geographically	distributed	ranking	(van	Kreveld	et al.,	2005)	mecha-
nism which requires to define a spatial score based on the use of geographic locations associated 
with	the	web	documents	explicitly	in	two	coordinates.	In	addition	to	this,	there	is	also	a	term	score.	
For the query “Castles in Scotland” documents referring to two castles located in different directions 
but	with	the	same	distance	from	the	centroid	of	the	query	region	in	Scotland	are	ranked	consecu-

•

•

•
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tively. Different ranking possibilities exist based on the combination of textual terms, spatial terms, or 
a	textual	term	and	metadata	information.	SPIRIT	adopts	two	basic	distributed	ranking	methods	(van	
Kreveld	et al.,	2004,	2005):

Proximity to query: points close to the Query Q are favoured.

High spreading: Points farther away from already ranked points are favoured.

	 Furthermore,	 these	 two	 basic	 methods	 are	 extended	 by	 using	 staircase	 enforcements	 and	
limited	windows	methods	discussed	in	van	Kreveld	et al.	(2004,	2005).	Experimental	studies	have	
been	carried	out	to	indicate	that	both	requirements	for	a	good	ranking,	and	a	small	distance	to	query	
as	well	as	high	spreading	can	be	obtained	simultaneously.	The	experiments	revealed	that	staircase	
enforcement	methods	outperform	the	limited	windows	approach.

	 For	a	query	Q	i ,	the	following	procedure	is	adopted	to	produce	the	relevance	ranking	of	docu-
ments:

For	every	document	footprint,	a	footprint	similarity	score	is	produced	with	respect	to	the	
query	footprint	and	connector.

For	every	document,	a	document	spatial	similarity	score	is	produced	based	on	the	foot-
print	similarity	scores	of	all	the	footprints	contained	in	the	document.

Document	spatial	similarity	scores	are	usually	combined	with	textual	BM25	scores	into	a	
document	similarity	score.

Documents	are	ranked	in	descending	order	of	their	document	similarity	scores.

Table 5.4: Formulae used for footprint similarity score and geographic prepositions used in 
the query (van Kreveld et al., 2004)

1. Inside Binary operator defined between a query’s bounding-box and a docu-
ment’s	footprint	(MBR	or	centroid).	Coordinates	are	checked	for	con-
tainment.

2. Near Near (a,b) = exp(-L * D(a, b)),	 where	 a	 and	 b	 are	 the	 centroids	 of	 a	
query’s	 and	 a	 document’s	 footprint, D(a, b) is	 their	 Euclidean	 dis-
tance.	Thus,	proximity	scores	decrease	exponentially	from	1	to	0	with	
increasing	distance.	L	controls	the	rate	of	decrease,	or,	in	real-world	
terms,	“how	far	is	far”,	and	can	for	example	be	a	function	of	the	query	
footprint;	thus	for	example,	near	things	can	be	further	from	large	ob-
jects.

3. North-of, south-of, 
east-of, west-of

Assuming	that	a	and	b	are	the	centroids	of	a	document	footprint	and	a	
query	footprint	respectively,	and	that	psi	is	the	angle	of	the	vector	ba	
from	the	positive	x-axis	with	the	origin	assumed	on	point	b.	For	north-
of,	if	psi	>=	180	or	psi	<=	0	then	north-of (a,	b)	=	0,	otherwise	north-of 
(a,	b)	=	1	-	¦90	-	psi¦	/	90.	The	other	directional	operators	are	calcu-
lated	in	a	similar	manner.	Proximity	is	also	taken	into	account,	and	to	
obtain the final score they are multiplied with near(a,	b).

	 Table	5.4	details	the	formulae	used	to	calculate	the	footprint	similarity	scores	depending	on	
the	geographic	preposition	used	in	the	original	query.	Prior	to	the	combination	of	textual	and	spatial	
relevance	scores	to	generate	a	single	ranking,	they	are	normalized	into	the	range	[0,1].	BM25	scores	
can	be	quite	unpredictable	in	their	range	and	they	are	currently	normalized	linearly	by	dividing	with	

•

•

•

•

•

•
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highest	document	score	for	the	query.	Figure	5.10	illustrates	a	plot	of	both	spatial	and	BM25	scores	
for	 8	 documents.	 Table	 5.5	 illustrates	 some	 of	 the	 methods	 adopted	 to	 combine	 both	 spatial	 and	
BM25	score	into	one.	A	detailed	study	of	the	algorithms	and	ranking	mechanisms	are	reported	in	van	
Kreveld	et al.	(2005).

Figure 5.10: Plot of BM25 (textual) against spatial document scores and associated ranking 
for a distributed method (van Kreveld et al., 2004, Arampatzis et al., 2006)

Table 5.5: Methods adopted to combine spatial and BM25 scores (van Kreveld et al., 
2005)

1. Non-distributed	Method This	 method	 ranks	 the	 documents	 in	 ascending	 order	 of	
their	Euclidean	distance	from	point	(1,1)	that	is	assumed	
to	be	the	most	relevant	possible	document.

2. Distributed	Method This	method	tries	to	de-cluster	documents	that	have	almost	
the	same	score	components.	Figure	5.10	demonstrates	the	
distributed	method.

3. Angle-based	Distributed	
Method

This	 method	 tries	 to	 de-cluster	 documents	 that	 have	 al-
most	the	same	score	components	on	the	angle	of	a	yet	un-
ranked	point	to	the	ones	already	ranked.

4. Distance-based	Distributed	
Method

This	 method	 tries	 to	 de-cluster	 documents	 that	 have	 al-
most	the	same	score	components	on	the	distance	from	the	
already	ranked	documents.

5.1.6 Metadata
	 The	metadata	component	interacts	with	the	geographic	ontology	to	recognise	the	presence	of	
place	names	in	a	document	for	geotagging	of	the	web	documents.	The	metadata	component	attempts	
to	associate	the	documents	of	the	web	data	collection	with	one	or	more	document	footprints	repre-
senting	the	regions	of	space	to	which	individual	documents	relate.	In	SPIRIT	the	resulting	geotagged	
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collection	consists	of	about	900,000	documents	that	refer	to	parts	of	the	UK,	France,	Germany	and	
Switzerland.	This	is	used	in	generating	the	spatial	index	and	in	spatially	aware	relevance	ranking	(the	
ranking	component)	(Purves	et al.,	2007).

5.1.7 Results Display
	 An	elemental	approach	to	the	representation	of	retrieved	information	is	map	based	represen-
tation	of	the	document	footprints	and	corresponding	textual	lists	ordered	by	the	combined	ranking.	
By	 employing	 key	 cartographic	 visualization	 techniques	such	 as	 brushing	 and	 linking,	 correlation	
between	the	ranked	snippets	(textual	listing	of	the	URLs)	and	the	document	footprints	is	achieved.		
Figure	5.11	presents	a	snapshot	of	the	simple	map	based	representation	of	the	results.

Figure 5.11: Results presentation of the structured query interface. Each of the elements of 
this interface are described in pink boxes (Purves et al., 2005).

	 Brushing	and	Linking	(as	shown	in	Figure	5.12	and	Figure	5.13)	were	implemented	through	
Java	Script	with	mouse-over	events	on	the	map	or	the	list	of	returned	documents	resulting	in	the	cor-
responding	link	being	highlighted	by	colour	change	to	red.	Clicking	on	the	list,	or	on	a	map	symbol	
(stack)	when	the	select	tool	is	highlighted	(as	opposed	to	zoom)	results	in	opening	the	cached	version	
of	the	web	pages	(as	stored	in	the	SPIRIT	collection)	to	be	displayed.

	 It	is	non-trivial	to	display	multiple	query	results,	sharing	similar	footprints	at	the	same	loca-
tion. Two different approaches are explored, with simple map based representation adopting stacks 
or	cylinders,	whose	height	is	indicative	of	the	number	of	documents	in	them	and	all	subsequent	docu-
ments	highlighted	in	the	ranked	list.	Figures	5.12	and	5.13	illustrate	an	example	of	simple	and	graphi-
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cal	map	based	displays.	The	ranked	list	is	colour	coded	to	indicate	the	relevance	of	individual	docu-
ment footprints. After a number of iterations, this colour scheme was chosen to minimise conflict 
with	elements	displayed	by	the	map	and	to	maximise	readability.

	 Unlike	 the	 simple	 map	 based	 representation,	 the	 graphical	 map	 based	 representation	 em-
ploys a different approach. The results sharing similar footprints are represented as a ‘spider’ graph 
of	connected	circles	shown	 in	red	 in	Figure	5.13.	Possible	approaches	were	 investigated	 to	better	
reflect the positioning of the footprints within a document based on directional aspects, rather than 
representing	the	centroid	of	the	footprints	of	the	documents	as	a	single	orb.
	

Figure 5.12: Brushing and linking results for multiple documents with identical footprints 
(Purves et al., 2005).

	 To	serve	the	geographic	metaphor	of	the	users,	maps	have	been	exploited	as	a	medium	to	
transmit	 the	 information	 emphasizing	 its	 spatial	 aspects.	 However,	 without	 adequate	 background	
context,	they	may	be	of	little	value	of	the	map	representations	to	the	users.	In	choosing	background	
maps	(i.e.	base	maps	or	reference	maps)	there	is	the	requirement	of	appropriate	granularity	relative	
to	the	results,	that	is,	the	detail	presented	on	the	background	map	should	correspond	to	the	detail	
with	which	an	object	(i.e.	a	search	result)	is	located	on	the	map.	Furthermore,	consistency	in	the	sym-
bolization	used	in	mapping	should	be	such	that	the	foreground	(in	this	case	the	search	results)	are	
not	obscured.

	 This	consistency	is	achieved	by	mapping	the	granularity	of	indexes	to	that	of	the	background	
map	context,	which	is	relatively	coarse,	meaning	that	in	most	locations	documents	are	not	positioned	
with	 coordinates	 that	 are	 meaningful	 beyond	 the	 town	 level.	 The	 data	 for	 the	 four	 test	 countries	
France,	Germany,	Switzerland	and	the	United	Kingdom	have	been	indexed.	Based	on	the	earlier	analy-
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sis,	there	is	considerable	mismatch	when	compared	with	the	provision	of	higher	resolution	data	sets.	
For	each	of	these	countries	four	levels	of	details	(scales)	of	background	mapping	are	developed,	with	
gradually	increasing	amount	of	detail	(as	shown	in	Figure	5.14).	The	national	coverage	data	was	built	
by	using	Digital	Chart	of	the	World.	To	ensure	consistency	among	the	data	sets	and	representations,	
they	have	been	transformed	to	the	same,	common	(UTM)	projection.

Table 5.6: Scales for mapping in different countries (nominal resolution 72 dpi) (Purves 
and Yang, 2005)

S.No United Kingdom France Germany Switzerland

1. 1:7,261,309 1:7,155,012 1:5,995,273 1:2,725,523
2. 1:3,758,825 1:3,546,627 1:3,103,460 1:1,410,856
3. 1:1,517,426 1:1,431,713 1:626,163 1:569,539
4. 1:455,118 1:429,428 1:375,767

Figure 5.13: The graphical interface for the presentation of results for a query such as “Castles 
in Scotland”. The region of Scotland was selected by the user by defining the search polygon. 
Highlighting of document footprints that share the same location is achieved by drawing a 
‘spider’ graph of circles (in red).
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Figure 5.14: Background mapping for the United Kingdom (Purves et al., 2005).

	 At	the	time	when	the	SPIRIT	prototype	was	developed,	the	typical	minimum	screen	size	that	
could	be	assumed	was	800	x	600	pixels.	Hence,	in	all	cases	the	maps	were	designed	to	be	displayed	in	
a	400	x	400	pixel	window,	leaving	room	for	the	remaining	parts	of	the	user	interface.	Table	5.6	details	
the	scale	adopted	for	all	four	countries	with	a	nominal	resolution	of	72dpi.	Increasing	scales	were	
then	established	by	an	approximate	doubling	of	image	size	in	pixels.	For	two	selected	test	regions	in	
Edinburgh,	Scotland	and	Zurich,	Switzerland	data	with	nominally	higher	granularity	were	provided	
using	Tele	Atlas	data	to	achieve	a	detailed	backdrop	(as	shown	in	Figure	5.15).	Navigation	through	
these	levels	has	been	facilitated	through	panning	and	zooming	functionality.	Simple	tools	for	panning	
are	provided	through	screen	arrows	and	zooming	was	achieved	by	dragging	a	rectangular	box.	To	
switch	back	to	the	initial	state,	a	reset	button	is	provided	to	move	to	the	original	(full)	extent.
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Figure 5.15: Tele Atlas Data set illustrating the map background  for Edinburgh at the highest 
possible resolution (Purves et al., 2005).

5.1.8 Broker Component
	 Each	of	the	software	components	describd	above	exists	at	remote	sites	(at	the	universities	
of Cardiff, Sheffield, Utrecht and Zurich). They communicate via a functional interface called the bro-
ker component, which acts as a session manager, controlling and scheduling the information flow 
through	the	system	as	well	as	enabling	the	recording	of	all	steps	involved	in	processing	a	query	for	
monitoring	and	evaluation	purposes.	The	distributed	architecture	allowed	each	partner	site	to	devel-
op	and	maintain	each	of	these	components	individually.	For	instance,	the	geographical	ontology	was	
developed in Cardiff, the search engine in Sheffield, the relevance ranking component in Utrecht, and 
the	 user	 interface	 and	 results	 presentation	 in	 Zurich.	 Communication	 between	 these	 components	
was	achieved	by	using	SOAP	(Simple	Object	Access	Protocol),	a	light	weight	communication	protocol	
that facilitates interoperability using XML as the data serialization format (Purves et al.,	2007).

5.2 Summary
	 The	SPIRIT	prototype	system	presented	in	this	chapter	has	addressed	the	need	for	tools	to	
support	 the	 spatially	 aware	 information	 seeking	 process.	 Alternative	 interfaces	 such	 as	 the	 struc-
tured	query	interface	and	the	cartographic	interface	serve	to	transmit	the	information	request	to	the	
system.	Of	these	two	interfaces,	the	former	presupposes	that	users	have	knowledge	of	appropriate	
place	names	with	which	to	formulate	their	query,	and	the	latter	provides	assistance	to	inexperienced	
users	who	have	little	knowledge	of	place	names.
	
	 Map	backdrops	serve	to	address	a	number	of	tasks	in	a	cartographic	interface	such	as	que-
ry	formulation	(selecting	the	regions	of	interest	in	the	cartographic	interface),	query	reformulation	
(identifying	relevant	documents	to	the	user	and	re-submitting	a	query)	and	query	visualization	(dis-
playing	search	results	to	the	user).

	 The	simplest	possible	representation	of	these	results	obtained	from	the	SPIRIT	engine	is	by	
displaying	 them	 against	 a	 map	 backdrop.	 Each	 of	 these	 documents	 are	 represented	 by	 their	 foot-
print’s	centroid,	though	they	may	have	widely	varying	spatial	extents	(e.g.	the footprint of Switzerland 
vs. the footprint of the City of Zurich).	A	document	may	have	many	geographic	footprints,	of	which	

5.2 Summary
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usually	only	a	small	number	are	in	fact	relevant	to	a	query.	For	a	query	such	as	“McDonald’s in Zurich, 
Switzerland”	 emphasizing	 on	 the	 locational	 element	 of	 the	 query,	 Zurich,	 the	 spatial	 extent	 of	 the	
query	is	limited	to	the	region	of	Zurich.	But,	these	documents	may	also	refer	to	place	names	outside	
of	Zurich	(Switzerland)	or	Europe,	occurring	in	the	same	web	document.	The	relevance	ranking	com-
ponent of the SPIRIT prototype gives individually identified footprints a relevance score before com-
bining	the	thematic	and	spatial	relevance	score	of	the	entire	document	to	give	an	overall	relevance	
score	to	the	document	used	to	assign	its	position	in	the	ranked	list	(van	Kreveld	et al.,	2005).	Only	
those	footprints	that	are	considered	by	the	ranking	component	to	be	relevant	to	the	query	are	then	
displayed on the map. This constitutes a major difference between a spatially aware search engine, 
where	location	is	explicitly	used	in	ranking.	Documents	searched	are	unstructured	text,	for	a	search	
engine	where	locations	are	geo-referenced	but	searched	textually.

	 The	limitation	of	the	map	based	visualization	is	its	inability	to	accommodate	as	many	docu-
ments	as	possible	in	the	ranked	list.	Although	a	relevant	document	may	well	be	contained	in	the	top	
ten,	 the	ability	of	a	map	to	convey	information	about	many	more	footprints,	and	thus	many	more	
documents,	to	a	user	should	be	exploited.	Since	most	documents	have	identical	footprints	zooming	to	
any	level	of	detail	will	not	allow	them	to	be	visualized	independently	and	instead	we	adopt	two	tech-
niques	to	convey	their	locations	to	the	user.	Brushing	and	Highlighting	are	used	to	link	result	data	
sets	(URLs)	with	corresponding	footprints.	However,	footprints	still	obscure	each	other	and	must	be	
schematically illustrated (e.g. through a different symbol) to better convey information to the user. 
Also, one cannot rule out the possibility that the footprints of different documents relating to differ-
ent	concepts	overlap.		For	instance,	points	of	interest	at	a	certain	geographical	location	might	refer	
to	concepts	such	as	tourist	attractions,	museums,	restaurants,	castles	etc.	The	weaknesses	of	these	
basic	map	based	methods	of	results	display	suggest	that	other	approaches	should	be	investigated	and	
used.	The	next	chapter	will	therefore	introduce	a	variety	of	more	advanced	visualization	methods.
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“Visualization	and	belief	in	a	pattern	of	reality,	Activates	the	creative	power	of	Realization”

- A.L.Linall, Jr.U.S.Editor

Chapter 6

Exploratory Representation for Geographic Information Retrieved from the Internet 1��

	 One	of	the	primary	objectives	of	this	research	is	to	deliver	a	variety	of	functional	views	based	
on	the	user’s	need.	The	most	elementary	graphical	display	of	results	is	in	the	form	of	a	textual	list-
ing,	supported	by	relevant	footprints	from	the	document	on	a	map	(§ref.	Figure	5.11,	5.12	&	5.13).	
Documents	are	simply	represented	by	their	footprint’s	(geographic	extents)	centroid,	though	they	
may	have	widely	varying	spatial	extents	(e.g.	the	footprint	of	Switzerland	vs	the	footprint	of	Zürich).	
In	this	chapter	a	range	of	other	implemented	visualisations	of	the	geographic	information	retrieved	
from the internet are presented, all of which aim to address user’s differing geographic metaphors  ( 
Gould	and	McGranaghan,	1990;	Kuhn,	1995;	Rauterberg	and	Hof,	1995)	and	thus	address	the	issues	
of	spatially-aware	information	seeking	presented	in	earlier	chapters.

	 Footprints	have	evolved	as	a	medium	for	cataloguing	the	geographic	extent	of	information	
available on the web relating to a specific location. Given the cognitive and experiential aspects in-
volved	 when	 interacting	 with	 the	 various	 representations	 during	 the	 spatially	 aware	 information	
retrieval	process	(Spink,	2002),		the	need	for	tools	to	support	the	process	has	been	widely	acknowl-
edged	in	geovisualization	with,	for	example,	Kraak	(2001,	p.398)	pointing	out	that	such	tools	can	be	
used	“…	to explore data, and through that exploration to generate hypotheses, develop problem solu-
tions and construct knowledge”.	A	range	of	possible	representations	and	methods	to	visualize	the	re-
sults	were	presented	in	Chapter	4.	Numerous	factors	(Table	4.6)	have	shaped	the	query	and	display	
methods	that	were	implemented	in	this	work.

	 While	the	emphasis	is	on	spatialization	of	geographic	information	retrieved	from	the	inter-
net,	the	elementary	display	of	the	results	is	 in	the	form	of	a	textual	 listing,	supported	by	relevant	
footprints	from	the	document	on		a	map,	which	is	referred	to	as	map	based	representation	presented	
in	chapter	5.		Documents	are	simply	represented	by	their	footprint’s	(i.e.	geographic	extent’s)	cen-
troid,	though	they	may	have	widely	varying	spatial	extents	(e.g.	the	footprint	of	Switzerland	vs	the	
footprint	of	Zurich).	Footprints	have	evolved	as	a	medium	of	cataloguing	the	geographic	extent	of	the	
information available on the web relating to a specific location.  With map based representation as an 
elementary	form	of	representing	these	footprints,	documents	which	share	similar	footprints	are	rep-
resented	as	a	stack	and	regions	which	share	multiple	document	footprints	form	clusters.		Further-
more,	the	map	based	representation	limits	the	ability	to	exhibit	the	underlying	relationship	between	
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documents	and	their	footprints.	These	characteristics	of	the	result	sets	outlined	in	Table	4.6	stream-
lined	the	way	results	are	visualized,	to	investigate	alternative	visual	representations	that	help	users	
with the tools to explore differing aspects of results set.  The alternative representations presented 
in	this	chapter	engages	in	investigating	various	representation	that	serve	varying	functionality.	This	
chapter	sets	out	to	discuss	various	visualization	techniques	adopted	for	analysis	and	presentation	of	
the	data	and	is	structured	around	these	techniques	as	follows:

Density	surface	representations
Footprint based filtering
Cartogram
Spatial	activity	map	(mock-up	constructed	with	real	datasets)
Isoline	representation	(mockup	constructed	with	real	datasets)

6.1 Density surface representations
	 The	 spatial	 pattern	 of	 geographic	 extents	 (footprints)	 both	 within	 a	 document	 and	 the	 re-
lations	between	documents	makes	it	non-trivial	to	derive	boundaries	representing	the	nature	of	a	
results	set.	Thus,	a	surface	is	created	representing	imprecise	regions	that	somehow	represent	the	
extent	of	the	results	retrieved	with	respect	to	a	given	query.	The	following	special	cases	may	occur	
describing	the	characteristics	of	the	result	set	(geographic	extents).

Equal probability:	 any	point	has	equal	probability	of	being	 in	any	position	or	equiva-
lently	each	small	sub-area	of	the	map	has	an	equal	chance	of	receiving	a	point	(O’Sullivan	
and	Unwin,	2003).

Independence:	 the	positioning	of	any	point	is	independent	of	the	positioning	of	other	
points	(O’Sullivan	and	Unwin,	2003).

By	collapsing	the	geographic	extent	of	a	footprint	onto	its	centroid,	rather	than	its	geographic	extent,	
we	obtain	a	point	location	for	each	document	footprint	from	which	a	density	surface	can	be	calcu-
lated.

6.1.1 Method
 The point patterns obtained from the collapse of geographic extent can be effectively quali-
fied and quantified in terms of their orientation, density, relative distance, ranking and degree of  spa-
tial	randomness.	Point	pattern	events	under	complete	spatial	randomness	should	display	no	signs	of	
either first-order or second-order variations (O’ Sullivan and Unwin, 2003). 

	 	 O’Sullivan	and	Unwin	(2003,	p.79)	proposed	two	interrelated	approaches,	“based on 
point density and point separation: which are related to distinct aspects of spatial pattern of the first 
and second-order effects. Recall that first order effects are marked, absolute location, which is an impor-
tant determinant of observation, and in a point pattern clear variations across space in the number of 
events per unit area are observed. When second-order effects are strong, there is interaction between 
locations, depending on the distance between them, and the relative location, is important. In point 
patterns such effects are manifested as reduced or increased distances between neighbouring or nearby 
events”.	

Table 6.1: First  and second order effects (O’ Sullivan and Unwin, 2003)

First order Second order

1. The	 assumption	 of	 equal	 probability	 cannot	
be satisfied.

The	 assumption	 of	 independence	 cannot	 be	
satisfied.

•
•
•
•
•

•

•
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Table 6.1: First  and second order effects (O’ Sullivan and Unwin, 2003)

First order Second order

2. When the first order effects are marked, abso-
lute	 location	 is	an	 important	determinant	of	
observations,	and	in	a	point	pattern	clear	var-
iations	across	space	in	the	number	of	events	
per	unit	area	are	observed.

When second-order effects are strong, there 
is	 interaction	 between	 locations,	 depending	
on	 the	 distance	 between	 them,	 and	 relative	
location	is	important.

	 	 Kernel	density	estimation	is	a	statistical	method	of	creating	a	density	surface	model	
through	 the	 summation	 of	 weighted	 windows	 associated	 with	 each	 data	 point.	 The	 pattern	 has	 a	
density	at	any	location	in	the	study	region,	not	just	at	locations	where	there	is	a	data	point	(O’Sullivan	
and Unwin, 2003). Table 6.1 details the difference in first and second order effects which may influ-
ence	the	resulting	density	surfaces.	The	coverage	of	the	documents	obtained	from	the	result	set	over	
a	wide	area	means	that	the	system	is	well	suited	to	exploring	document	densities	over	space,	since	
over large geographic extents the search results are likely to accurately reflect the distribution of 
documents	in	space.	The	resulting	density	based	representation	shows	“hot spots”	of	incidence	and	
by	overlaying	the	surface	on	the	document	footprints	may	provide	useful	contextual	information.	

	 An	intensity	estimate	at	a	point	p	can	be	expressed	as	

where	C(p,	r)	is	a	circle	of	radius	r	centered	at	the	location	of	interest	p.

	 O’Sullivan	and	Unwin	(2003,	p.87)	state	 that	 “many sophisticated variations weight nearby 
events more heavily than distant ones in estimating the local density.  They are based on distance of the 
point to be estimated from events in the point pattern. These are always specified with a parameter that 
is equivalent to the simple bandwidth”.

 Figure 6.1 shows the density surface visualization for castles in a user specified region (Scot-
land)	by	drawing	a	query	polygon.	The	black	dots	indicate	the	positions	of	the	documents.	Table	6.2	
details the justification for the use of density estimation for SPIRIT result sets. However, this visuali-
zation	tool	only	supports	a	static	representation	of	search	results.	A	possible	application	of	this	tool	
is	in	the	tourism	domain,	to	explore	why	a	single	peak	was	so	prominent	and	whether	regions	with	
less	document	density	could	be	better	represented	on	the	web	or	the	topographic	conditions	of	the	
region	are	well	described.
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Figure 6.1: An example of a density surface representation for “castles” in a user specified 
region of Scotland, United Kingdom.

Table 6.2: Justification for the use of density estimation for collapsed geographic extents 
(footprint centroids) point data sets obtained from the SPIRIT engine.

Pros Cons

1. The	 high	 density	 areas	 in	 data	 can	 be	 read-
ily	seen.	Thus,	allowing	ease	of	exploration	of	
document	distribution	across	space

Requires	parameters	such		as	frequency	and	
bandwidth	to	be	set	correctly.

2. Summarizes	large	amounts	of	data. Difficult to compare analyses from different 
times	and	regions.

3. Gives quantified density measurements for all 
areas	in	the	region	in	a	single	graphic	view.

Doesn’t	use	administrative	boundaries,	mak-
ing it difficult to respond to these high den-
sity	areas.	

4. Can	infer	a	density	volume	at	any	location	of	
the	study	area,	not	just	a	footprint	centroid.

The	density	surface	is	calculated	over	a	map	
view	area	rather	than	the	political	or	admin-
istrative	boundaries.

5. Can	create	a	surface	representing	imprecise	
regions	 and	 derive	 boundaries	 of	 imprecise	
regions,	where	a	query	is	made	representing	
such	a	region.

The	 density	 surface	 does	 not	 take	 into	 ac-
ccount	the	combined	relevance	of	document	
footprints.

	

6.2 Footprint based filtering
	 A	prominent	characteristic	of	the	results	obtained	from	the	SPIRIT	engine	is	the	geographic	
extent	and	shared	position	of	the	footprints.	A	hypothesis	is	built	on	these	characteristics	that	the	
documents	with	a	few	or	single	scopes	with	narrow	geographic	extents	may	describe	a	single	loca-
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 6tion and be thematically well defined, while documents with multiple and large geographic scopes 
may	 typically	 describe	 an	 activity	 or	 activities	 that	 might	 be	 carried	 out	 in	 a	 region	 or	 a	 journey	
through	a	region,	facilitating	descriptive	information	in	general.	Furthermore,	locations	with	fewer	
documents	referring	to	them	are	more	unique,	and	thus	may	be	of	more	interest.

6.2.1 Method
	 Provision	to	explore	the	properties	of	geographic	extents	of	the	footprints	of	individual	docu-
ments and the relationships between documents is facilitated by interactive filtering, selection and 
highlighting.	Unlike	the	density	surface	representation	the	geographic	extent	of	the	footprint	is	re-
tained	as	bounding	box	rather	than	collapsing	it	into	a	point	based	on	the	centroid,	to	enrich	the	us-
er’s	understanding	of	the	geographic	scopes	of	each	of	the	footprints	and	the	documents	as	a	whole.	
Figures 6.2 and 6.3 demonstrate the interactive filtering technique, wherein users are equipped with 
tools	to	sift	through	documents	through	the	size	of	the	geographic	extent	of	the	footprints	and	the	
number	of	footprints	per	document.	In	addition	to	this,	basic	map	functionalities	such	as	zooming	
and	panning	are	also	supported.	

Figure 6.2: An illustration of footprint based filtering technique for a query “castles in Scot-
land”, highlighting footprints within a document illustrated as document footprint (candi-
date region).

 Varied perspectives are possible through the combination of the filtering mechanism provid-
ed by the two sliding bars to explore the search results, where documents and footprints are filtered 
based on the scale of refinement. The tool can thus be used to analyse web document coverage and 
nature	as	suggested	by	the	density	 tool	and	also	by	users	 for	 identifying	particular	 types	of	docu-
ments.

6.2 Footprint based filtering
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 6 6. Alternative Visualizations

Figure 6.3: An illustration of footprint based filtering technique demonstrating interactive 
filtering for a user’s selection of a few documents for a specific footprint (geographic extent); 
for the query “castles in Scotland”.

 Table 6.3 discusses justifications for the use of footprint based representations demonstrat-
ing	the	spatial	extent	of	the	footprint	and	its	representation.

Table 6.3: Justification for the use of footprint based representation demonstrating the spa-
tial extent of the footprints

Pros Cons

1. Overviews	of	document	and	footprint	cover-
age/spatial	extent

Complexity	in	understanding	and	readability	
due	to	overlapping	spatial	extents	with	 in	a	
document.

2. Allows the filtering of  documents by extent 
and	number	of	footprints

Represent	 documents	 whose	 true	 footprint	
is	either	a	point	or	a	polygon	as	a	rectangle,	
which	 implies	 a	 high	 degree	 of	 generaliza-
tion.

6.3 Cartograms
	 A	 density	 equalization	 approach	 widely	 known	 as	 cartograms	 or	 density-equalizing	 maps	
or	value-by	area	maps,	where	each	geographical	unit’s	size	is	proportional	to	some	thematic	count	
or weight with respect to the area (Dorling, 1996; Dent, 1998). Subsequent usage of effective legend 
design	and	clear	demarcation	of	each	geographical	unit	facilitates	visual	distinction	to	communicate	
to	the	users	the	shapes	of	enumeration	units	and	the	related	values	of	attributes.	Some	of	the	key	
constraints in the effectiveness of cartograms include preservation of geographic relationships and 
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 66.3 Cartograms

data that has sufficient variation to convey difference in the visual representation.

6.3.1 Method
	 Dorling’s	(1993)	algorithm	has	been	used	to	create	a	non-contiguous	cartogram	to	represent	
the	number	of	documents	in	a	geographic	unit	which	is	directly	proportional	to	the	size	of	circles	
(Fig	6.4).	The	program	runs	an	iterative	procedure	which	moves	overlapping	symbols	apart,	while	
drawing	neighbouring	cases	together.	In	doing	so	it	attempts	to	retain	the	contiguity	structure	of	the	
geographic	space.	

	 Brushing	and	linking	facilitates	exploration	of	the	relationships	between	document	counts	
and some pre-defined tessellation of space - in this case based on administrative units, retrieved 
from a Web Feature Server (WFS) on the fly, thus facilitating identification of regions and thus re-
finement of a search specific to a region.

Figure 6.4: An illustration of cartogram based representation for a user’s selection of a spe-
cific region for the query “castles in Scotland”. 

Table 6.4 Justification for the use of Dorling’s Cartogram 

Pros Cons

1. Provides	 a	 collective	 summary	 of	 the	 fre-
quency of the footprints in a specific geo-
graphic	unit.

Fails	to	present	a	detailed	perspective	associ-
ated to footprints in a specific region.

2. Theme	based	e.g.	The	population	density	of	
a specific geographic region.

Two	variables	can	be	used	to	demonstrate	its	
representation.

3. Creates	more	space	where	there	are	more	
documents.

Involves	 spatial	 transformation	 while	 main-
taining	limited	degree	of	geographic	accuracy.
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6.4 Spatial Activity Maps / Plots
 Activities like fishing, cycling, mountaineering or trekking are some of the common propo-
nents	expressed	in	the	user	queries.	Taking	part	in	such	activities	is	governed	by	the	availability	of	
the resources or infrastructure at a specific geographic location. 

Figure 6.5: An illustration of spatial activity plot ( a mock-up representation using real da-
tasets) depicting spatial hierarchy on the Y-axis and distance from the centroid of expressed 
region of interest (candidate region) for a query “resorts in Scotland, United Kingdom”.

	 	 There	has	been	growing	interest	in	integrating	human	activities	and	movements	in	
space	 and	 time	 in	 the	 social	 sciences,	 covering	 wide	 areas	 such	 as	 migration,	 residential	 mobility,	
shopping,	travel	and	commuting	behaviour	(Kwan	and	Lee,	2003	p.2).	Integrating	activities	into	visu-
alizations should allow users to better understand the usage of resources available at specific geo-
graphic	locations.	

	 	 Spatial activity can be defined as an enabled activity at a specific geographic location 
that	facilitates	the	usage	of	the	resources	necessary	to	carry	out	a	set	of	activities	of	interest	to	the	
user.	For	instance	in	a	query	such	as	‘biking in Black Forest, Germany’,	biking	refers	to	an	activity	that	a	
user wishes to perform at a specific geographic location, ‘Black Forest, Germany’.	The	results	obtained	
from	each	document	comprises	the	geographic	location	“Black Forest of Germany”.	It	is	evident	from	
the	example	that	relationships	are	often	geographically	localised.	In	association	to	this,	conceptual	
information is available for each of these geographic locations, which helps us in defining whether 
an activity is enabled with respect to the availability of resources at a specific geographic location. 
A	possible	activity	based	representation	would	incorporate	symbolisation	of	enabled	activities	and	
displaying	their	geographic	footprints.
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Figure 6.6: An illustration of spatial activity map using real datasets with symbols depicting 
the contextual details of each document for  a query “resorts in Scotland, United Kingdom”.

  Cai & Xue (2006) state that “an activity is the fundamental, meaningful unit of analy-
sis to understand the interacting relationships among human minds, artefacts and the environment. 
Activity includes not only external resources (people, artefacts, settings) but also internal and mental 
processes (goals and beliefs). Such constituents of activity are not fixed but can dynamically change as 
conditions change. Context-awareness means that the systems actively construct and update a model of 
the ongoing activity by sensing, communicating and interpreting changing conditions, resources and 
processes. Context adaptation takes the activity as the context inorder to infer what actions are to be 
taken to ensure the success of the overall activity”.		

	 All	of	the	visualizations	discussed	earlier	in	this	chapter	have	been	developed	to	demonstrate	
different techniques of visualizing the result set. With conceptual and spatial aggregation, new visual 
representations	can	enable	users	to	glean	knowledge	and	gain	deeper	insights	from	the	result	sets.	
We	chose	the	TouchGraph	visualization	technique	to	represent	such	relationships	because	of	its	abil-
ity	to	provide	a	high	level	of	interactivity	in	exploring	result	sets.	These	visualizations	aim	to	maintain	
uniformity	in	the	representation	of	results	based	on	containment	and	association	using	geographic	
prepositions	expressed	in	the	query	triplet	formulated	by	the	users.
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Figure 6.7: An example of spatial hierarchy and level of detail for the United Kingdom ob-
tained from SABE dataset. a). Region (level-1) b)Province (Scotland- level 2) c). County (level-
3) d). Ward (level-4)

 Figure 6.7 and Figure 6.8 illustrate the data sets at different resolutions defining a certain 
level	of	hierarchy	such	as	street	level,	ward	level,	county	level	etc	of	the	SABE	dataset	adopted	for	
background mapping. The scale of the representative datasets defines the granularity to which the 
results	sets	can	be	mapped	to	some	extent.	Figure	6.7	details	the	level	of	detail	upto	ward	level	for	re-
gions	within	Scotland	north	of	United	Kingdom.	Mapping	of	the	spatial	extents	of	the	footprints	with	
reference	to	the	available	dataset	enables	users	to	glean	knowledge	and	gain	deeper	insights	from	the	
result	sets.

Figure 6.8: A graphical illustration of spatial hierarchy of the Seamless Administrative Bound-
aries of Europe data sets demonstrating the political administrative district hierarchies.
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Table 6.5 Justification for the use of spatial activity maps/plots

Pros Cons

1. It helps in classification of result sets 
based	on	spatial	and	aspatial	aspects.

Requires domain specific ontologies to support such 
classification.

2. Usage	 of	 symbols	 to	 associate	 activity	
to	a	geographic	location	brings	in	visual	
distinction	on	a	map.

Each web document may refer to different contextu-
al information making it difficult to associate it with 
a specific symbols.

3. Requires	appropriate	levels	of	granular-
ity	for	both	contextual	and	spatial	data.

Non-trivial	 to	 authenticate	 the	 contextual	 informa-
tion on the web page referring to specific geographic 
location,	which	is	termed	information fallacy. (Wood	
et al.,	1989;	Walton	et al.,	1995)

	 Limitations	 in	 the	size	of	visual	displays	prompt	a	need	 for	abstract	representations	 to	re-
duce	information	clutter.	The	SPIRIT	engine	displays	100	documents,	ordered	by	a	combined	ranking	
mechanism	-	which	require	considerable	screen	real	estate	given	the	constrained	display	size	of	800	
x	600	pixels.	These	constraints	prompt	an	investigation	of	ways	to	aggregate	information	based	on	
three	themes	-	concepts,	geography	and	time.	Fredrikson	et al.	(1999)	state	that	data	characteristics	
typically	conform	to	predominantly	these	three	themes	and	depending	on	the	task	and	the	applica-
tion domain, aggregations of differing granularity can be performed. 

Conceptual aggregation: Conceptual classification of the results obtained from the SPIRIT engine 
can	serve	to	aggregate	objects	thematically.	A	similar	approach	has	been	demonstrated	by	Kartoo	
(www.kartoo.com),	Mooter	(www.mooter.com),	Touchgraph	(www.touchgraph.com),	SPIRE	(Beth	et 
al.,	1998	and	Miller	et al., 1998). Kartoo (www.kartoo.com) demonstrates a similar classification of 
documents based on concepts/contexts within each of the documents, facilitating ease of identifica-
tion	of	relevant	documents	of	interest	for	the	user.	Montello	et al.	(2003)	argues	that	“spatial informa-
tion systems benefit from application of knowledge of human conceptualization of space and place to 
system design”. A similar classification may serve to address user’s needs. For an information request 
such	as	“restaurants in Scotland”.	SPIRIT	returns	a	set	of	documents	ranked	based	on	combined	rel-
evance	(van	Kreveld	et al.,	2004)	and	the	results	are	visualized	on	the	map.	Conceptual	aggregation	
could	be	achieved	based	on	the	type	of	restaurants	such	as	Oriental,	Chinese,	Malaysian,	Mexican,	
Thai,	Italian,	Indian	etc.	or	based	on	the	characteristics	of	the	objects	searched.	However,	it	may	be	
argued that the conceptual aggregation cannot fully reflect the theme of the document, as it is evident 
that	the	semantic	or	contextual	heterogeneity	within	the	document	or	result	set	hinders	the	notion	
of	generalization.	

Geographical aggregation: Yip	&	Zhao	(1996)	present	a	computational	approach	for	hierarchical	
data	analysis	termed	as	spatial	aggregation,	where	neighbourhood	relationship	plays	a	vital	role	in	
spatial aggregation. A similar classification based on neighbourhood relationship (adjacency) and hi-
erarchy	at	the	street,	ward,	county	and	country	level	as	shown	in	Figure	6.8	and	6.9	details	the	scale	of	
representations	of	the	SABE	dataset	used	for	SPIRIT.	It	should	be	noted	that	the	geographic	extent	of	
the footprint may lie within the specified geographic extent of the user’s query or may well be spread 
across	higher	levels.	For	example:	for	information	request	such	as	“castles in Scotland, United King-
dom”,	the	geographic	extent	of	the	footprints	may	well	lie	within	the	geographic	extent	of	the	user’s	
query	or	may	well	be	spread	across	other	levels	as	shown	in	Figure	6.2.	Based	on	the	neighbourhood	
characteristics,	footprints	therefore	be	aggregated.	

Temporal aggregation: Another	 characteristic	 of	 the	 data	 obtained	 from	 the	 SPIRIT	 is	 temporal.	
Documents contain information related to the occurrence of a specific event at a specific instance 
of	 time	at	a	geographic	 location.	Herzog	(2003)	points	out	 that	 there	 is	growing	 interest	 in	using	
GIS	tools	to	try	to	uncover	exactly	where	the	news	is	happening.	News	sources	are	extremely	rich	in	
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information relating to events at a specific instance of time and at a specific geographic location. A 
further	aggregation	based	on	the	instance	of	time	discussed	here	is	achievable.	Understanding	the	
complexities,	these	aspects	can	be	investigated	in	future	work.

	 		 	 	 	 	 	 	 	 	 	Mapping	spatial	hierarchies	onto	a	conceptual	and	temporal	frame	of	reference	is	a	
non-trivial	operation.	A	simplistic	approach	is	adopted	to	identify	terms	closely	associated	with	some	
activity or resource available at a specific location helping us to define mappings and operations 
with in the same spatial hierarchical levels or between different levels. In an effort to define different 
levels	of	abstractions	both	on	geographic	and	conceptual	aspects,	the	datasets	are	abstracted	to	the	
mathematical	structure,	a	simple	force	directed	graph	is	constructed.

	 	 This	graph	comprises	of	nodes	and	edges,	where	the	nodes	represent	the	geographic	
footprint	and	the	relationship	between	these	nodes	are	expressed	based	on	the	spatial	relevance	and	
concepts	within	each	of	the	web	documents.	The	edges	connect	to	nodes	according	to	the	concept	
identified within the web documents. A number of graph drawing techniques which can be used 
to	automatically	visualize	the	data	are	used	to	generate	the	graph.	Subsequently	these	graphs	are	
mapped	onto	some	abstract	space	so	as	to	facilitate	ease	of	understanding	to	the	users.	

6.4.1 Symbolic integration
	 	 	 	 	 	 	 	 	 	 	 	Sometimes,	contextual	 information	available	in	the	web	documents	associated	with	a	geo-
graphic footprint does not reflect the kind of activity at that place of interest. However, data mining 
of	this	information	might	be	best	done	by	providing	visualizations	based	on	conceptual	relationships	
between	documents	with	the	same	geographic	footprint.

	 Each	geographic	footprint	is	associated	with	a	web	document,	which	in	turn	refers	to	some	
contextual information describing a set of possible activities that could be carried out at that specific 
location.	One	or	numerous	activities	could	be	carried	out	at	each	geographic	footprint.	Thus,	to	some	
extent context available in the web documents helps us in defining a spatial activity at that specific 
location.	

6.4.2 Clutter Reduction
 To improve the aesthetic appeal of the graph visualization, different algorithms are applied, 
of	which	Eades	 (1984)	Spring	Embedder	 is	a	well	known	 graph	drawing	 technique	and	has	been	
widely	adopted	for	visualizing	geographic	data	such	as	network	topologies	and	the	internet.	In	addi-
tion to these, different algorithms are applied to improve visualization of  data sets amenable to such 
visualizations	(Fruchterman-Rheingold	(1991),	Kamada-Kawai	(Kamada,	1988	and	Kamada	&	Kawai,	
1989).

	 A	mock-up	spatial	activity	map	is	created	with	the	assumption	that	each	document	describes	
a specific activity, which can be associated with a symbology.  Figure 6.6 illustrates a textual listing 
of	the	documents	according	to	their	combined	relevance	and	their	corresponding	footprints	repre-
sented	as	activity	(symbol)	plotted	on	a	decision	grid	(for	5x5Kms)	with	Y-axis	referring	to	the	spatial	
hierarchy X- axis illustrating the distance of the footprint from the centroid of the query footprint.  
Futhermore,	 users	 are	 also	 presented	 with	 a	 map	 based	 perspective	 of	 spatial	 activities	 over	 the	
defined region of interest. Experimental studies were carried out to understand user’s perception of 
this	visualisation	using	mock-ups	(Chapter	8).

6.5 Isoline representations
	 A	mock-up	visualization	is	constructed	using	real	data	sets	and	ranking	of	the	documents	us-
ing	a	query	such	as	“hotels or restaurants near Edinburgh Castle, Edinburgh, Scotland, U.K”	as	shown	
in	Fig	6.10.	With	footprints	in	each	document	sharing	similar	locations	and	their	occurrence	in	mul-
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tiple	documents,	isolines	can	be	used	to	demonstrate	the	spatial	variability	of	the	result	sets	where	
isolines are defined by footprints sharing the same value. Isolines were first proposed with the aim 
of	characterizing	the	points	with	the	same	relevance.	The	choice	of	appropriate	intervals	based	on	
the	relevance	score	of	each	of	the	footprint	can	allow	a	visual	perception	of	the	locations	of	relevant	
documents.	The	scale	of	the	map	governs	the	purpose	it	serves.	For	example,	a	small	scale	map	with	
constant intervals can turn out to be disadvantageous if territories with large differences in character 
are	represented	on	one	map	sheet.

6.5.1 Method
	 	 For	 a	 query	 “hotels or restaurants near Edinburgh Castle, Edinburgh, Scotland, U.K”,	
the	result	set	obtained	from	the	SPIRIT	engine	comprises	of	geographic	footprints	with	combined	
ranking.	The	result	set	are	plotted	on	the	map	of	Scotland,	U.K	and	isolines	are	constructed	from	the	
footprints	sharing	the	same	value	of	combined	relevance.	

Subsequent	colour	coding	mechanisms	are	adopted	for	visual	distinction	to	the	regions	of	high	in-
tensity.	A	supporting	legend	is	provided	to	decode	the	information	presented	in	the	mock-up.	The	
efficacy of such an visualization approach is evaluated and discussed in the experimental studies in 
Chapter	8.

Figure 6.9: An illustration of isoline representation: a mock-up visualization using real data-
sets obtained from the SPIRIT engine.
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Table 6.6 Justification for the use of isoline representation

Pros Cons

1. Isoline	 maps	 symbolize	 changes	 in	 (geo-
graphic	 relevance	 which	 are	 colour	 coded)	
through	the	use	of	isolines	linking	footprints	
with	equal	relevance.

Map users face difficulty in comprehending 
the	region	between	these	isolines,	which	re-
quires	visual	interpolation	and	can	be	prone	
to	estimation	errors.

2. Isolines	 are	 often	 successfully	 employed	 in	
identification and location of areas of maxi-
mum	 and	 minimum	 values	 (geographic	 rel-
evance	of	documents).

They	require	considerable	skills	 from	users	
to	interpret	the	result	presented	and	require	
constant	attention	to	decipher	it.

3. Isolines	imply	a	continuous	gradient	of	geo-
graphic	relevance	within	a	geographic	region	
or	 a	 hot	 spot.	 A	 particular	 geographic	 loca-
tion	may	or	may	not	have	a	similar	geograph-
ic	 relevance	 in	 comparison	 with	 any	 other	
adjacent	geographic	location	or	region.

This	 technique	 is	 often	 not	 useful	 in	 inves-
tigation	 of	 interrelationships	 that	 exist	 be-
tween different regions.

6.6 Summary
	 	 This	chapter	presented	potential	visualization	methods	with	adequate	analytical	ca-
pabilities	to	glean	through	the	information	retrieved	from	the	web.	Visualizing	spatially	aware	infor-
mation	retrieved	from	the	internet	is	an	important	but	non-trivial	problem,	with	varying	granularity	
and	complex	relationships	existing	between	individual	footprints	and	the	documents.		This	chapter	
has presented different visualization approaches that support analysis and interactive visualization 
of	the	geospatial	data.	Potential	approaches	demonstrated	here	include	density	surface	representa-
tion, footprint based filtering, cartogram techniques, spatial activity plots (mock-ups constructed us-
ing	real	data)	and	isoline	representation	(mock-up	constructed	using	real	data).	Possible	cases	have	
been identified based on the choices users embrace to deliver a functional view of their requirements 
demanded	for	the	SPIRIT	system.	Provision	of	interactivity	tools	to	support	and	increase	the	level	of	
explorability should not only enhance users ability to find information but also to understand the 
information	presented.

	 Table	6.7	summarises	the	strengths	and	weaknesses	of	the	various	representations	adopted.	
For	example,	density	surface	representations	facilitate	an	overview	of	document	distribution	across	
user selected regions, while the footprint based filtering details the individual document footprint 
coverage	as	well	as	the	spatial	extent	of	the	footprint.	Cartograms	presents	a	collective	summary	of	
the frequency of the footprints in a specific geographic unit i.e. an administrative unit. Both density 
surface representations and cartograms summarize the result sets, but the former can reflect docu-
ment distribution across user defined regions of interest while the latter presents a summary of the 
frequency	 of	 the	 documents	 within	 an	 administrative	 unit.	 Unlike	 the	 other	 two	 visualization	 ap-
proaches, footprint based filtering allows filtering of documents by extent and number.
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 66.5 Isoline representations

Table 6.7 Comparison of Strengths and Weaknesses of various representations adopted

No Density Surface 
Representation

Footprint based 
filtering

Cartogram Spatial activity 
Maps

Isoline

Pros

1. The	high	density	
areas	in	data	can	
be	readily	seen.	
Thus,	allowing	
ease	of	explora-
tion	of	document	
distribution	
across	space

Overviews	of	
document	and	
footprint	cov-
erage/spatial	
extent

Provides	a	col-
lective	summary	
of	the	frequency	
of	the	footprints	
in a specific geo-
graphic	unit.

It	helps	in	clas-
sification of 
result	sets	based	
on	spatial	and	
aspatial	aspects.

Isoline	maps	
symbolize	
changes	in	
(geographic	rele-
vance	which	are	
colour	coded)	
through	the	use	
of	isolines	link-
ing	footprints	
with	equal	rel-
evance.

2. Summarizes	
large	amounts	of	
data.

Allows	the	
filtering of  docu-
ments	by	extent	
and	number	of	
footprints

Theme	based	e.g.	
The	population	
density	of	a	spe-
cific geographic 
region.

Usage	of	sym-
bols	to	associate	
activity	to	a	geo-
graphic	location	
brings	in	visual	
distinction	on	a	
map.

Isolines	are	
often	success-
fully	employed	
in identifica-
tion	and	loca-
tion	of	areas	of	
maximum	and	
minimum	values	
(geographic	rel-
evance	of	docu-
ments).

3. Gives quantified 
density	meas-
urements	for	
all	areas	in	the	
region	in	a	single	
graphic	view.

Creates	more	
space	where	
there	are	more	
documents.

Requires	appro-
priate	levels	of	
granularity	for	
both	contextual	
and	spatial	data.

Isolines	imply	
a	continu-
ous	gradient	
of	geographic	
relevance	within	
a	geographic	
region	or	a	hot	
spot.	A	particu-
lar	geographic	
location	may	
or	may	not	
have	a	similar	
geographic	rel-
evance	in	com-
parison	with	any	
other	adjacent	
geographic	loca-
tion	or	region.

4. Can	infer	a	
density	volume	
at	any	location	
of	the	study	area,	
not	just	a	foot-
print	centroid.
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Table 6.7 Comparison of Strengths and Weaknesses of various representations adopted

No Density Surface 
Representation

Footprint based 
filtering

Cartogram Spatial activity 
Maps

Isoline

5. Can	create	a	
surface	repre-
senting	impre-
cise	regions	and	
derive	bounda-
ries	of	imprecise	
regions,	where	
a	query	is	made	
representing	
such	a	region.

Cons

1. Requires	param-
eters	such		as	
frequency	and	
bandwidth	to	be	
set	correctly.

Complexity	in	
understanding	
and	readability	
due	to	overlap-
ping	spatial	
extents	with	in	a	
document.

Fails	to	present	
a	detailed	
perspective	
associated	to	
footprints	in	a	
specific region.

Requires	domain	
specific ontolo-
gies	to	support	
such classifica-
tion.

Map	users	face	
difficulty in com-
prehending	the	
region	between	
these	isolines,	
which	requires	
visual	interpola-
tion	and	can	be	
prone	to	estima-
tion	errors.

2. Difficult to 
compare	analy-
ses from differ-
ent	times	and	
regions.

Represent	docu-
ments	whose	
true	footprint	is	
either	a	point	or	
a	polygon	as	a	
rectangle,	which	
implies	a	high	
degree	of	gener-
alization.

Two	variables	
can	be	used	to	
demonstrate	its	
representation.

Each	web	
document	may	
refer to different 
contextual	infor-
mation	making	
it difficult to as-
sociate	it	with	a	
specific symbol.

They	require	
considerable	
skills	from	users	
to	interpret	the	
result	presented	
and	require	con-
stant	attention	
to	decipher	it.

3. Doesn’t	use	
administrative	
boundaries,	
making	it	dif-
ficult to respond 
to	these	high	
density	areas.

Involves	spatial	
transformation	
while	main-
taining	limited	
degree	of	geo-
graphic	accuracy.

Non-trivial	to	
authenticate	
the	contextual	
information	on	
the	web	page	
referring	to	
specific geo-
graphic	location,	
which	is	termed	
information 
fallacy.(Wood	et 
al.,	1989;	Walton	
et al.,	1995)

This	technique	is	
often	not	useful	
in	investigation	
of	interrelation-
ships	that	exist	
between differ-
ent	regions.



Exploratory Representation for Geographic Information Retrieved from the Internet1�� Exploratory Representation for Geographic Information Retrieved from the Internet 1��

C
ha

pt
er

 66.6 Summary

Table 6.7 Comparison of Strengths and Weaknesses of various representations adopted

No Density Surface 
Representation

Footprint based 
filtering

Cartogram Spatial activity 
Maps

Isoline

4. The	density	sur-
face	is	calculated	
over	a	map	view	
area	rather	than	
the	political	or	
administrative	
boundaries.

5. Density	surface	
representation	
doesnot	take	
into	account	
combined/geo-
graphic	rel-
evance	of	the	
documents.

	 The	density	surface	representation	can	also	help	us	to	derive	boundaries	of	imprecise	regions	
by	 creating	 a	 surface	 representing	 imprecise	 regions	 as	 a	 document	 which	 may	 also	 include	 foot-
prints	referring	to	places	other	than	described	in	the	user’s	query	(candidate	region).	This	approach	
requires	parameters	such	as	frequency	and	bandwidth	to	be	set	and	unlike	cartogram	it	doesn’t	use	
administrative boundaries, making it difficult to respond to the high density areas i.e. the density 
surface	is	calculated	over	a	map	view	area	rather	than	by	using	political	or	administrative	boundaries.	
Although	cartograms	present	a	thematically-based	summary	(for	example	with	respect	to	museums)	
with	respect	 to	administrative	units,	 they	mask	detailed	 information	about	variation	within	 these	
administrative units. Footprint based filtering is complex, and may  have problems in terms of under-
standing	and	readability	due	to	cluttered	and	overlapping	spatial	extents	within	a	document.	With	all	
methods,	the	footprint	extent	adopted	here	depends	on	the	accuracy	of	the	geo-coding	process.

	 Unlike	density	surface	representations,	isoline	maps	represent	combined	relevance	(colour	
coded) within a geographic region. They help in identification of peaks and valleys, areas of maxi-
mum	and	minimum	combined	relevance	but	are	not	useful	in	investigation	of	the	interrelationships	
that exist between these different regions. 

 Spatial activity plots or maps helps in conceptual or spatial classification of result sets, de-
pending on the availability of domain specific ontologies populated within the geographic ontology. 
Each web document might refer to different contextual information for a specific geographic location, 
which	in	turn	increases	the	complexity	of	visualizing	this	information.	A	possible	solution	is	the	us-
age of generalised symbology that reflects the contextual information referring to that specific geo-
graphic	location	in	a	web	page.	

	 The	practical	usability	of	various	visualizations	demonstrated	here	need	to	be	assessed	by	
developing	a	comprehensive	user	study.	Subsequent	chapters	illustrate	such	a	framework	and	the	
calculation of empirical measures from these user studies to compare the effectiveness of various 
visualizations	adopted	to	represent	spatially	aware	information	retrieved	from	the	internet.
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Evaluation Methodology

reinforcing	theoretical	foundations	through	empirical	evidence

Exploratory Representation for Geographic Information Retrieved from the Internet 1��

Chapter 7

7.1 Underlying theories
	 	 Usability	is	a	general	quality	of	appropriateness	to	a	purpose,	ease	of	use	and	learn-
ability	any	system	serves	to	address	(Preece	et al., 2002). Measures of appropriateness of a specific 
representation	can	be	delivered	by	devising	a	model	to	assess	with	real	users.	These	measures	need	
to be unobtrusive in limiting the influence of the researcher. Several theories are in place, which lay 
emphasis	on	system	performance:	precision	and	recall	being	the	key	measures.	

	 Borlund	(2003)	presented	a	model	for	evaluating	interactive	information	retrieval	(IIR)	sys-
tems	that	not	only	aims	to	“facilitate the evaluation of IIR systems as realistically as possible with refer-
ence to actual information search and retrieval process, though still in a relatively controlled evaluation 
environment”	but	also	“to calculate the IIR system performance taking into account the non-binary 
nature of the assigned relevance assessments”.

	 The	 model	 presented	 by	 Borlund	 (2003)	 discusses	 the	 creation	 of	 a	 simulated	 work	 task	
situation	 that	 facilitates	 to	 capture	 the	 user’s	 perceptions	 and	 situational	 relevance	 or	 subjective	
relevance	(illustrated	in	Table	7.1).

	 It	has	been	strongly	argued	by	Borlund	(2003)	that	“cognitive and relevance revolutions re-
quire realism with reference to the formation of information needs, and relevance assessment proc-
esses”.	These	processes	are	subjected	to	an	individual’s	perception,	knowledge	and	adopted	strategy.		
The	‘interactive	revolution’	is	governed	by	system	feedback	and	spontaneous	reaction	(sensory	re-
sponses)	of	the	users.	
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Table 7.1: Borlund’s model for evaluating interactive information retrieval (Borlund, 2003)

No. Components of the experimen-
tal settings

Activities

1. Functional,	valid	and	realistic	set-
tings.

focus	group.
perceptions	and	feedback.
measure	to	record	multi-dimensional	and	dynamic	
relevance.

•
•
•

2. Simulated	work	task/use-case	
scenario

selection	of	information	source
problem definition.
objectives	&	strategies.
permute	the	order	of	the	search	jobs

•
•
•
•

3. Empirical	measures relative	relevance	assessment
Situational	relevance
Intellectual	topicality
Algorithmic	relevance

•
•
•

	 Winckler	et al.	(2004,	p.	167)	outlined	a	set	of	guidelines	that	were	employed	in	the	construc-
tion	of	simulated	work	task/use-case	scenarios,	emphasizing	on	task	abstraction	levels	aimed	to:

Produce unambiguous representation of user goals and intents as well as the logical decom-
position of sub-tasks required to accomplish that goal.
Define the rendering functions (how the application will be presented in the tasks) that must 
be checked during the evaluation.
Associate rendering functions to interaction mechanisms enabling the visualization.
Extract a set of possible scenarios.

	 Furthermore,	Winckler	et al.	(2004)	proposed	a	task	abstraction	method	detailing	the	level	
and	scope	of	each	task	and	how	the	experiments	need	to	be	organized	to	draw	meaningful	inferences	
of	the	same.	

Table 7.2 Task abstraction level and scope (Winckler et al., 2004 p167 )

Task	level Scope
Goal User	goals	and	intents
Abstract Generic	tasks
Interaction User	and	system	interactivity
Visual	presentation Rendering	functions	performed	by	the	application

	 These	theories	can	be	adopted	to	build	an	evaluation	framework	for	spatially	aware	informa-
tion	retrieval	systems,	which	focused	on	two	main	issues:

Considering	the	system	as	a	whole,	evaluating	the	spatially	aware	 information	seeking	
model	and	the	success	of	the	retrieval	(precision	and	recall)	by	a	measure	of	perceived	
relevance.	
Evaluation	of	various	visualization	methods	adopted	for	representing	the	spatially	aware	
information	retrieved	and	the	interactions	involved	in	accomplishing	the	tasks.	

	 Much	of	the	work	presented	here	focuses	on	the	perceived	relevance	of	the	geographic	infor-
mation	retrieved	and	on	drawing	usability	metrics	for	various	visualization	methods	adopted	for	rep-

•

•

•
•

1.

2.
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resenting spatially aware information retrieved. Preliminary evaluation studies regarding the first 
issue	have	been	carried	out	by	Bucher	et al.	(2005).	More	results	will	be	reported	in	Section	8.4.	The	
main	part	of	the	experiments	reported	in	Chapter	8,	however,	focus	on	the	second	evaluation	issue.

	 A	comprehensive	task	structure	is	drawn	with	respect	to	information,	learning	and	interac-
tion	spaces	for	the	SPIRIT	system,	facilitating	us	to	map	user	tasks	to	the	functionalities	of	each	of	the	
components or visualization variables. The workflow of the structured interface and the graphical 
interface	(advanced	interface)	provides	an	outline	of	 interactions	between	various	components	of	
the	SPIRIT	system	as	a	whole.	However,	this	limits	the	ability	to	explore	the	usability	of	various	func-
tionalities	and	interactions	involved	within	each	of	these	components.

7.2 Materials and Testing Environment
	 	 The	experiments	aimed	to	address	web-based	users.	Personal	computers	with	Pen-
tium IV configuration and Java plug-in enabled web browsers (Internet Explorer and FireFox/Mozilla 
)	 have	 been	 used.	 Figure	 7.1	 shows	 the	 evaluation	 framework	 (explained	 in	 detail	 in	 Section	 7.4),	
wherein	a	series	of	preliminary	pilot	studies	are	carried	out	as	dry	runs	prior	to	commencement	of	
the	actual	tests.	These	pilot	tests	helped	to	improve	and	consolidate	the	questionnaire	and	stream-
line the logistics of the experiments.  Furthermore, in an effort to help users during the self-learning 
phase,	tutorials	have	been	designed	so	that	users	can	learn	through	the	functionalities	of	the	SPIRIT	
systems	as	a	whole.	In	addition,	to	comprehend	an	individual’s	feedback	with	respect	to	the	design,	
functionality	and	learnability	of	the	SPIRIT	prototype	system,	the	WINCAM	2000	software	was	used	
to	document	their	spatially	aware	information	seeking	process	in	video	recorded	sessions.	

7.3 Focus groups
	 Valuing	multiple	perspectives	that	come	into	play	during	the	evaluation	phase,	participants	
with varied academic background, varied experience and exposure from different science disciplines 
were	included.	The	participants	shared	the	characteristic	of	using	geographic	data	regularly.	Due	to	
the	nature	of	the	studies,	individuals	invited	to	take	part	in	the	studies	were	not	expected	to	have	var-
ied	experience	and	exposure	to	the	usage	of	visualization	tools	but	rather	basic	geographic	domain	
knowledge.	For	instance,	the	academic	background	of	the	participants	selected	varies	from	biology	to	
geography.	In	particular,	the	number	of	participants	available	for	carrying	out	the	studies	is	crucial	to	
draw significance of the various experiments and questions addressed. Hence, the evaluation proce-
dure	was	originally	designed	to	obtain	around	30	participants	in	each	of	two	phases,	which	amount	
to	60	participants	in	total.	Eventually,	a	total	of	50	(26	+	24)	participants	actually	participated	in	the	
experiments	(i.e. 10 persons less than originally planned).

 The focus groups can be broadly classified into three categories:

Students (first year geography students)

Teaching	assistants	and	PhD	students	(with	considerable	level	of	geographic	
knowledge).

Experts (academic research staff in GIScience).

•

•

•
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Figure 7.1: Evaluation Framework

7.4 Procedure
	 An	experimental	design	is	touted	to	be	the	most	prominent	of	the	research	designs	against	
which	all	other	designs	are	validated.	A	well-constructed	design	is	probably	the	strongest	with	re-
spect to its internal validity, for it is at the core of all the cause and effect inferences. The objectives 
of	the	experiment	design	in	this	thesis	are	to	draw	usability	metrics	for	visualization	methods	and	
techniques	adopted	for	spatially	aware	information	retrieved	from	the	internet.	The	scope	of	the	de-
sign is to assess system capabilities identified in the requirements analysis (e.g. geographical query 
expansion, place name identification, disambiguation and the use of spatial relationships; cf. Table 3.22; 
3.23)	and	the	visualization	techniques	adopted	to	represent	spatially	aware	information	retrieved.
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	 	 Figure	7.1	outlines	the	evaluation	procedure	to	draw	meaningful	 inferences	on	the	
usability	of	various	visualization	techniques	adopted.	In	the	following	subsections	7.4.1	and	7.4.2	the	
elements	of	the	procedure	are	discussed.

7.4.1 Questionnaire design
	 To	 document	 users’	 qualitative	 and	 quantitative	 feedback,	 questionnaires	 are	 formulated	
through	a	number	of	 iterations.	An	 initial	discussion	of	 the	questionnaire	has	been	carried	out	 in-
volving	expert	system	designers,	leading	to	the	revision	of	the	questionnaire.		Two	pilot	studies	were	
carried	out	to	enhance	the	questionnaire.	Table	7.3	describes	the	participants	involved	in	the	pilot	
study.	Observations	are	drawn	with	respect	to	system	functionality,	performance	and	comprehension	
of	the	questions	posed.	

Table 7.3 Description of the participants involved in the design of questionnaire & (I,II) 
Pilot studies

User Occupation Research	Interests	&	Expertise
1. Ph.D.	Student	(I) GIScience, Spatial Cognition, Wayfinding
2. Ph.D.	Student	(I) GIScience,	LBS,	Map	Generalization
3. Ph.D.	Student(I) GIScience,	Map	Generalization
4. Research	Associate	(II) GIScience,	Map	Generalization
5. Ph.D.Student(II) GIScience,	Spatial	Cognition
6. Ph.D.	Student(II) GIScience,	IceSheet	Modelling
7. Ph.D.Student(II) GIScience
I-indicates first phase of pilot studies; II-indicates second phase of pilot studies. 

	 The	pilot	study	was	carried	out	in	2	iterations.	During	the	second	iteration,	factorial	design	
and	think	aloud	sessions	were	incorporated.	The	factorial	design	serves	to	address	the	evaluation	
of	multiple	variables.	Factorial	experiments	are	adopted	when	two	or	more	factors	are	tested,	each	
with	discrete	possible	values	whose	experimental	units	take	on	all	the	possible	combinations	of	these	
levels. Such an experiment allows studying the effect of each factor on the response variable, as well 
as the effects of interactions between factors on the response variable. A promising feature of this 
approach is that it allows the effect of several factors and even interactions between them to be de-
termined with the same number of trials as are necessary to determine any one of the effects by itself 
with	the	same	degree	of	accuracy.	(Box	et al.,	2005)	Appendix-H	details	the	factorial	design	adopted	
to impart a uniform learning effect, that is, in order to even out the learning effect that may occur as 
test	subjects	are	getting	increasingly	acquainted	with	the	SPIRIT	prototype	over	time.

	 For	objectives	such	as	assessing	various	factors	such	as	geographic prepositions, place name 
disambiguation, geographical query expansion etc.	in	total	7	participants	were	involved	in	two	pilot	
studies. The pilot studies were carried out using 7 real-world task scenarios, each reflecting the key 
factors identified to be assessed using simple and advanced interface (as shown in Table 7.5). The 
experiments	were	designed	for	60	subjects,	divided	into	4	groups	(I-IV)	each	of	which	were	assigned	
a	real-world	 task	scenario,	 in	random	order	so	as	 to	accumulate	around	15	respondents	 for	each	
real-world	task	situation	based	on	the	type	of	interface	expressing	the	user’s	interest	(i.e.	Graphical	
interface	vs.	Textual	interface/Structured	interface).	To	impart	uniform	learnability	of	visualization	
and	interactions,	a	cyclic	design	was	incorporated	as	shown	in	Table:	H.1	(Appendix-H),	enforcing	us-
ers	to	interact.	Six	possible	combinations	(3!	=	6)	involving	the	three	visualization	methods	density	
surface, footprint based filtering and cartogram techniques were used. 

	 	 In	addition	to	these	real	work	task	scenarios	presented,	two	additional	design	con-
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cepts	(Spatial Activity Maps/Plots - partially implemented & Isoline Representations - mock-ups with 
real data)	have	been	included	for	all	the	users	to	draw	qualitative	feedback.

	 Revisions	were	made	based	on	the	observations	and	insights	drawn	from	the	design	 itera-
tions.	The	number	of	real-world	task	scenarios	and	the	combinations	of	geographic	prepositions	had	
been	reduced	to	four	(4).	Table	7.4	illustrates	the	selected	set	in	bold	and	highlighted	with	a	light	grey	
background.		Scenario	III	has	been	assigned	to	all	the	groups	for	the	structured	query	interface,	while	
among	the	rest	of	the	groups	one	scenario	(II,	IV	or	VI)	was	assigned.	Which	means	that	the	users	
were	given	two	real	world	task	scenarios,	one	for	the	structured	query	interface	and	another	one	for	
the	unstructured	(graphical)	query	interface.	Appendix-J	details	how	the	questionnaire	was	designed	
and	presented	to	the	users.	Once	again,	note	that	all	the	groups	had	to	carry	out	scenario	III	during	
their	experiments.

Table 7.4 Real work task scenarios envisioned during the experiment design phase.

Scenario I II III IV V VI VII

Query Museums	
in	London

Cottages 
in “west 
of Scot-
land”

Hotels 
near Por-
tree

Moun-
taineer-
ing in 
Scotland

Restau-
rants	in	
Edinburgh

Biking 
south of 
London

Fishing	
west	of	
Wales.

Geo-
graphic 
preposi-
tion

in in near in in south of west	of

Interface Unstruc-
tured

Unstruc-
tured

Struc-
tured

Unstruc-
tured

Structured Unstruc-
tured

Unstruc-
tured

User 
groups

I,III II,IV I,II,III,IV IV,II III,I IV,II III,I

	 The	WINCAM2000	tool	has	been	used	to	track	users’	interactions	and	record	their	responses	
during	the	think	aloud	sessions	(video	recordings).	Participants	were	randomly	picked	using	a	sys-
tem	that	generated	random	numbers	between	1	and	60.

 Subsequent to the design iterations, 2 participants considered experts in the field of GIScience 
were	chosen	to	carry	out	initial	tests	to	assess	the	feasibility	and	to	analyse	the	initial	outcomes	of	the	
revisions.	Tutorials	were	provided	detailing	functionalities	and	snapshots	of	the	interface	and	pos-
sible	interactions.	Pilot test subjects were requested to criticise and identify critical questions necessary 
for better validation of visualization methods.	Additionally,	video	recording	sessions	were	carried	out	
to document their interactions and observations during each session. The following are the findings 
of	these	initial	tests:

Requirements of the Java Virtual Machine patch update made the UNIX based testing envi-
ronment inconvenient.
Strange behaviours of the interface were recorded on Macintosh platforms and also brows-
ers other than Internet Explorer. 
It is necessary to provide colour printed tutorials, to help better understand the colour 
schema adopted. 
Restructuring of the on-line help by introducing system functionalities first and bug de-
scriptions in the latter half was shown as necessary.
Redundancy in information needs to be removed, as conflicting messages were conveyed in 
the selection of a region (drop down) through graphical selection on the map. It has to be 
changed to “Select the Country”.

•

•

•

•

•
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Language and usage of terms have to be made simple and easily understandable to the 
subjects. 
The provision of zoom-out to the previous level would prove to be extremely useful.
The geographic extent needs to be clearly outlined in the tutorial.
Topics within the ‘coverage’ of the document collection and data limits (spatial extent and 
granularity of geographic data) of the SPIRIT final prototype need to be chosen. 

7.4.2 Evaluation Phase
	 The	 experiments	 were	 carried	 out	 in	 two	 phases:	 Unsupervised	 and	 supervised	 sessions.	
During	the	unsupervised	sessions,	participants	accomplished	their	objectives	on	their	own,	whereas	
in	supervised	sessions,	users	were	given	a	set	of	training	or	warm-up	exercises	similar	to	those	they	
would	encounter	during	the	test	and	that	involved	the	same	data	set	as	in	the	main	evaluation.	Que-
ries	addressing	the	key	system	functionalities	were	addressed	during	the	training	sessions.

	 The	 rigorous	 training	 sessions	 for	 simple	 and	 advanced	 interfaces	 were	 carried	 out	 using	
real-world	task	situations	such	as	“Checkpoint Charlie in Berlin, Germany”	and	“Fishing in Scotland, 
United Kingdom”.	The	training	sessions	 lasted	for	around	30	minutes.	The	queries	were	chosen	to	
demonstrate	the	spatial	extent	of	the	results.	

	 The	strategy	is	aimed	to	understand	the	impact	of	learnability	of	key	visualization	methods	
presented	to	the	users	to	represent	spatially	aware	information	and	to	draw	subsequent	inferences	
based	on	the	exposure	and	training	of	the	system	as	a	whole.	The	experiments	in	the	two	phases	were	
carried	out	as	follows:	

Pretest:	During	this	stage	qualitative	information	relating	to	the	user’s	background,	ge-
ographic	knowledge,	search	expertise	and	exposure	to	various	geo-web	based	services	
were	gathered.	Empirical	measures	were	captured	relating	to	the	users’	response.	
Self-learning:	Referring	to	the	SPIRIT	tutorial,	users	were	instructed	to	carry	out	real-
world	task	situations	for	a	time	span	of	15	minutes.	The	users	were	free	to	choose	any	
of	 the	 interfaces.	Supporting	 instructions	were	provided	 to	search	 for	either	 “hotels in 
Scotland”	or	“hotels near Glasgow”.	
Real-world tasks: Two different real-world task scenarios have been assigned to the us-
ers.	Each	for	the	simple	and	the	advanced	interface	respectively.

	 Prior	to	the	supervised	sessions,	an	initial	assessment	of	the	results	was	carried	out	to	gather	
an	initial	overview	and	understanding	of	the	results.	With	the	experimental	pattern	held	constant,	
the	supervised	sessions	were	carried	out	in	a	similar	fashion	as	the	unsupervised	sessions.

7.5 Defining user tasks
	 Understanding	 elementary	 tasks	 involved	 in	 the	 spatially	 aware	 information	 seeking	 proc-
ess	is	a	fundamental	step	towards	assessing	the	usability	of	each	of	the	visualization	methods.	This	
approach of identification of user tasks has profound impact on the way each of the visualization 
methods are perceived by the users. Chapter 3 has identified these elementary tasks through an 
exhaustive	series	of	experiments	outlining	 the	process	of	spatially	aware	 information	seeking	but	
hasn’t	associated	them	with	the	visualization	methods	and	techniques	adopted.	Table	7.6	presents	a	
comprehensive	task	structure	of	the	SPIRIT	system	based	on	the	task	typology	proposed	by	Cramp-
ton	(Table	2.4	in	Chapter	2).

•

•
•
•

•

•

•
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Table 7.5: Comprehensive task structure of the SPIRIT system, grouped by components and 
functionality. Subsequent mapping on to the information and interaction typologyies pro-
posed by Crampton (2002).

Phases/Task Interaction task 
(Crampton, 2002)

Functionality Example

Pre-retrieval
Query formulation

Textual Define Describe	the	place	name	
and	concepts	which	are	
required.

Enter	 a	 query	 “castles	 near	 Ed-
inburgh”.

Graphical Locate Describe	 a	 region	 of	
interest	 (polygon)	 and	
concepts	 which	 are	 re-
quired.

Drawing	 a	 polygon	 region	 for	
Edinburgh.

Define Describe specific terms 
and	how	they	are	used.

Define query term e.g. “castles”.

Relate Associate	concepts	with	
the	 region	 of	 interest	
specified as a polygon.

Spatial	 relations	 such	 as	 “near”	
or	“in”	or	“north	of”.

Associate Associate	place	name	to	
the	region	of	interest.

Draw	a	polygon	for	a	given	que-
ry	 (e.g:	 castles	 in	 the	 north	 of	
Scotland).

Rescale Scale	 to	 the	 required	
level of detail to define 
the	region	of	interest.

Identifying	 chalets	 near	 lake	
Windermere,	 England,	 users	
then	 zoom	 in	 to	 the	 required	
level	 of	 detail	 to	 express	 their	
region	of	interest	graphically.

Pan Navigate	 across	 the	 re-
gion	of	interest.

Identifying	 resorts	 along	 the	
lakes	 in	 the	 United	 Kingdom,	
a	 user	 browses	 or	 navigates	
through	the	map	for	lakes	at	the	
required	level	of	detail	to	identi-
fy	lakes	in		England	(Lake	Wind-
ermere)	and	Scotland	(Loch	Lo-
mond	 near	 Glasgow	 and	 Loch	
Ness	near	Iverness)

Scope Show	the	extent	of	geo-
graphic	 information	
space.

A	query	such	as	“Hotels	around	
Grampian	Highlands	in	Scotland”	
or	“Hotels	close	to	Ben	Nevis”

Retrieval Phase
Query	Expansion Expand Supplementing	terms	to	

meet	the	user’s	require-
ments	 either	 conceptu-
ally	or	geographically

Cities	 by	 the	 river	 Thames	 can	
be	 expanded	 to	 Cities	 by	 the	
river	Thames,	close	to	the	Cots-
wolds
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 77.5 Defining user tasks

Table 7.5: Comprehensive task structure of the SPIRIT system, grouped by components and 
functionality. Subsequent mapping on to the information and interaction typologyies pro-
posed by Crampton (2002).

Phases/Task Interaction task 
(Crampton, 2002)

Functionality Example

Diverge Changing	 the	 course	 of	
action	 either	 by	 a	 geo-
graphic	region	or	a	con-
ceptual	term

A	query	for	“Chalets	in	
Grampian	 Highlands	 near	 	 Ben	
Nevis,	 Scotland”	 can diverge 
to	 another	 geographic	 region	
of	 interest	 such	 as	 “Chalets	 in	
Cambrian	Mountains,	Wales”

Assign/	Associate Supplementing	 a	 term	
with a specific geo-
graphic	 location,	 ob-
tained	on	initial	query.

A	 query	 such	 as	 “Chalets	 in	
Grampian	 Highlands”	 can	 be	
supplemented	 with	 additional	
geographic	 references	 such	
as	 “near	 Ben	 Nevis,	 Scotland”	
changing	 the	 initial	 query	 to	

“Chalets	 in	Grampian	Highlands	
near	Ben	Nevis,	Scotland”.

Discriminate Excluding	terms	or	geo-
graphic	regions	by	visu-
al	comparison

Find	 “coal	 bearing	 areas	 in	
United	Kingdom”,	would	return:	

“ Scottish field in the Central 
Lowlands,	near	Newcastle,	Not-
tingham, Manchester, Cardiff”. 
Users	 can	 then	 glean	 through	
the results for a specific region 
such	 as	 England	 region	 of	 the	
whole	set	of	results	obtained.

Query	
Disambiguation

Select/Emphasize Choosing a specific 
place	name	within	a	list	
of	possible	matches.

“London,	U.K”
“London,	Ontario,	Canada”

Switch Change	 around,	 as	 to	 a	
new	order	or	sequence;	
conceptual	 or	 geo-
graphic

Choosing	 “London,	 Ontario,	
Canada”	 instead	 of	 “London,	
U.K”.

Correlate Correspond	 to	 a	 geo-
graphic	location	or	con-
cept	based	on	the	initial	
systems	response.

“London,	U.K”	vs.
“London,	Ontario,	Canada”

Query Refine-
ment

Emphasize/	Gener-
alize	/	Reveal

Cater	 to	 a	 popular	 pat-
tern	emerging	from	the	
results specific to a geo-
graphic	 location	 /	 con-
cept

For	“Cities	by	the	River	Thames”,	
we	 may	 obtain	 a	 number	 of	 re-
sults	 indicating	 Stratford-upon-
Avon,	Newcastle-on-Tyne.	Users	
shift	 their	 emphasis	 on	 these	
geographic	locations,	which	are	
close	to	river	Thames.
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Table 7.5: Comprehensive task structure of the SPIRIT system, grouped by components and 
functionality. Subsequent mapping on to the information and interaction typologyies pro-
posed by Crampton (2002).

Phases/Task Interaction task 
(Crampton, 2002)

Functionality Example

Switch Change	 over	 a	 pattern	
based	 on	 concept	 or	
geographic	location.

For	“Cities	by	the	River	Thames”,	
results	 obtained	 refer	 to	 Strat-
ford-upon-Avon,	 Newcastle-on-
Tyne. Users first select Stratford-
upon-Avon and find the results 
not	so	interesting	and	shift	their	
focus	 on	 to	 results	 about	 New-
castle-on-Tyne

Associate Make	 logical	 deduction	
based	 on	 the	 observed	
pattern	 with	 a	 concept	
or	 geographic	 location.	
Three types of associative 
attributes and expressions 
are identified (Chu & Zhang, 
1997): 1) simple associa-
tive attributes: attributes 
of relations in the current 
query. 2) extended associa-
tive attributes: attributes of 
relations introduced into the 
query by joins with existing 
relations; and 3) statistical 
associative information: ag-
gregate functions that are 
related to the main entity in 
the query.

For	a	query	such	as	“Airports	
in	Europe	that	can	land	AirBus	
/Boeing	787”.	The	outcome	of	
such	a	query	is	expected	to	list	
all	the	airports	in	europe	with	
a	runway	that	can	accomodate	
Boeing	787	or	Airbus	which	is	
a feature specific query associ-
ated	to	the	airport.	

Distinguish Make	 comparison	 of	
different patterns at 
different geographic lo-
cations.

For	“Cities	by	the	River	Thames”,	
results	 obtained	 refer	 to	 Strat-
ford-upon-Avon,	 Newcastle-on-
Tyne.	Users	compare	the	results	
obtained	 from	 these	 two	 re-
gions.

Discriminate Recognize	 or	 perceive	
the difference in the 
pattern	 and	 choose	
based	on	geographic	lo-
cation	or	concept.

For	“Cities	by	the	river	Thames”,	
results	 obtained	 refer	 to	 Strat-
ford-upon-Avon,	 Newcastle-on-
Tyne.	 	 Users	 discriminate	 the	
results	 based	 on	 the	 resources,	
pricing	 and	 proximity	 to	 river	
Thames.

Post-retrieval
Result Presentation
Textual	Listing Rank/order A	 relevance	 measure	

imparted	by	the	system	
and	 enforced	 on	 the	
user	 based	 on	 a	 set	 of	
formulated	measures.

A	simple	textual	listing	of	results	
for	 “Chalets	 near	 Lake	 Winder-
mere,	England”.
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 77.5 Defining User Tasks

Table 7.5: Comprehensive task structure of the SPIRIT system, grouped by components and 
functionality. Subsequent mapping on to the information and interaction typologyies pro-
posed by Crampton (2002).

Phases/Task Interaction task 
(Crampton, 2002)

Functionality Example

Categorize/Clas-
sify/Cluster

Group	the	results	either	
conceptually	 or	 geo-
graphically.

For	a	query	“Chalets	near	Lake	
Windermere,	 England”,	 they	
could	 be	 grouped	 based	 on	 fa-
cilities.

Associate/	Corre-
late	/	Outline

Correspond to a specific 
pattern	 and	 its	 associa-
tion	 with	 a	 geographic	
location.

Associate	“B&B”	to	“Chalets	near	
Lake	Windermere,	England”.

Browsable	sum-
maries

Snippets	 to	 draw	 an	
overview

Descriptive	 information	 avail-
able	for	each	result	for	a	query	

“Chalets	near	Lake	Windermere,	
England”.

Map	based	
representation

Associate,	cluster,	
locate	(proximity)

Correspond	 and	 group	
the	 results	 geographi-
cally.

Numerous	web	pages	referring	
to	 same	 geographic	 location,	

“Chalets	 in	 Grampian	 High-
lands”.

Categorize,	cluster,	
distinguish	(simi-
larity)

Grouping	 or	 assigning	
based on specific char-
acteristics

Grouping	 similar	 geographic	
footprints	 using	 a	 stack	 or	
graph

Reveal	(continuity) Occurrence	of	a	pattern	
across	 a	 geographic	 re-
gion.

Identify	wine	growing	regions	
in	europe	where	annual	rainfall	
is	between	432	mm	and	520	
mm	per	square	meter.

Correlate	(compo-
sition)

Correspond to a specific 
pattern	 and	 its	 associa-
tion	 with	 a	 geographic	
location

Identify	wine	growing	regions	
in	europe	where	gross	per	
capita	income	is	above	40,000	
Euros

Tabulate,	plot,	
structure,	trace

Structure	 results	 shar-
ing	a	same	location

Numerous	web	pages	referring	
to	the	same	geographic	location,	

“Chalets	in	Grampian	Highlands”	
are	stacked	or	represented	as	a	
graph.

Label,	symbolize,	
portray

A	descriptive	marker	for	
unique identification

Symbolization	based	on	com-
bined	relevance	using	stacks

Scale,	pan,	zoom,	
overview,	browse

Show	 relative	 extent	
based	 on	 user’s	 selec-
tion.

Zooming	to	the	required	level	of	
detail	to	select	the	region	north-
east	of	Scotland	for	checking	re-
sults	 of	 the	 query	 “Hotels	 near	
Portree,	Scotland”.
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Table 7.5: Comprehensive task structure of the SPIRIT system, grouped by components and 
functionality. Subsequent mapping on to the information and interaction typologyies pro-
posed by Crampton (2002).

Phases/Task Interaction task 
(Crampton, 2002)

Functionality Example

Generalize,	brush-
ing	&	linking.

Speak	 in	 generalities,	
visual amplification by 
association.

On selection of a specific stack 
on	 the	 map,	 the	 correspond-
ing	link/results	are	highlighted,	
indicating	 the	 result	 set	 and	
also	 correspondingly	 highlight	
documents	which	share	similar	
geographic	location

Density	Surface	
Representation

Identify,	locate,	as-
sociate,	cluster

Select	regions,	stipulate	
the	 position	 of	 an	 ob-
ject,	 place	 or	 event	 in	
relation to a specified 
object,	 place	 or	 events;	
make	 logical	 cause	
connection;	 grouping	
based on specific char-
acteristics.

Select	high-density	regions	and	
low-density	 regions	 spanned	
across	a	geographic	region.

Scale,	zoom,	pan,	
overview,	scope.

Navigate	 based	 on	 us-
er’s	selection.

Navigate	to	the	peak	density	re-
gions	on	the	map.

Highlight,	brushing	
&	linking

Visual amplification by 
association.

Highlighting	 geographic	 foot-
prints	by	using	dark	colour	dots	
on	 the	 density	 surface	 repre-
sentation.

Differentiate/ com-
pare

Compare	 between	 regions	
of	 high	 document	 density	 as	
shown	in	Figure	6.1.		The	region	
around	Glasgow	has	higher	doc-
ument	density	in	comparison	to	
the	region	of	Edinburgh.

Footprint	based	
filtering

Identify,	locate,	as-
sociate,	cluster.

Select	 regions	 and	 stip-
ulate	the	position	of	an	
object,	place	or	event	in	
relation to a specified 
object,	 place	 or	 event;	
make	 logical	 cause	
connection;	 grouping	
based on specific char-
acteristics.

Geographic	 footprint	 for	 Mc-
Donald’s	in	Zurich	would	be	lim-
ited	to	Zurich,	while	the	website	
of	McDonald’s	would	have	mul-
tiple	geographic	locations	span-
ning	across	Switzerland.

Scale,	scope,	zoom,	
pan,	overview,	
browse

Navigate	 based	 on	 us-
er’s	selection

Zooming	to	the	required	level	of	
detail	for	gleaning	through	geo-
graphic	 footprints	 for	 the	 	 re-
gion	of	Portree	in	the	northeast	
of	Scotland	
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Table 7.5: Comprehensive task structure of the SPIRIT system, grouped by components and 
functionality. Subsequent mapping on to the information and interaction typologyies pro-
posed by Crampton (2002).

Phases/Task Interaction task 
(Crampton, 2002)

Functionality Example

Highlighting	(in-
cluding), filtering 
(excluding),	corre-
late,	multiple	views.

Selective	 inclusion	 and	
refinement based on a 
set of criteria defined 
by	the	user.

Interactively	 select	 the	 geo-
graphic	footprints	based	on	the	
geographic	 scope	 of	 the	 docu-
ments	and	the	number	of	docu-
ments.

Cartogram Identify,	locate,	as-
sociate,	cluster.

Select	regions,	stipulate	
the	position	of	an	object,	
place	 or	 event	 in	 rela-
tion to a specified ob-
jects,	 places	 or	 events;	
make	 logical	 cause	
connection;	 grouping	
based on specific char-
acteristics.

Regions	 with	 high	 document	
density	have	larger	size	in	com-
parison	 to	 regions	 with	 lower	
document	density.

Scale,	scope,	zoom,	
pan,	overview,	
browse

Navigate	 based	 on	 us-
er’s	selection.

Zooming	to	the	required	level	of	
detail	 for	 Portree,	 in	 the	 north-
east	of	Scotland.

Highlighting	
(including), filter-
ing	(excluding),	
correlate

Visual amplification by 
association.

Corresponding	 selection	 of	 cir-
cle	to	highlight	the	results	from	
the	document	collection	ranked	
by	their	combined	relevance.

7.6 Empirical Criteria
	 Mere	statistical	system	performance	cannot	deliver	perceived	value	indicators	that	measure	
the	relevance	of	the	information	retrieved	or	presented	to	the	users.	Explicit	criteria	are	presented	
to evaluate the effectiveness of task performance in the user’s perception (which means context-spe-
cific criteria). Indicators of agreement and disagreement to a set of questions were established by 
using	a	5	point	Likert	scale	(ordinal	data),	which	is	often	called	a	summative	scale.	Sometimes	data	
from	Likert	scales	can	be	reduced	to	the	nominal	 level	by	combining	all	agreements	and	disagree-
ments	into	two	categories	of	“accept”	and	“reject”.	

        Different criteria are adopted at each level to assess the usability of specific visualization meth-
ods	and	techniques	with	respect	to	the	tasks	they	serve.	Similar	qualitative	criteria	are	adopted	for	
exploratory	 studies	 by	 using	 control	 questionnaires	 to	 understand	 the	 parameters	 when	 running	
through	real-world	situations.

Table 7.6: Empirical criteria adopted for comparing four (4) different visual representa-
tions (Map, Density, Footprint, Cartogram)

Questionnaire Criteria/ Interaction tasks

1. This	visualization	was	easy	to	use. Ease	of	use,	interactivity,	explorability.
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Table 7.6: Empirical criteria adopted for comparing four (4) different visual representa-
tions (Map, Density, Footprint, Cartogram)

Questionnaire Criteria/ Interaction tasks

2. It	was	easy	to	understand	the	infor-
mation	presented	by	this	interface.

Understandability,	information	presentation.

3. The	use	of	legends	and	annotation	
made	it	easier	to	understand	the	
visualization

Supporting	information	for	understanding	or	inter-
preting	the	information	presented.

4. The	use	of	colours	was	useful	and	
appropriate.

Distinction,	discrimination,	visual	relevance.

5. The	visualization	provided	a	good	
way	of	looking	at	the	results.

Multiple-view	capability,	understandability

6. Zooming	was	a	useful	tool	in	looking	
at	the	results.

Filtering	(excluding)	&	highlighting	(including),	sort-
ing	or	re-expression.

7. It was easy to find documents which 
shared	the	same	location.

Findability,	selection.

8. It	was	easy	to	get	confused	when	us-
ing	this	interface.

Counter	check	for	ease	of	use	and	understandability.

9. This	visualization	made	it	easy	to	
find the most relevant documents for 
my	task.

Filtering	and	highlighting.

10. Identify	the	regions	with	highest	
document	density.

Explorability	and	interactivity

11. It was easy to find the regions of the 
documents.

Explorability,	interacitivity,	highlight.

7.7 Summary
	 This	chapter	presented	a	framework	for	reinforcing	theoretical	foundations	through	empiri-
cal	evidence.	The	underlying	theories	help	us	design	an	evaluation	framework	that	allows	to	establish	
empirical	measures	for	assessing	the	practical	usage	of	various	visualization	developed	to	represent	
spatially	aware	information	retrieved	from	the	internet.	The	experiments	were	designed	to	accom-
modate	both	the	representative	and	communicative	component	according	to	Raper	et al.	(2002),	and	
test the interaction tasks proposed by Crampton (2002). In an effort to optimise the design of experi-
ments, several of iterations were carried out for the design and identification of the questionnaire 
used in the experiments, and to determine the relevant tasks to assess the different visualizations 
techniques	adopted.	

	 	 The	experiments	were	carried	out	in	three	phases	for	both	supervised	and	unsuper-
vised sessions: pre-test, self-learning, and real-world tasks. Each of these was serving different pur-
poses and addressed different objectives. In total four real-world task scenarios had been adopted 
and	each	of	the	visualizations	were	presented	in	a	random	cyclic	order	so	as	to	eliminate	bias	induced	
by a pre-defined order of representation. Furthermore, to document and analyse individual interac-
tions	a	few	users	were	randomly	selected	for	think	aloud	sessions.	Finally,	the	empirical	measures	
were drawn to assess the user-defined tasks. The subsequent chapter presents the results and in-
sights	drawn	from	the	experimental	studies.
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“As one explores phenomena or ideas at the frontiers of scientific knowledge it is the unex-
pected	that	provides	the	clues	to	guide	further	work”

- Lewis Wolpert 1929 : The Unnatural Nature of Science (1995)
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Chapter 8

 This chapter presents the results of the studies and discusses critical findings of the empiri-
cal studies carried out based on the framework presented in Chapter 7. We start off in Section 8.1 
with	some	preliminaries	about	the	participants	and	the	experiment	sessions	that	were	held,	includ-
ing missing values, participant profiles, time taken to complete tasks, and self-learning exercise. By 
far	the	most	part	of	the	results	will	be	presented	in	Section	8.2,	which	provides	the	results	of	the	
experiments	with	the	visualisation	techniques	implemented	in	the	SPIRIT	prototype	system.	This	is	
followed	by	Section	8.3,	where	the	results	of	experiments	with	mock-up	visualisations	are	reported.	
Additional	observations	of	think	aloud	sessions	are	summarised	in	Section	8.4,	 followed	by	initial	
findings in Section 8.5, and a summary in Section 8.6.

8.1 Preliminaries
8.1.1 Missing values
	 The	 responses	 gathered	 from	 the	 experimental	 studies	 are	 discussed	 to	 draw	 statistically	
significant measures of different visualizations adopted. In total, 50 participants carried out the ex-
periments	in	two	phases	(unsupervised-26	and	supervised-24).	Participants	responded	by	selecting	
an integer value along a Likert Scale of 1-5 to rate their confidence values, which refer to the level of 
agreement	(Strongly	Disagree-1	to	5-Strongly	Agree).	In	the	sample	of	50	participants	there	were	51	
missing	data	values	of	1800	total	(50	participants	x	9	questions	x	4	visualizations)	(97.17	%	com-
plete	of	1800	total).	Furthermore,	a	single	question	(about	zooming)	had	around	19	missing	data	val-
ues,	which	amounts	to	around	38	%	of	the	2.83	%	missing	data.	This	question	was	dropped	for	com-
parison between different visualizations. A detailed insight into the data samples collected reveals 
that	the	missing	data	values	are	spread	over	8	question	types	and	over	50	participants,	and	all	four	
visualizations.	For	analysis	purposes	these	were	considered	to	occur	randomly.	Robertson	(2001,	p.	
134)	discusses	various	approaches	to	this	problem	of	missing	data,	one	of	which	is	“replacing missing 
values with the mean. Most statistical software packages have an option that allows missing values to 
be replaced with the mean of the remaining values”.	Excluding	the	questionnaire	with	maximum	miss-
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ing	data	values	in	total	1.	78	%	(98.22	%	complete	data)	were	replaced	by	the	mean	response	of	each	
question	type.

8.1.2 Participant profiles and sessions
	 Valuing	varied	perspectives,	the	participants	involved	in	these	studies	were	drawn	from	var-
ied	academic	backgrounds	and	exposure	to	geographic	information.	Support	for	this	is	drawn	from	
statistics	regarding	the	use	of	paper	maps,	geo-web	services	and	search	engine	usage.	50	%	of	the	
users	involved	in	the	studies	had	familiarity	with	the	use	of	paper	maps,	while	72	%	of	them	used	
search	engines	such	as	Google,	Yahoo	etc.	daily.	Furthermore,	the	statistics	reveal	that	36	%	of	them	
used	geo-web	services	e.g.	Google	maps,	www.map24.com,	map.search.ch	etc.	In	addition,	statistics	
reveal that there has been no significant difference in responses between male (64 %) and female (36 
%)	participants	for	these	studies.	Table	8.1	details	the	statistics	of	the	respondents	involved	in	the	
SPIRIT	experimental	studies.

Table 8.1: Participants involved in SPIRIT experimental studies (Refer to CD:Descriptive 
Statistics)

Groups

Group-I Group-II Group-III Group-IV Total
15 11 10 14 50

Sex

Male Female
32 18

Scenario Combination

Simple inter-
face

Simple inter-
face

Advanced 
Interface

Advanced 
Interface

Hotels	near	
Portree

Mountaineer-
ing	in	Scotland

Biking	in	Scot-
land

Cottages	in	
Western	Scot-
land

26 24 25 25
Factorial Design

ABCD ACBD ACDB ADBC ABDC ADCB
8 11 7 8 8 8

Qualification

Diploma	stu-
dent

Academic	
teaching staff

Librarian PhD	Student Other(Please	
Specify)

Total

30 2 0 9 9 50

	 The	experiments	with	the	SPIRIT	prototype	system	were	organized	in	the	order	given	in	Ta-
ble	8.1	(refer	to	Appendix:	J	-	experiment	design)	drawing	responses	to	a	set	of	questions	addressing	
a	range	of	 issues	from	participants’	background,	self-learning	and	two	scenarios,	one	each	for	the	
simple	interface	and	one	for	the	advanced	visualization	interface	(see	Section	8.2).	Finally,	responses	
to	a	couple	of	design	mock-ups	were	sought	(Spatial	Activity	Plot	and	Isoline	representations;	see	
Section	8.3).	

8.1.3 Time taken to complete tasks
	 The	 process	 of	 spatially	 aware	 information	 seeking	 being	 non-linear	 in	 nature	 and	 drawn	
from	the	experience	of	the	early	stage	experiments,	experiment	design	and	pilot	studies,	15	minutes	
were	allocated	for	the	completion	of	each	section	as	it	is	non-trivial	to	document	the	amount	of	time	
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 8spent for the specific tasks. While the Phase-II users have been requested to document the amount 
of	time	taken	for	completion	of	each	section,	the	time	taken	by	the	participants	for	each	episode	on	
average	was	15	minutes.

8.1.4 Self-learning exercise
 In an effort to mobilise a broader understanding of the system functionalities, participants 
were	involved	in	a	self-learning	exercise	using	any	interface.	Thus,	learning	by	exploring.	Participants	
were	given	a	brief	set	of	instructions	detailing	possible	simple	queries	such	as	“hotels	in	Scotland”	
and	“hotels	near	Glasgow”.	Users	were	instructed	to	initiate	the	self-learning	exercise	using	the	sim-
ple	interface	and	then	move	on	to	learning	advanced	interface	functionalities.	Statistics	reveal	that	94	
%	of	the	participants	either	agree	or	strongly	agreed	that	it	had	been	easier	to	get	started	with	the	
system	and	initiate	an	information	request	given	the	exercise	(Table	8.2,	response:	1).	The	success	
of	the	search	interface	was	determined	by	the	ease	of	usage	and	understanding;	88	%	of	the	partici-
pants	either	agree	or	strongly	agree	(Table	8.2,	response:	2).

Table 8.2: Self learning phase descriptive statistics for simple structured interface for a 
query “hotels in Scotland” and “hotels near Glasgow”

N Miss-
ing	
val-
ues

Range Min Max Mean Std.
Devi-
ation

Skew-
ness

1.	It	was	easy	to	get	started	with	
the	system	and	make	my	query

50 0 3.0 2.0 5.0 4.46 0.67 -1.29

2.	It	was	obvious	what	to	type	in	
the different boxes of the simple 
structured	interface

50 0 3.0 2.0 5.0 4.38 0.75 -1.06

3.	The	list	of	spatial	relationships	
provided were sufficient

50 0 3.0 2.0 5.0 4.04 0.78 -0.60

4.Did you find the interface inter-
esting?

49 1 1.0 2.0 3.0 2.449 0.50 0.21

5. It was easy to find the locations 
of	documents	listed	to	the	right	of	
the	map.

49 1 2.0 1.0 3.0 2.53 0.61 -0.958

6.	The	background	mapping	was	
sufficiently detailed.

50 0 3.0 2.0 5.0 3.28 0.96 -0.182

7.	The	basic	map	functionality	
(pan,	zoom,	etc.)	was	easy	to	use.

50 0 3.0 2.0 5.0 4.10 0.99 -0.885

	 SPIRIT	 in	 essence	 is	 a	 system	 to	 support	 the	 spatially	 aware	 information	 seeking	 process,	
which is acquiring information related to a specific geographic location. Early stage studies have re-
vealed	that	often	these	geography	related	queries	are	expressed	in	the	form	of	the	triplets		“concept”, 

“spatial relation”, “geographic location”.	80	%	of	the	participants	either	agree	or	strongly	agree	that	
there	has	been	a	comprehensive	list	of	geographic	prepositions,	either	topological,	proximal	or	direc-
tional	that	the	system	supports.	A	few	notably	illustrated	the	possibility	of	neighbourhood	search	and	
the	combination	of	cardinal	directions	with	distance,	for	example,	maximum 10 km north of Glasgow 
(Table	8.2,	response:	3).	

	 44	%	of	the	participants	found	the	interface	quite	interesting,	while	54	%	found	it	“a	little	
interesting”	(Table	8.2,	response:	4).	This	can	be	explained	due	to	the	simple	nature	of	the	starting	
interface. 58 % of the participants expressed that it was easy to find the document footprints on the 
map	and	their	relations	with	the	ranked	result	sets	on	the	left,	while	34	%	expressed	that	it	was	“a	

8.1 Preliminaries
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little	easier”	(Table	8.2,	response:	5).	Maps	being	the	simplest	form	of	representation,	granularity	and	
context	serve	to	address	the	information	request.	52	%	of	the	participants	either	agree	or	strongly	
agree	 that	 the	 background	 information	 provided	 on	 the	 map	 was	 adequate	 enough	 to	 serve	 their	
purposes	(Table	8.2,	response:	6)	and	76	%	of	the	participants	either	agree	or	strongly	agree	that	
the	map	functionalities	have	been	adequate	enough	to	explore	the	required	resolution	or	granularity	
(Table	8.2,	response:	7).

8.2 Visualization Methods of SPIRIT Prototype
	 Prior	to	result	analysis	using	repeated	measure	ANOVA	discussed	in	the	sub-sections	below,	
an	overall	descriptive	statistic	has	been	carried	out	to	draw	holistic	insights	into	data	samples.	Table	
7.7	 details	 the	 empirical	 measures	 such	 as:	 ease	 of	 use/usefulness,	 information	 presentation	 and	
understandability,	role	of	supporting	aides,	colour	usage	and	appropriateness,	visual	distinction	(rel-
evance),	discrimination,	viewpoint	or	relativity,	granularity	and	context	(zooming),	locate/associate/
compare	and	relevance	as	a	measure	to	identify	documents.	

8.2.1 Repeated measures ANOVA
	 	A	detailed	analysis	has	helped	us	to	identify	which	of	these	empirical	measures	has	yielded	
significantly different responses. Supporting insights were drawn with simple main effects analysis 
which	is	carried	out	and	compared	with	the	response	for	each	empirical	measure	using	General	Lin-
ear	Model	Repeated	Measures.		Dykes	(2005,	p.657)	states	that	“the repeated measures ANOVA is a 
powerful way for accounting of user’s attention, motivation, learning (Keppel, 1982) because it takes 
into account the fact that there is more than one observation per subject, which can be used to supply 
information on the main effect of each factor. ANOVA tests the null hypothesis of no differences between 
population variances (or mean squares) of the performance variable measured for each task”.	Table	8.3	
details	the	advantages	and	disadvantages	of	adopting	Repeated	Measures	ANOVA.

Table: 8.3: Advantages and Disadvantages of repeated measures (Davis, 2002 p.2)

Advantages Disadvantages

1.	Individual	patterns	of	change	can	be	obtained	
using	this	method.

1.	 Analysis	 is	 complicated	 by	 the	 dependence	
among	 repeated	 observations	 made	 on	 the	
same	experimental	unit.

2.	Economizes	on	subjects. 2.	 The	 investigator	 often	 cannot	 control	 the	
circumstances	for	obtaining	measurements,	so	
that	the	data	may	be	unbalanced	or	partially	in-
complete.	

3.	The	subjects	can	control	the	outcome	variable	
can	be	measured	under	both	control	and	experi-
mental	conditions	for	each	subject.

3.	It	is	restricted	to	the	setting	in	which	the	re-
sponse	variable	is	normally	distributed	and	to	
which	the	data	is	balanced	and	complete.

4.	 By	 excluding	 between	 subject	 sources	 of	 vari-
ability	 from	 the	 experimental	 error,	 repeated	
measurement	 designs	 often	 provide	 more	 ef-
ficient estimators of relevant parameters than 
cross-sectional	 designs	 with	 the	 same	 number	
and	pattern	of	measurements.

4.	The	methodology	is	not	fully	developed		for	
continuous,	normally	distributed	outcomes	but	
it has drawn significant interests in active areas 
of	research.

5.	Reliable	data	can	be	collected	in	which	the	same	
subjects	are	followed	repeatedly		rather	than	in	a	
cross-sectional	study.

5.	 The	 practical	 application	 for	 methods	 of	 re-
peated	 categorical	 outcome	 also	 lags	 behind	
the	normal-theory	methods	due	to	 the	 lack	of	
readily	accessible	software.
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8.2 Visualization methods of  SPIRIT Prototype

 A repeated measure ANOVA with a significant level of 0.05 was applied using SPSS’s General 
Linear Model Analysis function. In addition to this, GLM Profile Plots ( Profile or Interaction Plots) 
were plotted for comparing marginal means. Each of the visualization line profiles indicate the esti-
mated	marginal	means	of	the	dependent	variable	(adjusted	for	any	covariates)	at	one	level	of	a	factor.	
This helps to show whether the estimated marginal means are increasing or decreasing for differ-
ent visualization profiles. Figure 8.1 (§ref. p.188) shows the profiles of different visualization types 
and	the	empirical	measures.	While	the	parallel	lines	indicate	a	shift	in	the	user’s	response.	Likewise,	
Figure 8.2 demonstrates that there are significant interactions between empirical measures and the 
different visualization types. 

 Figure 8.1 (§ref. p.188) illustrates that there are significant interactions between different 
visualization profiles (4) for information presentation & understanding, colour appropriacy and vis-
ual distinction of relevance, viewpoint and relativity, and identification of relevant documents. There 
is	a	slight	shift	in	the	mean	response	between	maps,	cartograms	and	footprint	based	visualization	in	
its	usefulness.	While,	the	mean	response	for	density	surface	representation	is	fairly	higher	because	
of	 its	ease	of	use	and	 information	presentation	and	understanding.	 Inferring	 that	 the	density	sur-
face	representation	provides	an	abstract	representation	of	the	spread	of	documents	over	a	selected	
window	region	described	by	the	users.	Each	of	these	visualization	methods	provides	a	good	way	of	
looking at the results, which is distinct and serves different purposes, inferences drawn from Figure 
8.1 (§ref. p.188) & 8.2 (§ref. p.189) show significant differences in empirical measures for viewpoint 
and	relativity.

8.2.2 Simple Main Effects
	 The	 results	 from	 the	 repeated	 measures	 ANOVA	 procedure	 estimates	 all	 of	 the	 main	 and	
average effects and interactions (generated using SPSS version 14.0). The results are organized by 
experimental	tasks	 introduced	in	Chapter	7	(Table:	7.7)	and	corresponding	visualization	methods	
adopted	to	accomplish	them.	Table:	8.4	displays	a	pair-wise	comparison	between	experimental	tasks	
and visualization methods adopted to accomplish them. Significant differences (p<0.05) have been 
identified for the 4 different visualization methods.  In some cases. This significant result, indicates 
that	the	sphericity	assumption	has	been	violated.	Sphericity	assumption	takes	into	account	the	vari-
ances	of	the	variables	are	equal,	which	is	not	true	in	this	case.	

	 Table	8.4	(§ref.	p.189)	presents	a	pair-wise	comparison	for	each	experimental	task	and	visu-
alization methods using the general linear model repeated measures. Key findings of the statistics 
presented	in	Table	8.4		(§ref.	p.189)	reveal	the	following:

It is to be noted that,  for the task: Ease of use (Usefulness) - significant differences have 
been identified between Density-Footprint and Density-Cartogram representations. 
Which	is	due	to	their	functionality	and	purpose	each	of	them	serves	to	address.	Density	
surface	representation	present	an	overview	of	the	spread	of	the	documents	over	a	geo-
graphic	region	while	the	Footprint	based	representations	present	the	scope/geographic	
extent	of	individual	footprints	within	and	between	documents.	Whereas	for	Cartogram	
they	present	the	number	of	documents	present	in	each	adminstrative	unit.	
While	for	the	task:	Information	presentation	and	understandability,	there	have	been	sig-
nificant differences in the users response between Map-Footprint based representations, 
Density-Footprint,	Density-Cartograms.	This	is	due	to	the	level	of	interactivity	and	explor-
ability	each	of	these	interface	provide	to	the	end	user.	
For the task: legends and annotations as supporting aides- there has no significant differ-
ences	in	the	users	response,	which	is	due	to	the	lack	of	appropriate	legends	available	to	
the users in the interface. Users had to dig through the HELP to learn about specifics of 
each colour schemes adopted for different visualization. 
The	usage	of	appropriate	colour	to	demonstrate	distinctiveness	based	on	relevance	has	
no significant difference in the users response, which could be due to the use of less di-
vergent	colour	scheme.	Having	used	a	more	divergent	colour	scheme	from	Colour	Brewer	

1.

2.

3.

4.
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Figure	8.2:	Interaction	plot	depicting	the	question	type	against	visualization	methods	and	user	
response	(GLM	mean	response)	for	each	empirical	measure.

8.2 Visualization methods of  SPIRIT Prototype

Table 8.4: Pair-wise comparison between experimental task * visualization methods using 
General Linear Model Repeated Measures.

(Experi-
mental 
task 
Ques-
tions)

(Visuali-
zation 
method) 
(I) dis-
play

(J) display Mean Dif-
ference 
(I-J)

Std.
Error

Sig.(a) 95% 
Confidence 
Interval for 
Difference 
(a)

95% 
Confidence 
Interval for 
Difference 
(a)

Lower 
bound

Upper 
bound

Ease	of	
use	(Use-
fulness)

Map Density -0.667 0.319 0.055 -1.35 0.017

Footprint 0.333 0.374 0.388 -0.468 1.135
Cartogram 0.333 0.422 0.442 -0.571 1.238

Density Map 0.667 0.319 0.055 -0.017 1.350
Footprint 1.00(*) 0.402 0.026 0.137 1.863

Cartogram 1.00(*) 0.324 0.008 0.306 1.694
Footprint Map -0.333 0.374 0.388 -1.135 0.468

Density -1.00(*) 0.402 0.026 -1.863 -0.137
Cartogram 0.000 0.378 1.00 -0.811 0.811

Carto-
gram

Map -0.333 0.422 0.442 -1.238 0.571

Density -1.00(*) 0.324 0.008 -1.694 -0.306
Footprint 0.000 0.378 1.00 -0.811 0.811
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Table 8.4: Pair-wise comparison between experimental task * visualization methods using 
General Linear Model Repeated Measures.

(Experi-
mental 
task 
Ques-
tions)

(Visuali-
zation 
method) 
(I) dis-
play

(J) display Mean Dif-
ference 
(I-J)

Std.
Error

Sig.(a) 95% 
Confidence 
Interval for 
Difference 
(a)

95% 
Confidence 
Interval for 
Difference 
(a)

Lower 
bound

Upper 
bound

Informa-
tion	pe-
sentation	
and	un-
derstand-
ability

Map Density -0.467 0.256 0.089 -1.015 0.082

Footprint 0.733(*) 0.330 0.044 0.025 1.442
Cartogram 0.133 0.256 0.610 -0.415 0.682

Density Map 0.467 0.256 0.089 -0.082 1.015
Footprint 1.200(*) 0.380 0.007 0.384 2.016

Cartogram 0.600(*) 0.273 0.045 0.015 1.185
Footprint Map -0.733(*) 0.330 0.044 -1.442 -0.025

Density -1.200(*) 0.380 0.007 -2.016 -0.384
Cartogram -0.600 0.363 0.120 -1.378 0.178

Carto-
gram

Map -0.133 0.256 0.610 -0.682 0.415

Density -0.600(*) 0.273 0.045 -1.185 -0.15
Footprint 0.600 0.363 0.120 -0.178 1.378

Legends	
and	Anno-
tations	as	
support-
ing	aides

Map	 Density 0.467 0.336 0.187 -0.254 1.188

Footprint 0.133 0.215 0.546 -0.328 0.595
Cartogram 0.533 0.291 0.088 -0.090 1.157

Density Map -0.467 0.336 0.187 -1.188 0.254
Footprint -0.333 0.374 0.388 -1.135 0.468

Cartogram 0.400 0.289 0.189 -0.221 1.021
Carto-
gram

Map -0.533 0.291 0.088 -1.157 0.090

Density -0.067 0.228 0.774 -0.556 0.423
Footprint -0.400 0.289 0.189 -1.021 0.221
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 8Table 8.4: Pair-wise comparison between experimental task * visualization methods using 
General Linear Model Repeated Measures.

(Experi-
mental 
task 
Ques-
tions)

(Visuali-
zation 
method) 
(I) dis-
play

(J) display Mean Dif-
ference 
(I-J)

Std.
Error

Sig.(a) 95% 
Confidence 
Interval for 
Difference 
(a)

95% 
Confidence 
Interval for 
Difference 
(a)

Lower 
bound

Upper 
bound

Colour	
Appropri-
ateness,	
visual	
distinc-
tion	for	
relevance

Map	 Density -0.133 0.133 0.334 -0.419 0.153

Footprint -0.067 0.118 0.582 -0.320 0.187
Cartogram 0.000 0.098 1.00 -0.209 0.209

Density Map 0.133 0.133 0.334 -0.153 0.419
Footprint 0.067 0.118 0.582 -0.187 0.320

Cartogram 0.133 0.091 0.164 -0.062 0.328
Footprint Map 0.067 0.118 0.582 -0.187 0.320

Density -0.067 0.118 0.582 -0.320 0.187
Cartogram 0.067 0.118 0.582 -0.187 0.320

Carto-
gram

Map 0.00 0-098 1.00 -0.209 0.209

Density -0.133 0.091 0.164 -0.328 0.062
Footprint -0.067 0.118 0.582 -0.320 0.187

Viewpoint	
or	Relativ-
ity

Map Density -0.200 0.175 0.271 -0.574 0.174

Footprint 0.133 0.274 0.634 -0.454 0.720
Cartogram 0.400 0.321 0.233 -0.288 1.088

Density Map 0.200 0.175 0.271 -0.174 0.574
Footprint 0.333 0.333 0.334 -0.382 1.048

Cartogram 0.600 0.306 0.070 -0.055 1.255
Footprint Map -0.133 0.274 0.634 -0.720 0.454

Density -0.333 0.333 0.334 -1.048 0.382
Cartogram 0.267 0.371 0.484 -0.529 1.063

Carto-
gram

Map -0.400 0.321 0.233 -1.088 0.288

Density -0.600 0.306 0.070 -1.255 0.055
Footprint -0.267 0.371 0.484 -1.063 0.529

8.2 Visualization methods of  SPIRIT Prototype
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Table 8.4: Pair-wise comparison between experimental task * visualization methods using 
General Linear Model Repeated Measures.

(Experi-
mental 
task 
Ques-
tions)

(Visuali-
zation 
method) 
(I) dis-
play

(J) display Mean Dif-
ference 
(I-J)

Std.
Error

Sig.(a) 95% 
Confidence 
Interval for 
Difference 
(a)

95% 
Confidence 
Interval for 
Difference 
(a)

Lower 
bound

Upper 
bound

Zooming	
(Granu-
larity	&	
Context)

Map Density 0.600 0.349 0.108 -0.149 1.349

Footprint 0.667 0.454 0.164 -0.308 1.641
Cartogram 0.933(*) 0.396 0.034 0.084 1.783

Density Map -0.600 0.349 0.108 -1.349 0.149
Footprint 0.067 0.300 0.827 -0.577 0.711

Cartogram 0.267 0.228 0.262 -0.223 0.756
Carto-
gram

Map -0.933(*) 0.396 0.034 -1.783 -0.084

Density -0.333 0.187 0.096 -0.734 0.067
Footprint -0.267 0.228 0.262 -0.756 0.223

Locate	or	
Associate	
or	Find-
ability

Map Density 1.00(*) 0.365 0.016 0.217 1.783

Footprint 0.200 0.341 0.567 -0.531 00.931
Cartogram 0.867(*) 0.274 0.007 0.280 1.454

Density Map -1.00(*) 0.365 0.016 -1.783 -0.217
Footprint -0.800 0.500 0.132 -1.871 0.271

Cartogram -0.133 0.363 0.719 -0-913 0.646
Footprint Map -0.200 0.341 0.567 -0.931 0.531

Density 0.800 0.500 0.132 -0.271 1.871
Cartogram 0.667(*) 0.270 0.027 0.087 1.246

Carto-
gram

Map 0.867(*) 0.274 0.007 -1.454 -0.280

Density 0.133 0.363 0.719 -0.646 0.913
Footprint -0.667(*) 0.270 0.027 -1,246 -0.087

Counter	
check	for	
usefulness	
and	un-
derstand-
ability

Map 	Density 0.067 0.371 0.860 -0.729 0.863

Footprint -0.133 0.291 0.653 -0.757 0.490
Cartogram -0.067 0.345 0.849 -0.806 0.672
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 8Table 8.4: Pair-wise comparison between experimental task * visualization methods using 
General Linear Model Repeated Measures.

(Experi-
mental 
task 
Ques-
tions)

(Visuali-
zation 
method) 
(I) dis-
play

(J) display Mean Dif-
ference 
(I-J)

Std.
Error

Sig.(a) 95% 
Confidence 
Interval for 
Difference 
(a)

95% 
Confidence 
Interval for 
Difference 
(a)

Lower 
bound

Upper 
bound

Density Map -0.67 0.371 0.860 -0.863 0.729
Footprint -0.200 0.262 0.458 -0.762 0.362

Cartogram -0.133 0.307 0.670 -0.791 0.524
Footprint Map 0.133 0.291 0.653 -0.490 0.757

Density 0.200 0.262 0.458 -0.362 0.762
Cartogram 0.067 0.358 0.855 -0.701 0.835

Carto-
gram

Map 0.067 0.345 0.849 -0.672 0.806

Density 0.133 0.307 0.670 -0.524 0.791
Footprint -0.067 0.358 0.855 -0.835 0.701

Relevant	
task	ac-
complish-
ment

Map Density 0.333 0.333 0.334 -0.382 1.048

Footprint 0.333 0.232 0.173 -0.165 0.832
Cartogram 0.400 0.423 0.36 -0.508 1.308

Density Map -0.333 0.333 0.334 -1.048 0.382
Footprint 0.00 0.324 1.00 -0.694 0.694

Cartogram 0.067 0.300 0.827 -0.577 0.711
Footprint Map -0.333 0.232 0.173 -0.832 0.165

Density 0.00 0.324 1.00 -0.694 0.694
Cartogram 0.067 0.384 0.865 -0.757 0.890

Carto-
gram

Map -0.400 0.423 0.361 -1.308 0.508

Density -0.067 0.300 0.827 -0.711 0.577
Footprint -0.067 0.384 0.865 -0.890 0.757

Based on estimated marginal means

* The mean difference is significant at the 0.05 level.

a Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

8.2 Visualization methods of  SPIRIT Prototype

might have thrown in significant difference in users response.
There has been no significant difference in users response for viewpoint or relativity 
throwing multiple perspectives serving different purposes.
Zooming (Granularity and Context) statistics reveal that there have been significant dif-
ferences	in	the	users	responses	for	Map-Cartogram,	which	is	due	to	the	constant	changing	
granularity	and	context	as	the	user	moves	through	various	zoom	levels	using	Map	based	
representations,	while	Cartogram	provide	only	an	overview	of	the	frequency	of	the	docu-
ment	footprints	within	an	administrative	unit.	

5.

6.
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Significant differences(p<0.05) have been identified for the tasks to locate or associate 
or find footprints between and within individual documents for Map-Density, Map-Car-
togram	 and	 Footprint-Cartogram,	 based	 representations.	 This	 is	 primarily	 due	 to	 the	
level	of	interactivity	each	of	these	visualizations	facilitate	to	the	users.	Map	and	Footprint	
based	representations	provide	fairly	higher	level	of	interactivity	in	comparison	to	Density	
and	Cartogram	based	representations.	
Finally, there has been no significant differences (p<0.05) for counter-check for useful-
ness	and	understandability	and	for	relevant	task	accomplishment.

8.2.2.1 Within subjects
a) Ease of Use
	 One	of	the	prominent	measures	for	any	visualization	is	the	ease	of	use	that	indicates	
numerous	other	parameters	such	as	ease	of	interaction,	understanding	and	explorability	of	
visualization	methods	presented	to	the	users.	

 The results signify that of the four different visualizations (Map, Density, Footprint 
and	Cartogram),	respondents	found	that	the	Density	surface	representation	is	easier	to	use.	
86%	of	the	respondents	either	strongly	agree	or	agree	that	density	surface	representations	
are	easier	to	use	in	comparison	to	other	visualizations	as	shown	in	Table	8.5.	Supports	for	
these inferences are drawn from the higher mean and significance in comparison to other 
visualizations	(Map,	Cartogram	and	Footprint).	Table:	8.4	and	Appendix-	CD	-Simple	Main	ef-
fects (refer to enclosed CD- Simplemaineffects.pdf file)  illustrate the mean and significance 
of	response	against	various	visualizations.

Table 8.5: Empirical criteria-ease of use vs different visualizations (General Linear 
Model- Repeated Measures- WithinSubjects)

Question	The	visualization	was	easy	to	use	? Mean Std.Devia-
tion

N

Graphical	Map	based	representation
(2	%-	Strongly	Disagree,	14%-Disagree,	26%-	Neu-
tral,	50%	-	Agree)

3.48 0.90891 50

Density	surface	representation
(2%-Disagree,	12%-	Neutral,34%-Strongly	Agree,	
52%-	Agree)

4.36 0.77618 50

Footprint	based	representation
(4%-	Strongly	Disagree,	30%-Disagree,	16%-	Neu-
tral,	44%-	Agree)

3.2654 1.06475 50

Cartogram	representation
(6%-	Strongly	Disagree,	16%-Disagree,	26%-	Neu-
tral,	40%-Agree,	10%-Strongly	Agree)

3.3266 1.05729 50

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

b) Information presentation and understandability

	 Participants	 responded	 that	 it	 was	 easier	 to	 understand	 information	 presented	 in	
density	surface	representation	in	comparison	to	other	visualizations	(Map,	Cartogram	and	
Footprint).	Statistics	reveal	that	84%	of	the	respondents	either	strongly	agree	or	agree	that	
information presented using density surface representations is effective as the representa-
tions provides a summary of the density of documents for specific geographic regions in the 
map	view	(Detailed	statistics	are	shown	in	Table	8.6)

7.

8.
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Table 8.6: Empirical criteria -information representation and understandability for 
different visualizations (General Linear Model- Repeated Measures- Within sub-
jects)

Question:	It	was	easy	to	understand	the	informa-
tion	presented	by	this	interface	?

Mean Std.Devia-
tion

N

Graphical	Map	based	representation
(2	%-	Strongly	Disagree,	8%-Disagree,	30%-	Neu-
tral,	54%	-	Agree,	6%-	Strongly	Agree)

3.354 0.81341 50

Density	surface	representation
(4%-Disagree,	12%-	Neutral,44%-Strongly	Agree,	
40%-	Agree)

4.24 0.82214 50

Footprint	based	representation
(6%-	Strongly	Disagree,	30%-Disagree,	32%-	Neu-
tral,	20%-	Agree,	10%-	Strongly	Agree)

2.9796 1.07835 50

Cartogram	representation
(2%-	Strongly	Disagree,	20%-Disagree,	18%-	Neu-
tral,50%-Agree,	8%-Strongly	Agree)

3.4286 0.96890 50

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

c) Legends and Annotations as supporting aides

 There has been relatively little significant difference in the user’s response with re-
spect	to	the	usage	of	legends	and	annotations	as	supporting	aides	for	inferring	information	
presented in different visualizations. It should be noted that the legend and annotation de-
tails	have	been	presented	with	respect	to	the	map	based	representations	in	the	HELP/Tuto-
rial	provided	to	the	users.	Based	on	the	observations	during	the	experiments	participants	
when confronted to decipher information within a specific visualization had spent an ample 
amount	of	time	going	through	the	HELP/Tutorial	handbook	provided.	While	users	in	the	su-
pervised sessions are trained with respect to the specifics of each of visualizations. It should 
be noted that there has been no legend and annotation provided for different visualizations 
namely	Density,	Footprint	and	Cartogram	representations.	However,	its	impact	on	the	under-
standability	and	ease	of	use	can	be	helpful	for	map	based	representations	by	analysing	the	
results	for	supervised	sessions	(as	shown	in	Table	8.7).	In	total	56%	of	the	participants	either	
strongly	agree	or	agree	that	legends	and	annotations	have	been	useful	as	supporting	aids	for	
understanding	the	information	presented	in	Map	based	representations.

Table 8.7: Empirical criteria- Legends and Annotation as supporting aides vs Differ-
ent visualization. (General Linear Model- Repeated Measures- Within Subjects)

Question	The	use	of	legends	and	annotations	made	
it	easier	to	understand	the	visualization	?

Mean Std.Devia-
tion

N

Graphical	Map	based	representation
(10%-Disagree,	32%-	Neutral	48%-	Agree,	8%	

-	Strongly	Agree)

3.5510 0.78406 50

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

8.2 Visualization methods of  SPIRIT Prototype
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Table 8.7: Empirical criteria- Legends and Annotation as supporting aides vs Differ-
ent visualization. (General Linear Model- Repeated Measures- Within Subjects)

Question	The	use	of	legends	and	annotations	made	
it	easier	to	understand	the	visualization	?

Mean Std.Devia-
tion

N

Density	surface	representation
(8%-	Strongly	Disagree,	12%-Disagree,	42%-	Neu-
tral,28%-	Agree,	8%-	Strongly	Agree)

3.1632 1.01714 50

Footprint	based	representation
(2%-	Strongly	Disagree,	14%-Disagree,	26%-	Neu-
tral	46%-	Agree)

3.4584 0.90257 50

Cartogram	representation
(6%-	Strongly	Disagree,	20%-Disagree,	32%-	Neu-
tral	36%-	Agree,	2%-	Strongly	Agree)

3.0832 0.94401 50

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

d) Colour usage and Appropriateness

	 Colour	 scheming	 has	 been	 a	 medium	 for	 visual	 depictions	 to	 show	 relevance.	 The	
documents	 with	 higher	 relevance	 are	 visualized	 using	 bluish	 grey,	 while	 documents	 with	
lower	 relevance	 are	 visualized	 using	 a	 lighter	 grey	 colour.	 	 Similarly,	 visual	 distinction	 of	
the	footprints	or	documents	highlighted	by	the	users	is	achieved	by	colour	coding	it	as	red.	
Of the four different visualizations, density surface representation reveals relatively higher 
response	value	with	respect	to	other	visualizations.	Demonstrating	the	regions	with	higher	
density	or	peak	colour	coded	with	bluish	grey	and	valley	colour	coded	with	light	grey.	78%	of	
the	participants	either	strongly	agree	or	agree	that	the	colour	usage	was	appropriate	in	Den-
sity	Surface	representation.	These	bands	are	constructed	using	the	maximum	and	minimum	
density of the documents over a specific geographic region. Table 8.8 details the significant 
responses for different visualizations.

Table 8.8: Empirical criteria - Colour usage and appropriateness for different visu-
alizations (General Linear Model- Repeated Measures - Within subjects)

Question:	The	use	of	colours	was	useful	and	appro-
priate	?

Mean Std.Devia-
tion

N

Graphical	Map	based	representation(8%-Disagree,	
14%-	Neutral,64%-	agree,	14%	-	Strongly	Agree)

3.8400 0.76559 50

Density	surface	representation	(4%-Disagree,	16%-	
Neutral,	60%	Agree,	20%	Strongly	Agree)

3.9600 0.72731 50

Footprint	based	representation	(2%-	Strongly	
Disagree,	4%-Disagree,	24%-	Neutral,50%-	Agree,	
18%-Strongly	Agree)

3.796 0.8566 50

Cartogram	representation	(4%-Disagree,	16%-	
Neutral,	64%	Agree,	14%-	Strongly	Agree)

3.898 0.67748 50

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question
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	 From	 abstractness	 to	 analysing	 the	 coverage	 &	 extent	 of	 result	 sets	 obtained	 from	
the SPIRIT system, these varied perspectives serve to impart specific purposes. Respondents 
expressed	the	density	surface	representations	facilitate	a	relatively	better	approach	in	visu-
alizing	 the	results	 in	comparison	 to	other	visualizations	 (Map,	 Footprint	and	 Cartograms).	
The	density	surface	representation	allows	users	to	obtain	an	overview	of	the	spread	of	the	
documents	across	a	geographic	region	of	interest,	while	the	Footprint	based	representation	
helps	users	to	identify	geographic	extents	of	each	of	the	footprints	&	individual	documents	
by interactively filtering and highlighting. On the other hand, cartograms are spatial transfor-
mations of the geographic regions to depict the frequency of the documents in that specific 
region	arranged	by	topology.	In	total	68%	of	participants	either	strongly	agree	or	agree	that	
density	surface	representation	facilitates	a	good	approach	to	look	at	the	results.	While	there	
have been varying responses for different visualizations as illustrated in Table 8.9.

Table 8.9: Empirical criteria - viewpoint or relativity for different visualizations 
(General Linear Model- Repeated Measures - Withinsubjects)

Question:	This	visualization	provided	a	good	way	of	
looking	at	the	results	?

Mean Std.Devia-
tion

N

Graphical	Map	based	representation.(2%-	Strongly	
Disagree,	10%-Disagree,	30%-	Neutral,50%-	Agree,	
6%	-	Strongly	Agree)

3.498 0.83599 50

Density	surface	representation	(2%-	Strongly	Disa-
gree,	8%-Disagree,	22%-	Neutral,	50%-	Agree,	18%	

-	Strongly	Agree)

3.7400 0.92162 50

Footprint	based	representation	(4%-	Strongly	
Disagree,	18%-Disagree,	28%-	Neutral	34%-	Agree,	
12%	-	Strongly	Agree)

3.332 1.03674 50

Cartogram	representation	(2%-	Strongly	Disagree,	
22%-Disagree,	32%-	Neutral,	38%-	Agree,	4%	

-	Strongly	Agree)

3.2040 0.90305 50

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

f) Locate/Associate/Findability/Compare

 Of	the	many	tasks	that	the	visualization	supports	one	essential	task	is	the	ability	to	
identify	 footprints	 and	 documents	 with	 higher	 relevance	 and	 their	 associations	 with	 geo-
graphic	locations.	Map	based	representations	fare	relatively	well	(48%	either	agree	or	strong-
ly agree) in comparison to different visualization as shown in Table 8.10. A relatively closer 
response	 is	obtained	 for	Footprint	based	representations	as	 they	 facilitate	user’s	with	 the	
ability to interactively filter and highlight geographic extents of footprints within the docu-
ments	or	individual	documents.	It	is	natural	that	the	Density	and	Cartogram	representations	
serve a different purpose such as spread of the documents density over a geographic space or 
documents	frequency	for	a	political	administrative	region

8.2 Visualization methods of  SPIRIT Prototype
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Table 8.10: Empirical criteria - locate/associate/findability for different visualiza-
tions (General Linear Model- Repeated Measures - Withinsubjects)

Question: It was easy to find documents which 
shared	the	same	location	?

Mean Std.Devia-
tion

N

Graphical	Map	based	representation.(2%-	Strongly	
Disagree,	16%-Disagree,	32%-	neutral,	32%	-	Agree,	
16%-	Strongly	Agree)

3.449 1.01139 50

Density	surface	representation	
(22%-	Strongly	Disagree,	42%-Disagree,	20%-	Neu-
tral,	10%-	Agree,	2%-	Strongly	Agree)

2.25 0.97938 50

Footprint	based	representation	(4%-	Strongly	Disa-
gree,	24%-Disagree,	22%-	Neutral,	40%-	Agree,	8%	

-	Strongly	Agree)

3.2448 1.04062 50

Cartogram	representation	(14%-	Strongly	Disagree,	
52%-Disagree,	14%-	Neutral,	12%-	Agree,	2%-	
Strongly	Agree)

2.3192 0.92816 50

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

g) Counter check - Ease of Use and Understandability

 In an effort to validate user responses for being user friendly some analysis was done. 
Statistics	reveal	that	40%	of	the	participants	either	agree	or	strongly	agree	that	the	footprint	
based representation is relatively difficult to understand followed by cartograms, as they 
(cartograms)	do	not	facilitate	users	with	the	details	with	respect	to	the	individual	documents.	
Table 8.11 presents statistics of different visualizations.

Table 8.11: Empirical criteria - counter check for ease of use and understandability 
for different visualizations (General Linear Model- Repeated Measures - Withinsub-
jects)

Question:	It	was	easy	to	get	confused	when	using	
this	interface	?

Mean Std.Devia-
tion

N

Graphical	Map	based	representation.(34%-Disagree,	
36%-	Neutral,	26%-	Agree,	4%-	Strongly	agree)

3.00 0.88063 50

Density	surface	representation	(6%-	Strongly	
Disagree,	42%-Disagree,	34%-	Neutral,	12%-	Agree,	
6%-	Strongly	Agree)

2.70 0.97416 50

Footprint	based	representation(26%-	Disagree,	
32%-	Neutral,	32%-	Agree,	8%	-	Strongly	Agree)

3.2244 0.93165 50

Cartogram	representation	(22%-Disagree,	48%-	
Neutral,	20%-	Agree,	8%-	Strongly	Agree)

3.1428 0.85714 50

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

h) Relevance/Rank/Findability

	 One	of	the	primary	objectives	of	the	spatially	aware	information	seeking	process	is	to	
identify	the	most	relevant	information	with	respect	to	a	geographic	location.	Footprint	based	
representation	fairs	relatively	well	in	comparison	with	other	visualizations	(Map,	Cartogram	
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 8and Density) as is shown in Table 8.12. There is a significant difference between Footprint 
and	Map	based	representations,	in	that	they	facilitate	users	to	identify	individual	documents	
as	well	as	footprints.	In	total	30%	of	the	participants	either	agree	or	strongly	agree,	while	
36%	 disagree	 in	 using	 Footprint	 representation,	 to	 easily	 identify	 the	 most	 relevant	 docu-
ments	to	accomplish	their	tasks.	The	mean	response	values	of	the	map	and	footprint	based	
representations	 are	 relatively	 higher	 than	 those	 of	 Density	 and	 Cartogram	 representation	
since	the	former	helps	users	to	identify,	rank	and	explore	the	geographic	footprints	and	ex-
tents	of	individual	documents,	While	the	latter	provides	an	abstraction	or	a	summary	of	den-
sity	or	frequency	of	documents	with	respect	to	a	geographic	region	or	a	spatial	unit.

Table 8.12: Empirical criteria - relevant task accomplishment for different visualiza-
tions (General Linear Model- Repeated Measures - Withinsubjects)

Question: This visualization made it easy to find the 
most	relevant	documents	for	my	task	?

Mean Std.Devia-
tion

N

Graphical	Map	based	representation.(8%-	Strongly	
Disagree,	34%-	Disagree,	20%-	Neutral,	30%-	Agree,	
6%-	Strongly	Agree)

2.9184 1.10355 50

Density	surface	representation	(22%-	Strongly	
Disagree,	32%-	Disagree,	24%-	Neutral,	20%-	Agree,	
2%-	Strongly	Agree)

2.480 1.11098 50

Footprint	based	representation	(2%-	Strongly	
Disagree,	36%-	Disagree,	28%-	Neutral,	26%-	Agree,	
4%-	Strongly	Agree)

2.9376 0.93473 50

Cartogram	representation	(14%-	Strongly	Disagree,	
40%-	Disagree,	20%-	Neutral,	18%-	Agree,	2%-	
Strongly	Agree)

2.5106 1.00757 50

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

 Each of the visualizations presented to the users serves different purposes. 86% of 
the	participants	either	strongly	agree	or	agree	that	they	were	able	to	identify	regions	with	
highest	document	density	using	Density	surface	representation.	When	using	footprint	based	
representations	70%,62%	and	64%	of	 the	participants	either	strongly	agree	or	agree	that	
they	had	been	successful	in	identifying	the	geographic	extent	of	the	1st,	2nd	and	3rd	ranked	
documents	from	the	result	set	obtained	from	the	SPIRIT	engine.	This	usually	is	not	the	case,	
with	cartogram	representations	as	 they	demonstrate	 the	 frequency	of	 the	documents	 in	a	
political	 administrative	 district	 or	 boundary,	 only	 32%,	 30%	 and	 28%	 of	 the	 participants	
either	strongly	agree	or	agree	that	they	have	been	successful	in	identifying	the	regions	using	
cartograms. Table 8.13 presents detailed descriptive statistics of different visualizations to 
locate the geographic scope/extent of the documents using different visualization.

8.2.2.2 Between Subjects
i) Unsupervised and Supervised

	 The	experiments	were	organized	in	two	phases,	One	being	unsupervised	and	the	oth-
er	supervised	sessions,	where	in	the	former	case	participants	were	provided	with	a	tutorial	to	
train them through the different visualization methods; while in the latter case participants 
had	undergone	a	training	session	for	about	30	minutes	detailing	the	functionalities	and	fea-
tures of different visualization approaches used. Also, it should be noted that in the self-learn-
ing	exercise	users	were	asked	to	explore	and	gain	a	preliminary	understanding	of	the	SPIRIT	
prototype	system,	whereas	in	the	unsupervised	sessions	users	were	provided	with	a	TUTO-

8.2 Visualization methods of  SPIRIT Prototype
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 88.2 Visualization methods of  SPIRIT Prototype

RIAL	to	help	them	learn	the	functionalities	of	the	SPIRIT	system.

Figure: 8.3 & Fig: 8.4 demonstrates that there has been significant interactions between dif-
ferent	visualizations	during	both	the	phases.	It	should	be	noted	that	the	density	surface	rep-
resentation has a significantly high mean response in comparison with other visual repre-
sentations in its usefulness, information presentation and cognition. These figures illustrate 
a slight shift in the users’ response and reveal little significant difference associated to the 
ability to comprehend of specific visualizations. 

a) Ease of Use

 Investigating the impact of learning and significant shifts in the user response, foot-
print and cartogram based representations have little significant differences in the mean re-
sponses (mean diff>0.5) as shown in Table 8.14. The footprint based representation involve 
a higher level of interactivity and facilitate the users to selectively filter documents based on 
their	geographic	extents.	As	the	notion	of	geographic	extent	requires	considerable	user	un-
derstanding, it is evident that there have been slight significant shifts in the user’s responses 
after	 the	 supervised	 training	 session.	 Similarly	 using	 cartogram	 based	 representations	 in-
volve	a	higher	degree	of	understanding	to	correlate	spatial	transformation	with	the	ranked	
results	and	their	association	with	highlighted	geographic	regions	on	the	map.

Table 8.14: Mean responses for ease of use using GLM (Between Subjects)

Question:	The	visualization	was	
easy	to	use	?

Test	Group Mean Std.
Deviation

N

Graphical	map	based	representa-
tion

1.	Unsupervised 3.500 0.94868 26

2.	Supervised 3.54 0.93153 24

Total 3.52 0.9311 50
Density	surface	representation 1.	Unsupervised 4.30 0.8375 26

2.	Supervised 4.41 0.717 24
Total 4.36 0.77618 50

Footprint	based	representation 1.	Unsupervised 3.0104 1.05962 26
2.	Supervised 3.5417 1.02062 24
Total 3.2654 1.06475 50

Cartogram 1.	Unsupervised 3.0385 1.14824 26
2.	Supervised 3.6388 0.8677 24
Total 3.326 1.05729 50

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

b) Information Presentation and Understandability

 Table 8.15 details that there has been a significant shift in the user’s response for 
the footprint based representation (mean difference >0.74), followed by cartogram based 
representation.	The	exploratory	nature	of	footprint	based	representations	demonstrate	the	
geographic	extents	of	the	footprints	between	and	within	documents,	and	the	correlation	and	
relevance involved  to the features of selective filtering. This constant shift in the user’s re-
sponse	can	be	attributed	to	the	supervised	training	session	detailing	key	functionalities	in-
volving	footprint	based	representation.	Cartogram	based	representations	accommodate	the	
frequency of the result sets within a specific political or administrative boundary.
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Table 8.15: Mean responses for information presentation and usage with GLM (Be-
tween Subjects)

Question:	It	was	easy	to	under-
stand	the	information	presented	
by	this	interface	?

Test	Group Mean Std.
Deviation

N

Graphical	map	based	representa-
tion

1.	Unsupervised 3.36 0.70 25

2.	Supervised 3.7826 0.735 23

Total 3.56 0.74 48
Density	surface	representation 1.	Unsupervised 4.24 0.879 25

2.	Supervised 4.34 0.714 23
Total 4.29 0.79 48

Footprint	based	representation 1.	Unsupervised 2.60 1.0 25
2.	Supervised 3.34 1.070 23
Total 2.95 1.090 48

Cartogram 1.	Unsupervised 3.12 1.053 25
2.	Supervised 3.82 0.716 23
Total 3.458 0.966 48

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

 

c) Legends and Annotation as supporting aides

 A shift in the mean response (mean difference >0.5) of the users has been document-
ed	in	the	footprint	and	cartogram	based	representation	for	supporting	aides	such	as	legends	
and	annotations	that	have	been	useful	in	inferring	key	functionalities	of	various	representa-
tions.	Table	8.16	details	the	mean	responses	for	legends	as	supporting	aides	using	GLM.

Table 8.16: Mean responses for legends as supporting aides using GLM (Between 
Subjects)

Question:	The	use	of	legends	and	
annotatins	made	it	easier	to	un-
derstand	the	visualization	?

Test	Group Mean Std.
Deviation

N

Graphical	map	based	representa-
tion

1.	Unsupervised 3.4167 0.77553 24

2.	Supervised 3.7083 0.80645 24

Total 3.5625 0.79643 48
Density	surface	representation 1.	Unsupervised 3.00 1.02151 24

2.	Supervised 3.333 1.0495 24
Total 3.1667 1.03827 48

Footprint	based	representation 1.	Unsupervised 3.125 0.99181 24
Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

8.2 Visualization methods of  SPIRIT Prototype
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Table 8.16: Mean responses for legends as supporting aides using GLM (Between 
Subjects)

Question:	The	use	of	legends	and	
annotatins	made	it	easier	to	un-
derstand	the	visualization	?

Test	Group Mean Std.
Deviation

N

2.	Supervised 3.75 0.794 24
Total 3.4375 0.9432 48

Cartogram 1.	Unsupervised 2.8333 1.0495 24
2.	Supervised 3.3367 0.81524 24
Total 3.085 0.96381 48

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

d) Colour usage and appropriateness

	 Colour	has	been	a	surrogate	of	relevance	to	draw	in	visual	distinctions	between	re-
lated documents and footprints. A significant shift in the mean response (mean diff > 0.5) is 
documented in the density surface representation (mean diff 0.46 <0.5), footprint and carto-
gram based representation. Bluish grey signifies documents or footprints with relatively high 
significance, while documents with light grey colour signify the least significance based on 
combined	relevance.	Table	8.17	details	the	mean	responses	for	colour	usage	and	appropriate-
ness for different visualizations using GLM.

Table 8.17: Mean responses for colour usage and appropriateness for different visu-
alization using GLM (Between Subjects)

Question:	The	use	of	colours	was	
useful	and	appropriate	?

Test	Group Mean Std.
Deviation

N

Graphical	map	based	representa-
tion

1.	Unsupervised 3.840 0.687 25

2.	Supervised 3.9565 0.76742 23

Total 3.8958 0.72169 48
Density	surface	representation 1.	Unsupervised 3.80 0.8165 25

2.	Supervised 4.2609 0.54082 23
Total 4.0208 0.72902 48

Footprint	based	representation 1.	Unsupervised 3.56 0.91652 25
2.	Supervised 4.087 0.73318 23
Total 3.8125 0.86679 48

Cartogram 1.	Unsupervised 3.68 0.74833 25
2.	Supervised 4.1304 0.54808 23
Total 3.8958 0.69158 48

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

e) Viewpoint/Relativity

 It was noted that there was no significant difference (mean diff >0.5) in the mean re-
sponses between different phases ( as shown in Table 8.18) for view point and relativity.
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Table 8.18: Mean responses for viewpoint or relativity for different visualization us-
ing GLM (Between Subjects)

Question:	This	visualization	pro-
vided	a	good	way	of	looking	at	the	
results	?

Test	Group Mean Std.
Deviation

N

Graphical	map	based	representa-
tion

1.	Unsupervised 3.36 0.90738 25

2.	Supervised 3.6818 0.77989 22

Total 3.51 0.856 47
Density	surface	representation 1.	Unsupervised 3.68 0.90 25

2.	Supervised 3.818 1.00647 22
Total 3.7447 0.94335 47

Footprint	based	representation 1.	Unsupervised 3.16 0.98658 25
2.	Supervised 3.5909 1.09801 22
Total 3.3617 1.05141 47

Cartogram 1.	Unsupervised 3.20 0.95743 25
2.	Supervised 3.1818 0.90692 22
Total 3.1915 0.92403 47

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

f) Countercheck-ease of use and understandability

 It was noted that there was a significant difference (mean diff >0.5) in the users’ re-
sponse to the visualizations have been effective and also to them giving a comprehensive 
understanding	in	being	user	friendly.	(	as	shown	in	Table	8.19)

Table 8.19: Mean responses for counterchecks for ease of use and understandability 
for different visualization using GLM (Between Subjects)

Question:	It	was	easy	to	get	con-
fused	when	using	this	interface		?

Test	Group Mean Std.
Deviation

N

Graphical	map	based	representa-
tion

1.	Unsupervised 3.133 1.12546 15

2.	Supervised 2.7647 1.09141 17

Total 2.0375 1.10534 32
Density	surface	representation 1.	Unsupervised 3.2 1.20712 15

2.	Supervised 2.5882 0.87026 17
Total 2.8750 1.07012 32

Footprint	based	representation 1.	Unsupervised 3.667 1.11270 15
2.	Supervised 2.7647 0.90342 17
Total 3.1875 0.90342 17

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question
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Table 8.19: Mean responses for counterchecks for ease of use and understandability 
for different visualization using GLM (Between Subjects)

Question:	It	was	easy	to	get	con-
fused	when	using	this	interface		?

Test	Group Mean Std.
Deviation

N

Cartogram 1.	Unsupervised 3.333 1.04654 15
2.	Supervised 2.7059 0.58787 17
Total 3.0 0.87988 32

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

g) Locate/Associate/Findability

 There was no significant difference (mean diff >0.5) in the users’ response between 
the two phases ( as shown in Table 8.20) for finding documents that  share the same location, 
which	are	either	represented	as	stacks	or	illustrated	as	graphs.

Table 8.20: Mean responses for findability of documents sharing the same location  
using GLM (Between Subjects)

Question: It was easy to find 
documents	which	shared	the	same	
location		?

Test	Group Mean Std.
Deviation

N

Graphical	map	based	representa-
tion

1.	Unsupervised 3.2917 0.80645 24

2.	Supervised 3.7727 1.06600 22

Total 3.5217 0.96007 46
Density	surface	representation 1.	Unsupervised 2.2917 0.85867 24

2.	Supervised 2.0909 1.18088 22
Total 2.1957 0.98024 46

Footprint	based	representation 1.	Unsupervised 3.250 0.9890 24
2.	Supervised 3.1364 1.12527 22
Total 3.1957 1.046 46

Cartogram 1.	Unsupervised 2.333 0.96309 24
2.	Supervised 2.1818 0.90692 22
Total 2.2609 0.92939 46

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

h) Identify relevant documents

 There was no significant shift (mean diff >0.5) in users’ response with respect to the 
identification of relevant documents (ref. Table 8.21) in different phases of supervises and 
unsupervised	sessions.

8.2 Visualization methods of  SPIRIT Prototype



Exploratory Representation for Geographic Information Retrieved from the Internet20�

C
ha

pt
er

 8 8. Results

Table 8.21: Mean responses for effectiveness of visualization to aid users in identify-
ing most relevant documents using GLM (Between Subjects)

Question:	This	visualization	made	
it easy to find the most relevant 
documents	for	my	task	?

Test	Group Mean Std.
Deviation

N

Graphical	map	based	representa-
tion

1.	Unsupervised 3.0833 1.01795 24

2.	Supervised 2.7143 1.18924 21

Total 2.911 1.10417 45
Density	surface	representation 1.	Unsupervised 2.5417 1.14129 24

2.	Supervised 2.5238 1.167 21
Total 2.533 1.14018 45

Footprint	based	representation 1.	Unsupervised 2.8333 0.86811 24
2.	Supervised 3.047 1.07127 21
Total 2.933 0.96595 45

Cartogram 1.	Unsupervised 2.4167 1.21285 24
2.	Supervised 2.619 0.864 21
Total 2.511 1.05792 45

Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

ii) Spatial qualifiers 
 To investigate the effects of different scenarios presented to the users, which impart 
varying	levels	of	granularity,	context	and	scope	of	results	obtained	from	the	SPIRIT	system.		
Between	subjects	Repeated	Measures	ANOVA	is	carried	out	after	a	detailed	descriptive	statis-
tic reveals a significant difference for different visualization tasks.

a) Simple Interface 

 After analysing the users’ response as to whether there was a significant difference 
in	their	responses	based	on	the	scenarios	presented	to	them	two	scenarios	were	constructed	
serving different regions with varying granularity, context and indexed documents. 

	 Figure	8.5	(shown	in	p.210)	illustrates	the	interaction	plot	between	mean	user’s	re-
sponse and visualization tasks for the two different scenarios. Statistics reveal that there was 
been a significant shift in the users response.

b) Advanced Visualization

	 In	 contrast	 to	 the	 simple	 structured	 interface,	 the	 advanced	 visualization	 interface	
facilitated	users	to	illustrate	or	describe	a	region	of	interest	by	drawing	a	polygon	on	the	map.	
An interaction plot was constructed for various visualization profiles for each of the tasks and 
mean	responses	of	the	users.	The	approach	adopted	for	expressing	the	region	of	interest	is	by	
drawing a polygon on the map, which implied that not all users exactly define the same region 
of	interest.	Thus,	the	region	of	interest,	context	and	results	obtained	for	each	of	them	might	
vary.	However,	our	objective	was	to	investigate	what	impact	it	had	on	the	users’	response	us-
ing different visualization methods, which remain constant irrespective of the scenario pre-
sented	to	them.	



Exploratory Representation for Geographic Information Retrieved from the Internet20� Exploratory Representation for Geographic Information Retrieved from the Internet 20�

C
ha

pt
er

 8Figure	8.6	&	8.7	(shown	in	p.	212	&	213)	present	an	interaction	plot	for	mean	response	be-
tween	visualization	tasks	comparing	map,	density,	 footprint	and	cartogram	representation	
for	queries	such	as	“	cottages	in	western	Scotland”	and	“biking	south	of	London”.	Statistics	re-
veal		that	there	has	been	a	relatively	higher	interaction	for	the	scenarios	“cottages	in	western	
Scotland” in comparison with “biking south of London”, where there has been a significant 
shift	in	the	users’	response.	Further,	investigation	is	carried	out	by	using	GLM	repeated	meas-
ures	for	each	of	the	criteria.

i) Ease of use

	 With	varying	 levels	of	granularity,	context	and	results	obtained	 for	each	of	 the	sce-
narios,	the	impact	of	usefulness	of	the	visualization	for	various	scenarios	was	investigated.	
Statistics reveal significant shifts for various visualizations. Map (mean diff = 0.4), Density 
(mean diff = 0.4), Footprint (mean diff = 0.3), Cartogram (mean diff = 0.2). Table 8.22 details 
mean response for usefulness of different visualizations. 

Table 8.22: Mean response for usefulness of different visualizations ( Spatial Quali-
fiers).

Question:	the	visualisa-
tion	was	easy	to	use	?

Advanced	interface Mean	 Std.	
Deviation

N

1.	Graphical	map	based	
representation

1.0	Biking	south	of	London. 3.32 0.90 25

2.0	Cottages	in	western	Scot-
land.

3.72 0.936 25

Total 3.52 0.9311 50
2.	Density	surface	repre-
sentation

1.0	Biking	south	of	London. 4.12 0.92736 25

2.0	Cottages	in	western	Scot-
land.

4.60 0.50 25

Total 4.36 0.77618 50
3.	Footprint	based	repre-
sentation

1.0	Biking	south	of	London. 3.1308 1.1299 25

2.0	Cottages	in	western	Scot-
land.

3.40 1.00 25

Total 3.265 1.06475 50
4.Cartogram 1.0	Biking	south	of	London. 3.2532 1.12743 25

2.0	Cottages	in	western	Scot-
land.

3.40 1.00 25

Total 3.326 1.05729 50
Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

ii) Information presentation and understandability

 Statistical analysis reveals that there has been negligible difference in the mean re-
sponses	for	the	information	presented	and	understanding	of	the	visualization	(	as	shown	in	
Table	8.23)

8.2 Visualization methods of  SPIRIT Prototype
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Table 8.23: Mean response for information presentation and understandability of 
different visualizations (Spatial Qualifiers).

Question:	It	was	easy	to	
understand	the	informa-
tion	presented	by	this	
interface	?

Advanced	interface Mean	 Std.	
Deviation

N

1.	Graphical	map	based	
representation

1.0	Biking	south	of	London. 3.6957 0.7029 23

2.0	Cottages	in	western	Scot-
land.

3.44 0.7681 25

Total 3.56 0.74108 48
2.	Density	surface	repre-
sentation

1.0	Biking	south	of	London. 4.2609 0.91539 23

2.0	Cottages	in	western	Scot-
land.

4.32 0.69041 25

Total 4.29 0.79783 48
3.	Footprint	based	repre-
sentation

1.0	Biking	south	of	London. 2.9565 1.10693 23

2.0	Cottages	in	western	Scot-
land.

2.96 1.09848 25

Total 2.9583 1.0907 48
4.Cartogram 1.0	Biking	south	of	London. 3.4358 1.03687 23

2.0	Cottages	in	western	Scot-
land.

3.480 0.91833 25

Total 3.4583 0.9664 48
Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

iii) Legends and Annotations as supporting aides

  It is noted that  a negligible difference (Significance) is drawn between the responses 
of	the	users	for	legends	and	annotations	as	supporting	aides	illustrated	in	Table	8.24.

Table 8.24: Mean response for legends and annotations as supporting aides for dif-
ferent visualizations (Spatial Qualifiers).

Question:	The	use	of	
legends	and	annotations	
made	it	easier	to	under-
stand	the	visualization	?

Advanced	interface Mean	 Std.	
Deviation

N

1.	Graphical	map	based	
representation

1.0	Biking	south	of	London. 3.4783 0.84582 23

2.0	Cottages	in	western	Scot-
land.

3.64 0.757 25

Total 3.562 0.79643 48
Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

8.2 Visualization methods of  SPIRIT Prototype
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Table 8.24: Mean response for legends and annotations as supporting aides for dif-
ferent visualizations (Spatial Qualifiers).

Question:	The	use	of	
legends	and	annotations	
made	it	easier	to	under-
stand	the	visualization	?

Advanced	interface Mean	 Std.	
Deviation

N

2.	Density	surface	repre-
sentation

1.0	Biking	south	of	London. 3.1739 0.93673 23

2.0	Cottages	in	western	Scot-
land.

3.16 1.1431 48

Total 3.1667 1.03877 48
3.	Footprint	based	repre-
sentation

1.0	Biking	south	of	London. 3.4783 0.94722 23

2.0	Cottages	in	western	Scot-
land.

3.40 0.9573 25

Total 3.4375 0.9432 48
4.Cartogram 1.0	Biking	south	of	London. 3.1339 0.86849 23

2.0	Cottages	in	western	Scot-
land.

3.04 1.05987 25

Total 3.085 0.96381 48
Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

iv) Colour usage and appropriateness

	 There	was	no	impact	on	the	user’s	response	with		colour	usage	and	its	appropriate-
ness	to	illustrate	visual	distinction	in	relevant	documents	(as	shown	in	Table	8.25).

Table 8.25: Mean response for colour usage and appropriateness for different visu-
alizations (Spatial Qualifiers).

Question:	The	use	of	
colours	was	useful	and	
appropriate	?

Advanced	interface Mean	 Std.	
Deviation

N

1.	Graphical	map	based	
representation

1.0	Biking	south	of	London. 3.95 0.767 23

2.0	Cottages	in	western	Scot-
land.

3.84 0.687 25

Total 3.89 0.72 48
2.	Density	surface	repre-
sentation

1.0	Biking	south	of	London. 4.0435 0.63806 23

2.0	Cottages	in	western	Scot-
land.

4.00 0.8165 25

Total 4.020 0.729 48
Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question
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Table 8.25: Mean response for colour usage and appropriateness for different visu-
alizations (Spatial Qualifiers).

Question:	The	use	of	
colours	was	useful	and	
appropriate	?

Advanced	interface Mean	 Std.	
Deviation

N

3.	Footprint	based	repre-
sentation

1.0	Biking	south	of	London. 3.826 0.9367 23

2.0	Cottages	in	western	Scot-
land.

3.80 0.8165 25

Total 3.8125 0.8667 48
4.Cartogram 1.0	Biking	south	of	London. 3.8696 0.919 23

2.0	Cottages	in	western	Scot-
land.

3.92 0.40 25

Total 3.895 0.69158 48
Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

v) Viewpoint/Relativity

 The footprint based representation shows little significant difference ( mean diff = 
0.4) in comparison with other visualizations for there has been significant impact in the sce-
narios	presented	to	the	users	(ref.	Table	8.26)

Table 8.26: Mean response for viewpoint and relativity for different visualizations 
(Spatial Qualifiers).

Question:	The	visualiza-
tion	provided	a	good	way	
of	looking	at	the	results	?

Advanced	interface Mean	 Std.	
Deviation

N

1.	Graphical	map	based	
representation

1.0	Biking	south	of	London. 3.4783 0.845 23

2.0	Cottages	in	western	Scot-
land.

3.54 0.883 24

Total 3.510 0.856 47
2.	Density	surface	repre-
sentation

1.0	Biking	south	of	London. 3.6087 1.07615 23

2.0	Cottages	in	western	Scot-
land.

3.875 0.79741 24

Total 3.7447 0.94335 47
3.	Footprint	based	repre-
sentation

1.0	Biking	south	of	London. 3.1739 1.114 23

2.0	Cottages	in	western	Scot-
land.

3.54 0.97709 24

Total 3.3617 1.05141 47
4.Cartogram 1.0	Biking	south	of	London. 3.2609 1.00983 23
Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

8.2 Visualization methods of  SPIRIT Prototype
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Table 8.26: Mean response for viewpoint and relativity for different visualizations 
(Spatial Qualifiers).

Question:	The	visualiza-
tion	provided	a	good	way	
of	looking	at	the	results	?

Advanced	interface Mean	 Std.	
Deviation

N

2.0	Cottages	in	western	Scot-
land.

3.125 0.8509 24

Total 3.19 0.924 47
Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

vi) Locate/Associate/Findability

 The ability to identify documents with higher relevance and filter them out has shown 
significant difference in user’s response for footprint based representation with a mean dif-
ference greater than 0.5, while map based representation shows a mean difference of 0.4. 
This	is	due	to	the	number	of	results	obtainted	from	the	system	based	on	the	scenarios	pre-
sented	to	the	users	(ref.	Table	8.27).

Table 8.27: Mean response for findability of documents which shared the same 
location for different visualizations (Spatial Qualifiers).

Question:	It	was	easy	to	
find documents which 
shared	the	same	location

Advanced	interface Mean	 Std.	
Deviation

N

1.	Graphical	map	based	
representation

1.0	Biking	south	of	London. 3.7273 0.88273 22

2.0	Cottages	in	western	Scot-
land.

3.333 1.00722 24

Total 3.5217 0.96 46
2.	Density	surface	repre-
sentation

1.0	Biking	south	of	London. 2.136 0.884 22

2.0	Cottages	in	western	Scot-
land.

2.25 1.07339 24

Total 2.1957 0.98 46
3.	Footprint	based	repre-
sentation

1.0	Biking	south	of	London. 3.454 1.0107 22

2.0	Cottages	in	western	Scot-
land.

2.958 1.0417 24

Total 3.19 1.046 46
4.Cartogram 1.0	Biking	south	of	London. 2.272 1.031 22

2.0	Cottages	in	western	Scot-
land.

2.25 0.846 24

Total 2.26 0.92939 46
Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question
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	 Map	based	representation	demonstrate	that	it	has	been	fairly	understood	by	the	us-
ers, in comparison with other visualizations drawing a mean difference in user’s response of 
0.3	(ref.	Table	8.28).

Table 8.28: Mean response for counter check- ease of use and understandability for 
different visualization (Spatial Qualifiers).

Question:It	was	easy	to	
get	confused	when	using	
this	interface

Advanced	interface Mean	 Std.	
Deviation

N

1.	Graphical	map	based	
representation

1.0	Biking	south	of	London. 3.181 1.167 11

2.0	Cottages	in	western	Scot-
land.

2.8095 1.07792 21

Total 2.9375 1.10534 32
2.	Density	surface	repre-
sentation

1.0	Biking	south	of	London. 2.818 1.078 11

2.0	Cottages	in	western	Scot-
land.

2.9048 1.0910 21

Total 2.875 1.07012 32
3.	Footprint	based	repre-
sentation

1.0	Biking	south	of	London. 3.0909 1.22103 11

2.0	Cottages	in	western	Scot-
land.

3.2381 1.04426 21

Total 3.238 1.090 32
4.Cartogram 1.0	Biking	south	of	London. 3.00 0.89443 11

2.0	Cottages	in	western	Scot-
land.

3.00 0.89443 21

Total 3.00 0.87988 32
Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

viii) Identify relevant documents

	 Each	 of	 the	 scenarios	 return	 varying	 levels	 of	 granularity,	 and	 	 results.	 Map	 based	
representation has shown a significant difference in the users’ response with a mean differ-
ence of 1.4, while Density and Cartogram based representations exhibit a mean difference 
in response of 0.4 (ref. Table 8.29). The least significant difference being in Footprint based 
representation (mean difference of 0.3).

8.2 Visualization methods of  SPIRIT Prototype
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Table 8.29: Mean response for effectiveness of different visualizations in their abil-
ity to identify relevant documents(Spatial Qualifiers).

Question:	This	visualiza-
tion made it easy to find 
the	most	relevant	docu-
ments	for	my	task	?

Advanced	interface Mean	 Std.	
Deviation

N

1.	Graphical	map	based	
representation

1.0	Biking	south	of	London. 2.2174 0.795 23

2.0	Cottages	in	western	Scot-
land.

3.63 0.90214 22

Total 2.911 1.104 45
2.	Density	surface	repre-
sentation

1.0	Biking	south	of	London. 2.304 0.9739 23

2.0	Cottages	in	western	Scot-
land.

2.772 1.269 22

Total 2.533 1.14018 45
3.	Footprint	based	repre-
sentation

1.0	Biking	south	of	London. 2.7826 0.90235 23

2.0	Cottages	in	western	Scot-
land.

3.0909 1.01929 22

Total 2.933 0.9629 45
4.Cartogram 1.0	Biking	south	of	London. 2.304 0.92612 23

2.0	Cottages	in	western	Scot-
land.

2.7273 1.16217 22

Total 2.511 1.0579 45
Coded using Likert Scale data where the scale is set as follows (Strongly Agree-5, Agree-4, Neutral-3, 
Disagree-2, Strongly Disagree-1). Missing data values are replaced by the mean of  user’s response for 
this question

8.3 Mock-up Visualization
	 A	mock-up	is	understood	to	be	a	graphical	representation	that	approximates	to	what	is	fore-
seen	as	a	possible	solution	 to	 the	challenge	of	representing	spatially	aware	 information	retrieved	
from	the	internet.	Two	mock-up	visualizations,	spatial	activity	maps/plots	(partially	implemented)	
and	isoline	representations	have	been	presented	to	the	participants.	Statistical	insights	correspond-
ing to these different mock-ups serve to envisage practical challenges in information presentation 
and	comprehension.	This	approach	not	only	gives	in	adequate	room	for	enhancement	of	the	visuali-
zation	methods,	but	also	they	give	us	insights	where	they	fail	to	meet	the	requirements	of	the	users.	

8.3.1 Spatial Activity Maps/Plots

	 Spatial	activity	maps	are	a	form	of	pictorial	representations	that	illustrates	activities	based	on	
the availability of the resources at a specific geographic location. Web pages are rich with information 
describing resources, events and detailing activities that can be performed at a specific geographic 
location. Activities such as cycling, One such example is http://www.Cardiff.gov.uk/cycling/ a docu-
ment detailing cycling resources in and around Cardiff region. Activities offer the further possibility 
of classification of the documents based on the resources or activities based on the theme of the web 
pages. Subsequent classifications can be achieved and documents can be visualized using the Touch-
graph	visualization	technique.	Figure	6.4	demonstrates	the	organization	of	activities	in	reference	to	
the	region	of	interest	on	a	two-dimensional	plot,	with	the	distance	from	the	centroid	of	the	expressed	
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 8region	of	interest	on	the	x-axis	and	spatial	hierarchy	on	the	y-axis.	A	decision	grid	is	provided	to	sup-
port	users	to	visualize	the	proximity	in	reference	to	the	centroid	of	the	expressed	region	of	interest.	
Adding	to	this,	the	activity	resources	are	plotted	on	the	map	at	the	required	resolution	as	shown	in	
Figure	 6.5.	 Table	 8.30	 presents	 descriptive	 statistics	 gathered	 for	 spatial	 activity	 maps/plots	 pre-
sented	to	the	users.

Table 8.30: Descriptive statistics for spatial activity plots or maps.

Criteria N Range Min Max Mean Std.De-
viation

Skewness

1.Easy	to	understand	the	informa-
tion	presented	in	the	mock-up.

46 4 1.0 5.0 3.913 0.9147 -1.279

2.Supporting	aides-	use	of	legends	
and	annotation	has	made	it	easier	
to	understand	the	information	
presented.

47 4.0 1.0 5.0 3.531 1.080 -0.680

3.Colour	usefulness	&	appropriate-
ness

48 3.0 2.0 5.0 3.875 0.7034 -0.203

4.Viewpoint(Provide	a	good	way	of	
looking	at	the	results).	

48 4.0 1.0 5.0 4.0 0.8251 -1.186

5.Usage	of	symbols	to	illustrate	
activities was effective and appro-
priate.

44 4.0 1.0 5.0 4.318 0.9092 -1.664

6.Activity	based	contextual	clas-
sification an effective approach to 
representing	information.

47 4.0 1.0 5.0 3.936 0.894 -0.823

7.Cross	check-	Usefulness	&	un-
derstandability	(	it	was	easy	to	get	
confused	when	using	this	interface)

48 4.0 1.0 5.0 2.5 0.945 0.867

8.Are decision grids an effective 
means	of	identifying	documents	
based	on	proximity	and	direction.

47 4.0 1.0 5.0 3.297 0.857 -0.629

9.This	mock-up	visualization	makes	
it easy to find the most relevant 
documents	for	my	task.

44 3.0 2.0 5.0 3.772 0.6773 -0.630

10.It is an effective way of abstrac-
tion	of	the	results.

43 3.0 2.0 5.0 3.930 0.6688 -0.422

	 Statistics	reveal	that	76%	of	the	participants	either	agree	or	strongly	agree	that	it	was	easy	
to	understand	the	 information	presented	 in	 the	mock-ups.	Activities	were	represented	using	sym-
bols, 76% of the participants either agree or strongly agree that the symbols were effective and ap-
propriate.	Activities	were	in	abstract	terms	&	themes	described	with	in	the	web	pages.	68%	of	the	
participants either agree or strongly agreed that it had been an effective way to depict the results. 
Foreseeing classifications based on the kind of activity each of the web page represents, 68% of the 
participants either agree or strongly agree that the contextual classification based on activities was 
an effective way of representation. While only 46% of the participants either agree or strongly agree 
that decision grids of 5x5 km was an effective means of identifying documents/activities based on 
proximity and direction of a specific candidate region. The candidate region here was the expressed 
region	of	interest	by	the	user.

8.2 Visualization methods of  SPIRIT Prototype
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8.3.2 Isoline representation
	 Isoline	representations	are	a	form	of	representation	to	demonstrate	the	spatial	variability	of	
the	result	sets.	Spatial	averaging	through	an	interpolation	process	yields	a	surface,	portrayed	by	iso-
lines,	which	can	be	used	to	mask	geography	related	statistical	information.	The	concept	of	geographic	
masking was first introduced by Armstrong (1999) to preserve confidentiality of health related data, 
in an effort to protect privacy of individuals. Isoline representations can be widely used for repre-
senting	such	information.	Leitner	and	Curtis	(2004,	p.215)	claimed	to	be	“the first to utilize an empiri-
cal perceptual study to identify acceptable design solutions for presenting confidential point data on 
maps”.  With serious limitations for visualizing confidential information, isoline based representation 
has the potential to be widely adopted for keeping annoymous confidential information or statistical 
information.

	 80%	 of	 the	 participants	 either	 agree	 or	 strongly	 agree	 that	 it	 was	 easy	 to	 understand	 the	
mock-up	visualization	presented	in	the	Figure	6.6.	68%	of	the	respondents	either	agree	or	strongly	
agree	 that	 it	was	easier	 to	understand	the	 information	presented	using	 this	mock-up.	80%	of	 the	
participants	either	agree	or	strongly	agree	that	colour	usage	was	useful	and	appropriate	and	54%	
either	agree	or	strongly	agree	that	it	has	been	an	useful	way	of	looking	at	the	results.	Only	18%	of	the	
participants consented that this visualization could help users find documents with shared location, 
which	is	ofcourse	obvious	because	of	the	interpolated	surface	representation.	While	44%	of	the	re-
spondents	said	that	it	was	easier	to	get	confused	using	this	interface.	Finally,	38%	of	the	population	
either agree or strongly agree that this visualization makes it easy to find the most relevant docu-
ments.	

Table 8.31: Descriptive statistics for isoline representation

Criteria N Range Min Max Mean Std.De-
viation

Skew-
ness

1.	It	was	easy	to	understand	the	infor-
mation presented in the figure above ?

48 3.0 2.0 5.0 3.895 0.8565 -1.066

2.The	use	of	legends	and	annotations	
made	it	easier	to	understand	the	visu-
alization	?

48 4.0 1.0 5.0 3.667 1.1172 -1.0107

3.	The	use	of	colours	was	useful	and	
appropriate	?

48 3.0 2.0 5.0 4.083 0.7672 -0.735

4.The	visualization	provided	a	good	
way	of	looking	at	the	results	?

47 3.0 2.0 5.0 3.617 0.8736 -0.171

5.It was easy to find documents with 
the	same	location	?

41 4.0 1.0 5.0 2.853 0.90997 -0.116

6.	It	was	easy	to	get	confused	when	
using	this	interface	?

46 4.0 1.0 5.0 2.60 0.74471 0.791

7.	This	visualization	makes	it	easy	to	
find the most relevant documents for 
my	task	?

44 4.0 1.0 5.0 3.181 0.9710 -0.383

8.3.3 Comparison of mean response for working systems and mock-ups
	 Statistics	reveal	that	there	has	been	a	higher	mean	response	value	for	mock-ups	in	comparison	
with visualizations that users have interacted with. To understand the effects interaction plots were 
constructed	as	shown	in	Figure	8.7	&	8.8	(§ref.	p.223	&	p.224).	These	compare	the	criteria	informa-
tion	presentation	and	understandability,	use	of	legends	and	annotations	as	supporting	aides,	colour	
usage	and	appropriateness,	and	viewpoint/relativity.	These	plots	reveal	that	there	is	a	stronger	ef-
fect	on	interaction	with	working	visualizations,	hence	relatively	lower	mean	response	in	comparison	
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 88.3 Mock-up Visualization

with	the	mock-ups	which	are	static	and	do	not	involve	interactions.	An	inference	can	be	drawn	that	
design	concepts	when	presented	to	the	users	have	fairly	higher	mean	response	values	in	comparison	
with	working	visualization	systems.	This	may	be	due	to	numerous	factors	such	as	interactivity,	cogni-
tive	inference	of	the	users,	exploration	with	real	data	etc.

8.4 Combined relevance vs. perceived relevance
	 The	 results	 obtained	 from	 the	 SPIRIT	 engine	 are	 based	 on	 a	 combined	 normalized	 score	
which	takes	into	account	both	spatial	relevance	as	well	as	textual	relevance	based	on	a	‘Best	Match’	
approach	(cf.	Chapter	5).	For	the	interim	prototype,	a	document’s	spatial	similarity	score	is	the	high-
est	footprint	similarity	score	of	the	footprints	it	contains	(Arampatzis	and	van	Kreveld,	2004).		If	a	
user	is	looking	for	“airports near London”,	a	document	that	refers	to	both	“Gatwick”	and	“Stansted”	
is	scored	as	referring	only	to	“Gatwick”	since	that	is	the	nearest	airport	of	the	two.	Such	a	document,	
however,	should	be	scored	higher	than	others	that	refer	only	to	“Gatwick”	as	 it	provides	more	rel-
evant	information	(Arampatzis	et al.,	2004).	

	 The	 results	 presented	 by	 the	 SPIRIT	 prototype	 are	 based	 on	 the	 assumption	 that	 a	 query	
can	have	only	one	footprint	(a	user	is	interested	in	only	one	location),	while	the	data	characteristics	
reveal	 that	 the	 documents	 have	 multiple	 footprints	 (referring	 to	 more	 than	 one	 location).	 The	 ex-
perimental	studies	have	focused	on	drawing	statistical	inference	to	estimate	what	percentage	of	the	
respondents	have	been	capable	of	identifying	relevant	documents	(system	generated	ranking)	and	
identifying	documents	which	the	user	perceives	as	more	relevant	than	those	generated	by	the	SPIRIT	
system.	

	 In	total	10	questions	(cf.	Appendix-G,	J	and	Table	8.32),	were	designed	primarily	to	extract	
qualitative	feedback	to	draw	statistical	inference	between	system	generated	relevance	and	perceived	
relevance	of	the	user.		

Table 8.32: Qualitative feedback questionnaire to draw statistical inference between sys-
tem generated relevance and perceived relevance for the user.

1. List	the	top	5	documents	found.	-	(measure of  combined relevance obtained from the 
SPIRIT system)

2. List	the	names	and	addresses	of	3	places	of	interest	found	from	the	relevant	documents	
for	your	task	- (measure of  combined relevance obtained from the SPIRIT system)

3. Identify	places	where	relevant	documents	were	found	with	respect	to	your	query?	- (per-
ceived relevance measure)

4. List	the	5	documents,	from	the	results	list,	which	are	most	relevant	with	respect	to	your	
query?	-	-	(perceived relevance measure)

5. Identify	the	regions	with	the	highest	document	density?	(Density	surface	representation)	
-(measure of  combined relevance obtained from the SPIRIT system)

6. It was easy to find the region of the following documents (Footprint based representa-
tion):

1st	ranked	document
2nd	ranked	document
3rd	ranked	document

(measure of  combined relevance obtained from the SPIRIT system)

•
•
•

7. Identify the top five documents with the smallest footprint (geographical extent)? (Foot-
print	based	representation) - (measure of  combined relevance obtained from the SPIRIT 
system)

8. Identify the top five documents with largest footprint (geographical extent)? (Footprint 
based	representation) - (measure of  combined relevance obtained from the SPIRIT system)
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Table 8.32: Qualitative feedback questionnaire to draw statistical inference between sys-
tem generated relevance and perceived relevance for the user.

9. List	the	5	documents	which	you	perceive	as	most	relevant	with	respect	to	your	query	after	
using footprint based filtering technique? - - (perceived relevance measure)

10. It was easy to find the regions of the following documents (Cartogram based representa-
tion):

1st	ranked	document
2nd	ranked	document
3rd	ranked	document

(measure of  combined relevance obtained from the SPIRIT system)

•
•
•

	 Statistical	insights	drawn	from	these	qualitative	feedbacks	reveal	that	almost	all	the	partici-
pants	had	either	listed	all	the	top	5	documents	or	partly	listed	top	5	documents	obtained	from	the	
SPIRIT search engine. In total, 38 participants out of 50 (i.e. 76%) identified geographically relevant 
documents	which	do	not	resemble	the	top	5	documents	presented	by	the	SPIRIT	engine.		This	indi-
cates that the geographic relevance perceived by the users is considerably different from that gener-
ated	by	the	SPIRIT	engine.	

8.5 Observations
	 During	the	experimental	studies,	a	few	users	were	selected	by	randomly	generated	numbers	
for	participating	in	think	aloud	sessions.	Think	aloud	sessions	were	carried	out	using	WINCAM2000	
and	user’s	interactions	were	recorded	for	the	whole	study	period	of	1.5	hours.	In	total	15	participants	
were	 involved	 in	this	exercise	during	phase-I	(Unsupervised	sessions).	Additional	qualitative	 feed-
back was gathered from the participants during the experimental studies. A list of key findings during 
the	experimental	studies	are	detailed	here:

8.5.1 Background & Expertise

1. 47	participants	were	chosen	who	had	prior	experience	with	search	engines	and	
were	aware	or	have	used	Google	(www.google.com).	A	few	others	cited	that	they	
are	 aware	 of	 other	 search	 engine	 tools	 such	 as	 vivismo	 (www.vivisimo.com)	 or	
www.search.ch.

2. Participants	had	varying	experience	and	exposure	to	a	number	of	geo-web	servic-
es	such	as	map24	(www.map24.com	-11	participants	had	used	it)	or	Google	maps	
(8	had	prior	experience).	A	few	others	cited	that	they	have	used	mapping	services	
such	as	www.mapquest.com,	map.search.ch,	 the	web	GIS	browser	for	the	city	of	
Zurich,	 go2map.sina.com.cn,	 swissgeo.ch,	 www.gis.zh.ch,	 or	 the	 map-based	 visu-
alization	of	SBB	and	ZVV	(www.sbb.ch	and	www.zvv.ch).

3. 	Six	participants	documented	that	they	had	widely	used	geo-web	services	for	the	
following	purposes:	

travel/tourism	related	information	gathering	or	route	planning
acquiring geographic information related to a specific place informa-
tion	about	topography

•
•
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4. Participants	conceptualized	a	number	of	activities	that	they	wish	to	perform	and	
have	queried	in	the	past	using	geo-web	services	or	search	engines.	These	were:

Hiking
Climbing
Travel maps
Ski-touring
Route Planning
Military service
Outdoor activities
Jogging.
Rollerblading
Cycling or biking
Walks
Paragliding or flying.

•
•
•
•
•
•
•
•
•
•
•
•

8.5.2 Map Interactions
The	think	aloud	sessions	also	yielded	feedbacks	concerning	map	interaction	techniques	that	
are	summarised	here:

1. Annotations	at	high	resolutions	can	be	helpful	in	orientation,	especially	when	
the	user	zooms	in.	Additional	legends	based	on	the	type	of	roads,	railways	or	
motorways	would	be	extremely	helpful.

2. Better	readability	and	understanding	can	be	achieved	by	decreasing	the	density	
of	results	displayed	using	the	map	based	representation.	This	can	be	achieved	
by	allowing	users	to	limit	the	number	of	results	to	be	displayed.

3. Suitable	colour	distinction	needs	to	be	achieved	for	the	density	surface	repre-
sentation,	as	it	resembles	the	colour	of	the	sea.

4. The	possible	reasons	for	slow	system	response	on	zooming	and	subsequent	ac-
tivation	of	links	could	be	due	to	the	client	side	scripting.

5. It is difficult to comprehend short snippets or summaries within each docu-
ment.

6. Difficulties exist in comprehending the footprint concept. This concept should 
be	better	illustrated.

7. Colour	coding	cartograms	according	to	relevance	and	the	linking	with	docu-
ments	in	the	result	sets	would	present	comprehensive	understanding	of	their	
association	with	a	geographical	unit.

8. Additional	information	relating	to	the	size,	colour	and	orientation	of	cartograms	
is	necessary	to	grasp	the	purpose	of	adopting	such	visual	representation.

9. Overlaying or overlapping stacks/clustering or cluttering makes it difficult to 
read.

8.5.3 Respondents’ Wishlist
The	participants	also	voiced	several	suggestions	for	enhancements	of	the	SPIRIT	prototype	
during	the	think	aloud	recordings:

1. Visual	system	feedback	is	an	essential	component	for	an	interactive	system;	this	
would considerably increase the efficiency of the users to glean through results 
sets.

8.4 Combined Relevance vs Perceived Relevance
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2. Provision	of	history	 functionalities,	 to	memorise	the	user’s	selections,	and	 in-
teraction	to	select	and	remove	documents.

3. Provision	of	title	and	visual	system	feedback	is	necessary	for	the	query	disam-
biguation	interface.

4. Provision of “Northing” on the map would be helpful to the users in identifica-
tion	of	cardinal	directions.

5. Provision of a numerical scale for filtering documents would be helpful
6. Provision	of	annotation	for	the	cartograms	and	summary	of	the	document	re-

sults	would	be	helpful.
7. Provision	of	topographic	information	would	be	extremely	helpful	to	provide	an	

overview	of	the	landscape.
8. Provision	of	a	“point”	as	reference	to	a	query	is	necessary	for	spatial	relations	

such	as	“near”,	“north	of”,	“south	of”,	“east	of	“and	“west	of”.
9. Incorporation	of	viewsheds	could	be	helpful.
10. Spatial	relationships	with	a	combination	of	cardinal	directions	within	a	distance,	

for	example,	“max.	10	km	north	of	Glasgow”	would	be	helpful.
11. Additional	annotation	on	selection	of	footprints	describing	the	relation	with	the	

documents	and	illustrating	the	extent	of	the	information	within	the	documents	
would	be	helpful.

12. Functionality	 to	have	multiple	search	regions,	or	comparison	between	the	re-
sults,	provision	of	statistical	information	can	enhance	the	visualization.

13. The	capability	to	save	the	user’s	selections	and	groupings	as	 layers	would	be	
helpful.

14. Activity	maps	with	respect	to	a	single	document	or	user	selection,	or	reference	
to	a	single	document	region	or	candidate	region	to	plot	activities	within	or	in	
reference to or based on resources available at a specific geographic region 
would	be	helpful.

15. Provision	of	tool	tips	and	labels	for	exploratory	tools	would	be	helpful.
16. Adaptive	zooming	or	step-wise	zoom	(in	or	out)	functionality	would	be	helpful	

to	explore	through	the	results.
17. Higher	resolutions	for	density	surface	representations	would	be	useful.
18. Toggling	and	grouping	(based	on	interactive	selection)	of	the	result	layers	would	

enhance	readability.
19. Toggling	 the	 density	 surface	 representation	 as	 layers	 could	 be	 helpful	 in	 im-

proving	the	readability	of	background	maps.	Similar	functionality	to	toggle	lay-
ers	should	be	facilitated	for	the	mock-up	isoline	representation.

8.5.4 Arguments and criticisms
Finally,	several	arguments	and	criticisms	of	the	system	were	brought	forward	by	the	partici-
pants:

1. Explain	why	the	geographic	extents	of	the	footprint	have	been	depicted	as	rec-
tangle

2. The	 use	 of	 pictogram	 is	 a	 nice	 idea	 to	 demonstrate	 the	 activity-based	 repre-
sentation. The distance on the X-axis is one dimension and can be understood. 
However,	it	is	unclear	what	the	Y-axis	means.	What	does	the	spatial	hierarchy	
mean?
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3. Why	isn’t	it	possible	to	take	the	geographic	limit	as	an	approach	for	footprint	
based	representation?

4. The	 test	 collections	 comprise	 of	 directory	 pages.	 How	 relevant	 are	 directory	
pages	within	the	result	set?

 8.5.5 Suggested improvement to the existing SPIRIT system
	 During	the	experimental	studies,	a	few	participants	provided	us	with	valuable	insights	to		
	 enhance	the	existing		SPIRIT	system.	They	are:

provision	to	formulate	multiple	queries	for	a	single	or	multiple	geographic	regions	.	
Thus	enabling	users	to	perform	a	comparative	analysis	based	on	user’s		requirements.

support	for	clustering	of	results	using	the	geographic	information	present	can	help	us-
ers	in	analysing	the	result	set.

improving	the	disambiguation	history	by	actively	enaging	users	and	provision	of	record-
ing	and	training	the	engine	based	on	the	geographic	disambiguation.

support	for	complex	geographic	prepositions	between	concepts	and	geographic	scope.

enabling of exploratory tools on selection of different visualizations could facilitate 
zoom-in/out	to	the	required	level	of	details.	Increased	explorability	and	interactivity	
when	using	density	surface	representation	and	cartogram	based	representation.

combined	ranking	information	in	the	visualization	has	been	challenging	to	perceive	
to the extent expected. Provision of effective visual feedback based on user’s selection, 
highlighting and filtering would server to meet the users requirements.

effective visual feedbacks on selection of specific feature in each of the visualizations.

8.6 Summary
	 	 Comprehending	the	results	obtained	from	the	experimental	studies,	this	chapter	pre-
sented the significance of different empirical measures for different visualization methods adopted 
or	designed.	Preliminary	analysis	of	 the	results	using	descriptive	statistics	revealed	some	missing	
data	 and	 missing	 value	 questionnaires	 that	 were	 discarded.	 In	 the	 course	 of	 this	 chapter,	 we	 dis-
cussed	a	 number	 of	 subjects	 involved	 and	 the	 nature	 of	 the	 responses	 for	 each	 session	be	 it,	 self-
learning,	supervised	or	unsupervised	sessions.	Valuing	varied	perspectives,	subjects	involved	in	the	
studies	were	drawn	from	varied	academic	backgrounds.	To	understand	the	nature	of	the	results,	and	
significant differences in users response, repeated measures ANOVA has been carried out to perform 
pair-wise comparisons of different visualizations. Repeated measures ANOVA was adopted because 
it	demonstrated	individual	patterns	of	changes	and	it	economised	on	the	subjects.	By	excluding	be-
tween-subject	sources	of	variability	from	the	experiment	error,	repeated	measurements	designs	of-
ten provide more efficient estimators of the relevant parameters than cross-sectional designs with 
the	same	number	and	pattern	of	measurements.

 Furthermore, to understand the interactions between different measures, profile plots or in-
teraction plots were drawn. Similar analysis was carried out to investigate the effects of different 
scenarios	presented	to	the	users,	which	 impart	varying	 levels	of	granularity,	context	and	scope	of	
the	results.	Statistics	reveal	that	there	was	relatively	higher	interaction	for	the	scenario	“cottages	in	
western	Scotland”	in	comparison	with	“	biking	south	of	London”.	While	in	the	simple	structured	inter-
face, there were also significant shifts in the users’ response for varying levels of granularity, context 
and	indexed	documents.	Furthermore,	mock-ups	(spatial	activity	and	isoline	representations)	have	
been	evaluated	for	their	practical	understandability.		Also,	insights	have	been	drawn	from	the	users’	
responses	by	comparing	the	working	prototype	representations	(map,	density,	footprint	and	carto-
gram)	with	the	mock-up	representations	(spatial	activity	and	isoline	representation).

•

•

•

•

•

•

•
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 The subsequent chapter runs through the critical findings of this experimental study and 
tries	to	draw	meaningful	inferences	from	statistical	insights	and	experiments	carried	out	not	only	in	
this	chapter	but	also	during	the	earlier	course	of	this	research,	reported	in	previous	chapters.	
.	
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“Reasoning-power;	or	Ratiocination,	called	by	some	Dianoetic	Reason,	is	the	power	of	
drawing	inferences	that	tend	towards	the	truth,	when	their	premises	or	the	virtual	asser-
tions	from	which	they	set	out	are	true.“.

-An Essay towards Improving Our Reasoning in Security and in Uberty’, EP 2:464, 1913
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Chapter 9

  The experiments reported in Chapter 8 have focused on evaluating the effectiveness 
of	several	techniques	for	the	visualization	of	search	results	in	spatially	aware	information	retrieval	of	
web	documents,	in	order	to	infer	their	strengths	and	weaknesses.	We	will	start	this	chapter	by	a	brief	
summary	of	the	main	characteristics	of	the	visualization	methods	developed	in	the	SPIRIT	prototype	
(Section	9.1).	Following	that,	we	will	discuss	the	results	of	the	experimental	evaluation	conducted	in	
our	study:

Information	seeking	process	(Section	9.2)
Cognition	and	conceptualization	of	geographic	space	(Section	9.3)
Mock-up	representations	(Section	9.4)
Impact	of	granularity	and	context	on	visualization	of	search	results	(Section	9.5)
Combined	relevance	vs.	perceived	relevance	(Section	9.6)
Learnability	of	the	SPIRIT	prototype	(Section	9.7)
Limitations	of	the	experimental	design	(Section	9.8)

9.1 Visualization methods used
	 One	of	the	prime	challenges	for	any	visualization	method	is	the	problem	of	accommodating	
as many documents on the geographical representation as can be fitted in the ranked textual list. 
With	varying	spatial	extents	of	the	individual	document	footprints	within	the	result	sets	the	task	of	
visually	presenting	this	information	in	a	convincing	manner	to	the	users	is	non-trivial	in	nature.		Al-
though	a	relevant	document	may	well	be	contained	in	the	top	ten,	the	ability	of	the	simplest	form	of	
representation	–	a	2-D	map	of	document	centroids	displayed	by	point	symbols	–	to	convey	informa-
tion	about	many	more	footprints	is	severely	limited.	Since	most	documents	have	identical	footprints	
when	using	point	symbols,	zooming	at	any	level	of	detail	will	not	allow	them	to	be	visualized	inde-
pendently	and	instead	two	interaction	techniques	were	adopted	in	the	SPIRIT	prototype	to	convey	
their	locations	to	the	user,	i.e.	brushing	and	highlighting	corresponding	documents	and	(URLs)	with	
corresponding	footprints.	 	However,	footprints	still	obscure	each	other	and	must	be	schematically	
illustrated (e.g. through a different symbol) to better convey information to the user.

•
•
•
•
•
•
•
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 9 9. Discussion

	 Problems	encountered	by	the	users	when	interacting	with	the	map	based	representation	of	
search	results	 led	 to	 the	 investigation	of	alternative	visualization	approaches	such	as	Density	sur-
face representations, Footprint based filtering technique and Cartogram based representations. The 
spatial	patterns	exhibited	by	the	geographic	extents	(footprints)	of	a	document	and	their	underlying	
relations	between	documents	make	it	non-trivial	to	derive	boundaries.	Thus,	a	density	surface	rep-
resentation	was	created	which	was	particularly	aimed	at	representing	such	imprecise	regions.	This	
approach	also	equips	users	with	perspectives	to	explore	how	the	density	of	the	documents	varies	
across	space,	showing	“hot	spots”	of	incidence.

	 The	Footprint	based	representation	focuses	on	the	scope	and	shared	position	of	footprints	
within	and	between	documents,		building	a	hypothesis	that	documents	with	a	few	or	single	narrow	
geographic extents may describe a single location and be thematically well defined, while documents 
with	multiple	and	large	geographic	scopes	may	typically	describe	activities	that	might	be	carried	out	
in	a	region	or	a	journey	through	a	region,	facilitating	more	general	descriptive	information.

	 Another	approach	adopted	to	collectively	summarize	the	frequency	of	documents	in	a	specif-
ic geographic unit (or administrative unit) was demonstrated using cartograms that reflect a theme 
based	representation.	In	the	following	sections,	we	discuss	the	outcomes	of	the	experimental	studies	
with	respect	to	the	usability	of	the	above	visual	representations	implemented	in	the	SPIRIT	proto-
type	as	well	as	mock-up	visual	representations	presented	to	the	users.

9.1.1 Outcome of the empirical studies.
 This section sets out discussing the critical findings of the experimental results presented in 
Chapter 8 and summarizes the inferences drawn from the statistical insights. The efficacy of the vari-
ous	representations	adopted	for	visualizing	geographic	information	retrieved	from	the	internet	are	
assessed	using	the	empirical	criteria	(ref.	Table	7.6	Chapter	7	p.181)	that	records	users’	acceptance	
on a Likert Scale. These empirical measures assess the usability of specific visualization methods and 
techniques	adopted	with	respect	to	the	tasks	they	serve.	

Pre-retrieval 

Query retrieval

The	concepts	of	spatial	search,	regional	search	and	place	name	search	have	been	at	the	core	
of	this	study,	where	participants	have	expressed	their	information	requests	either	by	using	
natural	language	or	by	graphically	illustrating	the	region	of	interest.	The	distinction	between	
spatial	search,	regional	search	and	place	name	search	can	be	drawn	based	on	the	perspec-
tives	they	serve.	From	both	qualitative	and	a	quantitative	perspective,	spatial	search	employs	
either	of	these	means:

Graphical depiction of a geographic location on a map or 
Geographic name identification with or without the use of keywords or by using 
coordinates.

For	 users	 employing	 either	 of	 these	 means,	 their	 expression	 is	 converted	 into	 geographic	
coordinates	to	extract	this	information.

The	place	name	search	process	is	merely	a	lookup	from	a	collection	in	a	place	name	gazetteer	
from	possible	matches	of	geographic	place	names.	Place	name	based	search	can	be	broadly	
used to identify the kind of resources available at a specific geographic location. It can how-
ever,	be	widely	argued	that	there	is	considerable	overlap	between	spatial	search	and	regional	
search. Observing the interactions, we have identified that participants expressed their re-
gion	of	interest	either	by	sketching	an	area	of	interest	by	drawing	a	polygon,	instilling	a	point	
on	the	map	using	the	Graphical	Interface.	While	the	simple	map	based	representation	was	
used	to	express	their	query	in	natural	language	as	a	triplet	(“concept, spatial relation, @loca-
tion/place name”).  Given the exercise, participants find that it has been easier to get started 

•
•
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 99.1 Visualization methods used

with	the	system	and	initiate	an	information	request	using	simple	map	based	representation.	
Support	for	such	inferences	are	drawn	from	strong	response	values	of	acceptance	(Table	8.2	
response	1).		For	instance,		the	scenario	“Hotels	near	Portee”	,	very	few	users	had	geographic	
knowledge	of	the	location	“Portree”,	which	is	a	town	on	an	island	and	thus	they	opted	to	ex-
press	their	region	of	interest	by	typing	in	Portree	in	the	Simple	Structured	Interface,	which	
translated	Portree	 into	geographic	coordinates	using	 the	Geographic	Ontology,	which	 then	
georeferences	the	information	with	respect	to	the	region	“Portree”.

	 The	 Graphical	 Interface	 provides	 the	 users	 with	 the	 possibility	 to	 graphically	 illus-
trate	the	region	by	sketching	the	region	of	interest.	For	instance	“western Scotland”	or	“south 
of London”	which	can	be	 termed	as	a	perceptual	region	or	vernacular	region.	 	For	each	of	
the	scenarios	assigned	to	the	users	during	the	experimental	studies,	the	perceptual	regions	
sketched differed from user to user. Support for these inferences are drawn from the think 
aloud	video	recorded	session	that	detail	how	users	expressed	their	information	request	using		
the	graphical	interface.

Geographic prepositions

Users	expressed	that	the	SPIRIT	prototype	supports	a	comprehensive	list	of	spatial	relation-
ships	(Table	8.2,	response:	3)	either	topological,	proximal	or	directional	such	as	near, in (in-
side), north of, south of, west of, east of, within distance, cross, outside.		A	few	users	cited	that	
it	 would	 be	 useful	 if	 SPIRIT	 could	 support	 complex	 queries	 with	 a	 combination	 of	 spatial	
relationships.

Result presentation

By	understanding	the	elementary	tasks	involved	in	the	spatially	aware	information	seeking	
process, the empirical criteria have been adopted to assess the efficacy of various visualiza-
tion methods.  We discuss the critical findings of the experimental studies against each em-
pirical	criterion	adopted.

Questionnaire Criterion/interaction task

1.This visualization was easy to use usefulness, interactivity, explor-
ability

For the empirical criteria usefulness, interactivity and explorability, significant differ-
ences	between	Density-Footprint	and	Density-Cartogram	representations	were	record-
ed,	which	is	due	to	the	functionality	and	purpose	each	of	them	serves	to	address	(ref.	Ta-
ble 8.4, Profile plot Fig: 8.1).  The Density surface representation presents an overview 
of	the	spread	of	the	documents	over	a	geographic	region	while	the	Footprint	based	rep-
resentation	presents	the	scope/geographic	extent	of	individual	footprints	within	and	
between	documents.	Whereas	Cartograms	depict	the	number	of	documents	present	in	
each	administrative	unit.		

•

Further analysis, to understand the training effects (ref. Fig: 8.3 & 8.4) reveals that 
there has been a significant shift in the users’ response for the Footprint based filter-
ing	technique	(supervised	session)	and	Map	based	representation	(supervised	session).	
Following	the	training,	concepts	such	as	geographic	extent	of	individual	footprints	and	
their	underlying	relations	within	and	between	documents	were	well	understood	by	the	
users which reflects the significant shift in their response. 

•
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There have been significant shifts in users’ responses for the scenarios “Cottages in 
western Scotland” and “Biking south of London”	using	the	graphical	interface	while	no	
significant difference has been recorded for scenarios using the simple structured in-
terface.	This	is	attributed	to	the	varying	levels	of	granularity,	context	and	scope	of	the	
results obtained from the SPIRIT system, as different users define the perceptual region 
of interest by sketching. This in turn influences the outcome of the results obtained 
from	the	SPIRIT	system.

•

2. It was easy to understand the information presented by 
this interface

Understandability, information 
presentation

Significant differences in the users’ response between Map-Footprint based representa-
tions,	Density-Footprint	and	Density-Cartogram	representation	in	Table	8.4	are	attrib-
uted	to	level	of	interactivity,	unique	perspective	each	of	these	representations	serves	
to address.  Further analysis to investigate the training effect reveals significant shifts 
in	 users’	 response	 for	 Footprint	 and	 Map	 based	 representations,	 attributing	 to	 their	
improved	understanding	of	the	concepts	of	geographic	footprint	following	training.	Sig-
nificant shifts in users’ response for Footprint based representation attribute to the 
perspective	they	present	that	users	can	selective	prune	through	the	results	based	on	
two	parameters,	namely	the	size	of	the	footprint	and	the	number	of	documents.

•

For the cartogram based representation the learning effects were less pronounced.•
Statistical analysis reveals that there has been a negligible difference in the mean re-
sponses for spatial qualifiers for the simple and graphical interface for all the scenarios 
presented	to	the	users.

•

3. The use of legends and annotations made it easier to 
understand the visualization

Supporting information for un-
derstanding or interpreting the 
information presented

There has been negligible difference in users’ response for various representations, 
which	is	attributed	to	the	lack	of	appropriate	legends	available	to	users	in	the	interface	
to	 interpret	the	results	presented	on	the	map.	Users	had	to	dig	through	the	HELP	to	
learn about specifics of each scheme adopted for different visualizations.

•

Learning effects were more pronounced for footprint and cartogram based representa-
tions	in	comparison	with	other	representations.

•

4. The use of colours was useful and appropriate Distinction, discrimination, 
visual relevance

The	usage	of	appropriate	colour	to	demonstrate	distinctiveness	based	on	relevance	(i.e.	
bluish grey (high relevance) to light grey (low relevance)) has no significant difference 
in	the	users’	response,	which	is	attributed	to	the	use	of	a	less	divergent	colour	scheme.	
Having	used	a	more	divergent	colour	scheme	from	ColourBrewer	(Brewer,	1994)	might	
have thrown in significant differences in users’ response.

•

Significant shifts in users’ response are accounted for training effects for Density, Foot-
print	and	Cartogram	based	representations.

•
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 99.6 Result presentation

5. The visualization provided a good way of looking at the 
results

Multiple-view capability, under-
standability

The	density	surface	representation	is	most	widely	accepted	representation	in	compari-
son	 with	 other	 visual	 representations,	 which	 is	 attributed	 to	 the	 unique	 perspective	
and	abstractness	with	which	it	presents	spatial	density	of	document	occurrences	over	
a defined geographic region. 

•

Learning effects are less pronounced for Density surface and Map based representa-
tions	 in	 comparison	 with	 Footprint	 and	 Cartogram	 representations.	 Despite	 the	 fact	
that	uniform	training	was	provided	with	similar	examples	for	all	the	visualizations	de-
tailing	key	functionalities	of	each	of	them.

•

�. Zooming was a useful tool in looking at the results. Filtering (excluding), highlight-
ing (including), sorting or re-ex-
pression

Significant differences in users’ response for Map vs. Cartogram are recorded, which is 
attributed	to	the	constant	changing	granularity	and	context	as	the	user	moves	through	
various	zoom	levels	using	 the	map	based	representation,	while	 the	cartogram	based	
representation	provides	only	an	overview	of	the	frequency	of	the	document	footprints	
within	an	administrative	unit.

•

Density	and	Cartogram	representations	provide	only	up	to	two	zoom	levels.	Added	to	
that	the	results	are	displayed	at	a	coarser	granularity	for	map	and	footprint	based	rep-
resentations,	while	only	three	study	areas	had	higher	resolution	available,	namely	Ed-
inburgh (UK), Cardiff (UK) and Zurich (CH).

•

7. It was easy to find documents which shared the same lo-
cation.

Findability, selection.

Significant differences have been recorded for the tasks to locate or associate footprints 
between	and	within	individual	documents	for	Map	vs.	Density,	Map	vs.Cartogram	and	
Footprint	vs.	Cartogram.	 This	 is	attributed	 to	 the	 level	 of	 interactivity	 Map	 and	 Foot-
print based representations offer to interactively select individual footprints and prune 
them.	While	the	Density	surface	representation	and	Cartogram	provide	only	an	abstract	
overview	of	document	densities	over	geographic	regions.

•

Learning effects are more pronounced for Map and Footprint based representations 
which	is	attributed	to	the	detailed	explanation	of	key	functionalities	of	both	visualiza-
tions.

•

With	varying	granularity,	context	and	results	obtained	from	each	of	the	scenarios,	the	
spatial qualifier profile plot reveals significantly higher response for Map and Footprint 
based	representations,	attributed	to	their	support	for	interactive	and	selective	pruning	
of	the	results.	

•

8. It was easy to get confused when using this interface. Counter check for ease of use 
and understandability.

Footprint	based	representation	was	least	understood	and	confuses	users	most.	This	is	
attributed	to	their	lack	of	understanding	of	the	concepts	such	as	geographic	extent	of	
a footprint, represented as a bounding box. In addition to that users find the overlap of 
these	footprints	and	highlighting	of	multiple	geographic	extents	for	a	document	selec-
tion	most	confusing.

•

Learning effects are more pronounced for Footprint based representations, which is at-
tributed to detailing of key functionalities that this specific visualization addresses.

•
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9. This visualization made it easy to find the most relevant 
documents for my task

Relevance/Rank/Findability

One	 of	 the	 primary	 objectives	 of	 the	 spatially	 aware	 information	 seeking	 process	 is	
to	 identify	 the	 most	 relevant	 information	 with	 respect	 to	 a	 geographic	 location.	 The	
footprint	based	representation	followed	by	the	Map	based	representation	has	been	the	
most	widely	accepted	visualization	to	identify	the	most	relevant	documents	for	a	given	
task.	 This	 is	 attributed	 to	 the	 inherent	 characteristics	 of	 the	 visualization	 that	 helps	
users	to	identify,	rank	and	explore	the	geographic	footprints	and	spatial	extent	of	indi-
vidual	documents.	

•

Learning effects are more pronounced for Footprint based representations followed 
by	Map	based	representations.		This	is	attributed	to	the	fact	that	the	Footprint	based	
representation	provides	users	with	functionality	to	selectively	prune	the	results	based	
on	two	parameters,	namely	the	spatial	extent	of	the	footprints	and	the	number	of	docu-
ments.	

•

Each	of	the	scenarios	returns	varying	levels	of	granularity	and	results.	The	map	based	
representations has been the most widely accepted representation to find the most rel-
evant	documents	for	the	given	tasks	using	the	graphical	interface.

•

10. Identify the regions with highest document density Explorability and interactivity. 
highlight

Significantly higher response is recorded for Density and Cartogram representations 
in	comparison	with	Map	and	Footprint	based	representation.	This	is	attributed	to	the	
inherent	functionality	of	the	Density	surface	representations	that	provides	the	spatial	
density of document occurrences over a defined geographic region in a single graphic 
view.	The	peaks	and	valleys	indicate	regions	of	highest	and	lowest	document	density.	
While	in	the	case	of	Cartogram		representations	the	size	of	the	circles	illustrates	regions	
of	high	and	low	document	concentrations	in	each	administrative	unit	in	the	case	of	Car-
togram	representations.	

•

Regions of highest document density can also be identified with clusters and stacks in 
Map	and	Footprint	based	representations.	The	height	of	the	stacks	in	Map	based	repre-
sentation	is	indicative	of	the	number	of	documents	that	share	a	similar	location.

•

11. It was easy to find the regions of the documents Explorability, interactivity, high-
light

The	Density	surface	representation	is	the	most	widely	accepted	representation	to	iden-
tify	regions	of	high	document	density,	followed	by	Footprint	based	representations	to	
identify	regions	of	the	documents	(ref.	Table	8.13).

•

9.1.2 Preferred representations
	 This	study	reveals	that	the	Density	Surface	Representation	is	a	widely	accepted	visual	rep-
resentation	 in	 comparison	 with	 other	 visual	 representations.	 Such	 inferences	 are	 supported	 by	 a	
stronger	response	value	favouring	Density	surface	representations.	This	is	due	to	their	inherent	char-
acteristics that they present a comprehensive summary of the spread of documents over a defined 
geographic	region.	Legends	and	annotations	serving	as	supporting	aides	have	little	impact	on	users	
in	inferring	the	information	presented	to	them.	

	 The	map	based	representation	in	its	simplest	form	was	widely	accepted	as	it	provided	users	
to	express	their	information	request	by	sketching	a	region	of	interest,	or	by	clicking	a	point	on	the	
map and the conceptual definitions to lookup. The 2-D map illustrates the structural characteristics 
of	the	documents	and	their	corresponding	footprints	at	the	same	location	arranged	as	a	stack.	The	
relatively low acceptance for findability of individual footprints is attributed to the increasing over-
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 9lap and clustering of footprints at a same location, which affects the readability of the geographical 
distribution	 of	 the	 footprints	 either	 qualitatively	 or	 quantitatively.	 The	 map	 based	 representation,	
was	ideally	used	as	a	basic	viewpoint	to	visualize	the	results.	Users	opted	to	switch	to	other	visualiza-
tions	for	further	analysis	of	the	results	obtained	from	the	SPIRIT	engine.

 Of the different visual representations, the Footprint-based representation is least under-
stood.	Support	for	this	inference	is	drawn	from	the	statistics	in	which	users	state	that	this	is	the	visu-
alization	that	gets	them	most	confused.	Further	analysis	of	the	results	reveals	that	this	has	improved	
considerably by providing adequate training to the users. A significant shift in the users’ response 
from	unsupervised	to	supervised	training	sessions	has	been	recorded	with	participants	responding	
positively	in	the	latter	half	(supervised	sessions)	of	the	experiments.	This	is	due	to	the	lack	of	under-
standing	of	the	concept	“geographic extent of a footprint“	by	the	user.	On	the	other	hand,	it	has	been	
easier	to	identify,	locate,	rank	and	understand	the	underlying	relationships	between	footprints	and	
documents	using	the	 footprint-based	representation.	This	 is	due	to	 its	ability	 to	selectively	prune	
through	the	results	based	on	the	geographic	extent	and	the	number	of	footprints.	

	 Cartogram	based	representations	was	relatively	least	understood	in	comparison	with	Foot-
print-based filtering representation and Density Surface representations, as it presents an abstract 
view	of	document	frequency/footprints	of	the	documents	within	an	administrative	unit	where	in	the	
geographic	area	is	not	preserved.	The	degree	of	abstraction	and	unfamiliarity	with	the	concept	is	even	
higher	for	cartograms	than	it	is	for	Density	Surface	representations.	In	addition,	there	is	arguably	an	
over-generalization	of	larger	(or	elongated)	administrative	units	using	cartograms	based	on	gradu-
ated	circles.	Cartograms	and	Density	Surface	representations	can	be	widely	adopted	for	geographic	
masking, ensuring spatial confidentiality. The resulting aggregated views based on the frequency or 
spread	over	a	region	help	in	regional	comparison,	which	cannot	be	achieved	using	map	or	footprint	
based	representations.

9.2 Information seeking process
	 Furthermore,	experimental	studies	reveal	that	the	spatially	aware	information	seeking	proc-
ess	tends	to	be	more	of	a	non-linear	nature,	where	users	tend	to	move	their	goal	posts	based	on	the	
information	encountered	or	presented	to	them	by	the	system.	Relevance	is	a	vital	aspect	of	the	spa-
tially	aware	information	seeking	process.	The	studies	reveal	that	there	are	possible	mismatches	in	
perceived	relevance	and	system	relevance.	System	relevance	methods	generate	‘objective’	measures	
allowing	benchmarking	and	comparison,	in	the	latter	case	(perceived	relevance),	human	cognitive	
systems	have	developed	in	such	a	way	that	our	perceptual	mechanisms	tend	automatically	to	acti-
vate	potentially	relevant	assumptions	and	our	inferential	mechanisms	tend	spontaneously	to	process	
observable	phenomena,	thoughts,	memories	based	on	the	information	presented	to	them.	The	proc-
ess	of	spatially	aware	information	seeking	is	initiated	through	query	formulation,	with	the	system	
facilitating	users	with	two	means	of	expressing	their	queries	either	through	the	use	of	the	Simple	
Structured	Query	 interface	or	 the	Advanced	Graphical	Visualization	 interface.	 In	 the	 former	users	
with	little	knowledge	of	a	geographic	region	have	expressed	their	information	request	using	natural	
language		in	the	form	of	the	triplet:	“concept”,	“spatial relation”,	“geographic location”.	To	address	the	
ambiguities	in	geographic	location,	a	selective	disambiguation	approach	serves	as	a	tangible	option.	
The	 latter	 method	 facilitates	 users	 to	 graphically	 express	 their	 information	 request	 by	 drawing	 a	
polygon and define the region of interest termed as “candidate region”.	Subsequently,	the	query	ex-
pansion mechanism helps users to accommodate further expansion or refinement to move their goal 
posts	based	on	the	information	encountered	during	the	process.

9.3 Cognition and conceptualization of geographic 
space
	 Given	the	set	of	scenarios	presented	in	the	early	stage	experimental	studies	(cf.	Chapter	7)	
and the final experiments (cf. Chapter 8), it reveals that users conceptualize and express their que-

9.3 Cognition and conceptualization of geographic space
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ries	based	on	their	experience	in	navigating	through	geographic	spaces.		Users	have	demonstrated	
a	subjective	perception	of	distance	and	their	information	request	constantly	changed	based	on	their	
understanding	and	association	of	context	with	respect	to	a	geographic	location.
	 Textual	conceptualization	of	the	information	request	often	is	referential	or	relative	to	a	spe-
cific geographic location or a place name that can be imprecise or ambiguous in nature. Moreover, the 
use	of	spatial	concepts	and	relations	also	varies	according	to	language	and	culture.	94	%	of	the	par-
ticipants	strongly	agree	or	agree	that	the	simple	structured	query	interface	which	facilitates	textual	
conceptualization can be considered as an effective means for information requests and 88% of the 
participants	either	agree	or	strongly	agree	that	the	simple	structured	interface	has	been	easy	to	use	
and	understand.	The	simple	structured	interface	has	been	the	preferred	choice	for	participants	with	
adequate	place	name	details.

	 Graphical	conceptualization	of	the	information	request	is	possible	only	when	the	users	dem-
onstrate	considerable	awareness	of	the	geographic	location	on	a	map.	For	instance,	Portree	is	a	small		
town	on	an	island	north	west	of	Scotland,	United	Kingdom.	Not	many	individuals	participating	in	the	
experimental	studies	have	been	capable	of	identifying	this	location	using	a	graphical	query	interface,	
due	to	lack	of	geographical	knowledge	of	this	particular	area.	Participants	expressed	their	graphical	
queries	either	by	drawing	a	polygon	across	a	region	on	a	map	and	specifying	their	contextual	inter-
est	and	their	spatial	association	using	a	geographical	preposition	or	alternatively	in	reference	to	a	
prominent	landmark	and	their	spatial	association	using	a	geographical	preposition.

9.4 Mock-up representations
	 Two	 representations	 –	 Spatial	 Activity	 Maps	 and	 Isoline	 representations	 –	 were	 originally	
foreseen	for	implementation,	yet	ended	up	being	evaluated	only	in	mock-up	versions	due	to	temporal	
restrictions.	Both	representations	received	higher	response	values	than	the	other	visualization	meth-
ods,	which	however	should	not	be	interpreted	as	a	possible	outcome	of	their	ease	of	use.		The	higher	
acceptance	primarily	may	be	due	to	the	lack	of	interactivity	of	the	mock-up	versions,	which	limits	
the influence of external factors such as cognition, interactivity and explorability which may bias the 
user’s	perception	of	a	particular	representation	method.		

	 A	fairly	higher	response	(§ref.	Table	8.30)	for	the	conceptual	illustration	of	Spatial	Activity	
Maps justifies the necessity to exploit and represent the inherent spatial hierarchy based on which 
the information can be classified. These pictorial representations demonstrate how symbols and as-
sociations of a specific activity can be meaningful in visualizing relevant context.  A positive feedback 
about	the	envisaged	functional	requirements	demonstrated	in	the	Spatial	Activity	Maps	is	the	usage	
of	a	decision	grid	which	enables	the	users	to	visualize	the	distance	from	the	centroid	of	the	‘region	of	
interest’	expressed	in	their	query.

	 Similar	to	the	Density	surface	representations,	Isoline	representations	demonstrate	the	gra-
dient	of	the	spread	of	documents	over	the	map	view.		Isoline	representations	can	serve	to	be	useful	
when specific information needs to be masked or it is required to list all the documents based on a 
specific similarity measure. Significantly higher response values were attributed to the use of colour 
gradients	to	illustrate	strong	variations	in	the	density	of	the	documents	over	a	geographic	region.

The user reactions gathered in the evaluation of mock-up representations have also helped  in defin-
ing		future	research	directions	detailing	key	functional	requirements	needed	by	individual	users.

9.5 Impact of level of granularity and context on visu-
alization of search results.
	 The	representative	sample	of	the	whole	set	of	documents	corresponds	to	the	spatial	granular-
ity	of	the	theme	based	on	spatial	relevance.	The	success	of	the	spatially	aware	information	retrieval	
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 9process	indeed	relies	on	the	fraction	of	web	pages	that	contain	recognizable	geographic	context.	The	
SPIRIT	 system	 used	 several	 gazetteers	 such	 as	 SABE	 (Seamless	 Administrative	 Boundaries	 of	 Eu-
rope)	data,	the	Ordnance	Survey	1:50,000	scale	Gazetteer	for	the	U.K.,	and	the	Getty	Thesaurus	of	
Geographic	Names	(TGN).

	 It	should	also	be	noted	that	the	SPIRIT	prototype	had	relatively	high	granularity	for	three	test-
regions, namely Edinburgh (United Kingdom), Cardiff  (United Kingdom), and Zürich (Switzerland), 
in	comparison	to	other	regions.	Figure	4.10	presents	a	snapshot	of	the	data	characteristics	where	a	
single	web	page	refers	to	places	which	are	disparate	and	irrelevant	to	the	user’s	request.	Grounding	
of	these	distinct	and	varying	spatial	extents	requires	uniformity	in	the	underlying	spatial	granularity	
for	users	to	explore	and	respond	to	the	relevant	geographic	information.	

	 A	relevant	document	on	“cottages	in	western	Scotland”	describes	chalets	or	cottages	in	and	
around	the	areas	of	Scotland,	namely	Loch	Lomond,	Loch	Katrine,	Loch	Achray,	Perthshire	etc.		In	re-
ality	(cf.	Figure	4.10),	the	nature	of	the	context	has	been	diverse	detailing	not	only	locations	outside	
the region such as in Nepal or the Alps but also significantly diverse contextual information. Often, 
this	has	prompted	users	to	re-initiate	the	query	process,	or	opt	out	for	query	expansion,	or	give	up	
altogether,	depending	on	the	user’s	perception.

 In total, four different scenarios reflecting varied resolution have been adopted, each of which 
presents results based on the specified geographic preposition given/defined in the scenario. Statis-
tical	analysis	revealed	that	there	has	been	little	impact	on	the	users’	responses	for	granularity	and	
context on the visualization of the search results. The mean response significantly varied for Map 
based	representation,	where	the	users	were	able	to	identify	relevant	documents	such	as		“cottages in 
western Scotland” with higher significance in comparison to “biking south of London”.

9.6 Combined relevance vs. perceived relevance
  Table 8.13 presents descriptive statistics of different visualizations to locate the geo-
graphic	scope	of	the	documents	for	the	advanced	visualization,	namely	Density	surface	representa-
tion,	Cartogram	representation	and	Footprint	based	representation.	Statistics	presented	in	Table	8.13	
reveal	that	participants	were	successful	in	identifying	regions	of	higher	density	using	Density	surface	
representations.	With	the	Cartogram	based	representation	it	wasn’t	easy	to	identify	the	regions	of	
the top 3 documents listed, as this representation presents the frequency of documents for specific 
administrative	units.		For	Footprint	based	representations,	there	has	been	a	higher	mean	response	
indicating	positive	feedback	with	respect	to	explorability	and	interactivity.	

	 It	 is	 interesting	to	note	that	 the	 level	of	 interactivity	and	explorability	has	considerable	 in-
fluence on the users’ perception of spatial relevance. Support for these inferences is drawn from 
the	qualitative	feedback	obtained	for	the	Footprint	based	representation	where	almost	all	of	the	50	
participants	were	successful	 in	either	 listing	partly	or	 fully	all	 the	5	documents	with	 the	smallest	
footprint and the largest footprint, respectively. Interestingly there were different documents listed 
for	each	of	the	options	using	the	same	visual	representation	(Footprint	based	representation).	

 This work can be extended to define a quantitative measure and draw insights between sys-
tem	generated	Combined	Relevance	and	what	users	perceive	as	spatially	relevant.

9.7 Learnability of the SPIRIT prototype
 Learnability is a key determinant of acceptance of the system by the users. A key finding of 
the	experimental	studies	reveals	that	94%	of	the	participants	either	agree	or	strongly	agree	that	it	
has	been	easy	to	get	started	with	the	system	and	initiate	an	information	request	(cf.	Table	8.2).	The	
success	of	any	search	interface	has	been	through	the	demonstrated	ease	of	usability	and	understand-

9.7 Learnability of the SPIRIT prototype
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ability,		88%	of	the	participants	either	agree	or	strongly	agree	that	the	search	interface	has	been	easy	
to use and understand.  Among many factors that influence the ease of understanding and learnabil-
ity	are	the	granularity	and	context	of	the	underlying	map	data.	52%	of	the	participants	either	strongly	
agree	or	agree	that	the	map	background	was	adequate	enough	to	serve	their	purposes.

	 A	prime	functional	requirement	was	the	support	for	geographic	prepositions	and	80%	of	the	
participants	have	responded	that	the	system	provided	support	for	interpreting		the	geographic	prep-
ositions	and	spatial	relationships	expressed	in	their	queries.	Varying	results	were	obtained	based	on	
the use of different geographic prepositions within their query.  A few users notedly indicated future 
directions	by	combining	cardinal	directions	with	neighbourhood	search	functionality,	which	is	an	il-
lustration	of	a	complex	query.		

9.8 Limitations of the experimental design
	 The	 experimental	 design	 process	 reported	 in	 Chapter	 7	 was	 based	 on	 iterative	 incorpora-
tion	of	suggested	amendments	during	the	preliminary	pilot	studies	carried	out	with	seven	Ph.D.	stu-
dents	working	in	the	GIScience	domain.		The	experiments	were	originally	designed	for	a	total	of	60	
candidates	with	equal	numbers	participating	in	each	of	four	groups.	Eventually,	only	50	candidates	
participated	in	the	study,	of	whom	only	1/3	were	female.		The	experiments	were	designed	for	prima-
rily	three	study	areas	that	had	high	resolution	data	available,	namely	Edinburgh,	United	Kingdom;	
Cardiff, United Kingdom; and Zürich, Switzerland. The limited scope of the underlying geographic 
data	taken	as	study	areas	limited	the	ability	to	investigate	other	geographic	prepositions	and	these	
visualisations present the information retrieved based on the specified criteria. Furthermore, it was 
difficult to document the time taken to accomplish each task due to the non-sequential and explora-
tory nature of the search process. In addition to the above, it was difficult to communicate real world 
task	situations	given	to	non-English	speaking	users,	as	they	were	described	in	English.	Notedly,	some	
users find it difficult to illustrate and express their search process in English during the think aloud 
sessions. Finally, as a research system, SPIRIT wasn’t optimal in terms of efficiency and reliability, 
which	has	impaired	its	usability	and	probably	in	turn	impaired	the	evaluation	of	the	results.

9.9 Summary
	 Comprehending	the	results	obtained	from	the	experimental	studies,	this	Chapter	ran	through	
the	relevance	of	the	research	and	supporting	empirical	studies	detailing	the	necessity	to	investigate	
the problems outlined in Chapter 1. It built on discussing critical findings of the thesis and then to the 
statistical	insights	obtained	from	Chapter	8.		
 

 To summarize, the statistical insights shed light on subjective response to the use of different 
visualization	methods	adopted	to	serve	the	underlying	characteristics	of	the	data.		With	Map	based	
representations	as	a	fundamental	approach	to	visualize	the	results,	the	other	visual	representation	
proved	to	be	helpful	to	the	users	when	used	in	conjunction	with	the	Map	based	representations.	

 Furthermore, a significant insight is that system generated relevance and perceived relevance 
significantly vary when exploratory and interactivity techniques are coupled with the visualization. 

	

9.9 Summary
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“Here’s where things get interesting. We’re at an inflecting point in the evolution of findabil-
ity”

- Peter Morville (2005, p.2)
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Chapter 10

	 This	thesis	has	elaborated	on	several	aspects	of	extracting	geographic	information	and	con-
temporary geovisualization. To reiterate, the specific objective of this thesis was to investigate vari-
ous	approaches	to	representing	geographic	information	that	had	been	extracted	from	unstructured	
textual sources such as the internet and finally validate their practical use in relation to the type of 
representation	adopted.	Here	 the	weaknesses	of	current	approaches	adopted	 for	geovisualization	
were made explicit and at the same time our work clearly illustrated the benefits of using different 
approaches	such	as	map based representation, density based representation, footprint based represen-
tation and cartogram representation.	

10.1 Insights
 This thesis has offered several significant research contributions relevant to the area of  geo-
graphic	information	extraction	and	representation	from	unstructured	textual	sources	such	as	web 
documents. For each of the research questions forming this thesis, the key findings are summarised 
below:

1. To what extent different information seeking models help us in defining the process 
of	spatially	aware	information	seeking	?

The “berry-picking model” proposed by Bates (1986) reflects the appropriate 
nature	 of	 the	 spatially	 aware	 information	 seeking	 process.	 Support	 for	 these	
inferences	is	drawn	from	the	requirements	gathering	and	think	aloud	sessions.	

•

The spatially aware information seeking process can be defined as the ability to 
perceive	(to	see	or	recognize)	space	and		retrieve	the	implicit	knowledge	which	
helps users define the position and orientation within the geographic space.

•
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The experiments were designed to achieve specific work tasks to achieve “Goal 
Posts/ Milestones” towards achieving the users’ final objective. Analysis of 
the video sessions (of 1/4 participants) reveals differences in how the users 
achieved their objectives, reflecting the non-linear and exploratory nature	of	in-
formation	seeking

•

Different users expressed their needs that are essentially based on their under-
standing and knowledge about a specific geographic region. For instance a query 

“biking south of London” has been interpreted differently by different users and 
the	graphical	illustration	of	the	query	region	varied	from	user	to	user.	Similar	
insights	were	drawn	for	a	query	“Hotels near Portree”. A significant number of 
users	wasn’t	aware	about	the	whereabouts	of	the	place	name	“Portree”	which	is	
north-east	of	Scotland.	

•

2. How	does	our	understanding	of	the	spatially	aware	information	seeking	process	
guide	us	in		designing	exploratory	representations	?

The spatially aware information seeking process is primarily influenced by the 
user’s implicit knowledge about a specific geographic region. The experimental 
studies	reveal	that	users	tend	to	express	their	queries	for	unknown	locations	
such	 as	 Portree,	 Les	 Diablerets	 using	 a	 simple	 text	 query	 interface,	 while	 for	
known locations the prefer to specify their query region by graphically defining 
the	query	region	as	a	polygon.	Support	for	these	inferences	are	drawn	from	the	
Thinkaloud	sessions,	where	users	when	prompted	to	 identify	regions	such	as	
Portree	switched	to	the	simple	text	query	interface,	while	for	queries	refering	to	
London,	users	expressed	their	query	region	by	drawing	a	polygon	on	the	map.

•

3. Which	of	the	exploratory	representations	assist	users	to	identify	geographic	infor-
mation	retrieved	from	unstructured	textual	sources	such	as	the	internet	?
None	of	the	representations	that	were	tested	in	this	work	seem	to	be	capable	of	cov-
ering	the	full	gamut	of	requirements	of	exploratory	visualization	of	geographic	in-
formation	retrieval,		but	are	in	many	ways	complementary	to	the	simple	map	based	
representations.	Each	of	these	visualization	techniques	serves	varying	functionali-
ties	and	key	insights	drawn	from	the	experimental	studies	reveal	that	

the	density	surface	representation	is	the	most	widely	accepted	visual	represen-
tations	 in	 comparison	 with	 other	 visual	 representations.	 Such	 inferences	 are	
supported	by	stronger	response	value	favouring	the	density	surface	representa-
tion	(ref.	Fig:	8.3	-	Usefulness,	Interactivity	and	Explorability	;	Information	pres-
entation	&	Understandability).	This	is	due	to	their	inherent	characteristic	that	
they	present	a	comprehensive	summary	of	the	spread	of	the	documents	over	a	
defined geographic region.  While in Fig: 8.3 (ref. locate/associate/findability), 
density surface representation is least favoured to locate/associate/find indi-
vidual	footprints	or	document	footprints.

•

the footprint based filtering representation is least understood and users tend 
to	get	most	confused	(ref.	Fig:	8.3-	Counter	check	for	usefulness	&	understand-
ability),	while	this	is	attributed	to	the	lack	of	understanding	of	the	concepts	re-
lating to  “geographic extent of a footprint”.  Fig: 8.4  records a significant shift in 
the	users’	response	when	provided	with	adequate	training	(supervised	session)	
and	it	has	been	easier	to	identify,	 locate,	rank	and	understand	the	underlying	
relationships	between	 footprints	and	documents.	This	 is	due	 to	 the	ability	 to	
selectively	prune	through	the	results	based	on	the	geographic	extent	and	the	
number	of	footprints.	

•

10. Conclusions
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 1010.1 Insights

a	stronger	response	value		favouring	map	based	representations	and	footprint	
based representations is attributed to the training effects  and understanding of 
the	concepts	relating	to	footprint	and	document	footprints.	The	map	and	foot-
print based filtering representations have been demonstrated as effective tools 
to	explore	through	the	result	set	based	on	the	geographic	extent	and	the	number	
of	footprints.

•

for	cartogram	representations,	the	degree	of	abstraction	and	unfamiliarity	was	
relatively	higher	than	density	surface	representation.

•

for cartogram representations, the learning effect was less pronounced.•
Map	and	Footprint	based	representations	provided	users	with	a	relatively	high	
exploratory	visualization	in	comparison	with	Density	and	Cartogram	based	rep-
resentation giving the flexibility to selectively prune the result sets based on 
the	spatial	extent	or	geographic	scope	of	the	footprints	or	the	individual	docu-
ments.	

•

in	reference	to	working	visual	representations,	the	mock-up	representations	re-
ceived very positive judgements by the test users, despite the fact that by defini-
tion	mock-up	representations	are	not	functional.	The	lower	response	values	can	
be attributed to the level of interactivity and explorability they offer.  

With	the	association	of	symbology	to	illustrate	a	spatial	activity	based	
on	the	information	available	within	a	document	listed	according	to	rel-
evance has drawn significantly high response, despite users failing to 
understand	 the	concept	of	 spatial	 hierarchy.	This	 is	 supported	by	 the	
recorded	observations	during	the	think	aloud	session.	
For	the	isoline	representations,	the	stronger	response	values	can	be	at-
tributed to the effective use of colour to illustrate regions of high geo-
graphic	relevance	in	comparison	to	regions	of	low	geographic	relevance,	
which differentiates it from the density surface representation. 

•

•

•

4. What metrics assess the efficacy of the visualization techniques adopted to repre-
sent	geographic	information	retrieved	from	unstructured	textual	source	such	as	the	
internet	?

The	comprehensive	task	structure	of	the	SPIRIT	system	was	mapped	on	to	the	
information	and	interaction	typology	proposed	by	Crampton	(2002).	Table	7.6	
details the empirical criteria adopted for comparing four different visual repre-
sentations	(map,	density,	footprint	and	cartogram).	

•

11	 empirical	 criteria	 are	 adopted	 to	 account	 for	 users’	 attention,	 motivation,	
learning,	explorability	and	interactivity.	These	criteria	are	presented	to	the	us-
ers	in	the	form	of	a	simple	questionnaire.	

•

Geographic relevance
	 To	reiterate,	one	of	the	objectives	of	the	experimental	studies	was	also	to	investigate	perceived	
relevance	as	compared	to	system	generated	relevance.	At	the	core	of	any	search	process,	the	topic	
of contentions has been that of defining relevance. Different users had varying responses to what is 
to	be	perceived	as	a	geographically	relevant	document	collection	presented	as	a	textual	list	based	on	
combined	ranking	(spatial	+	conceptual	ranking;	van	Kreveld	et al.,	2005).		In	total	38	participants	
out of 50 (i.e. 76%) identified geographically relevant documents which did not resemble the top 
5	 documents	 presented	 by	 the	 SPIRIT	 engine.	 This	 indicates	 that	 geographic	 relevance	 perceived	
by the users is considerably different from that generated by the SPIRIT engine. Moreover, this per-
ceived relevance constantly differed between users when they visually explored using the advanced 
visualizations	(Density,	Footprint	and	Cartogram	based	representations).
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Geographic scope
	 Figure	4.10	illustrates	the	nearest	approximation	of	the	characteristics	of	the	data,	which	de-
tails	numerous	geographic	references	within	a	single	web	page.	The	web	page	refers	to	places	such	
as	Nepal,	Norway,	Alps	etc.	while	the	users	information	request	has	been	to	identify	“hotels	inside	
Scotland,	U.K”.		These	geographic	references	within	a	web	page	may	or	may	not	relate	to	the	candi-
date’s	query	topic	being	“hotels	inside	Scotland,	U.K”.		The	footprint	of	such	a	document	extends	from	
Nepal	 to	Greenland.	Similarly,	 the	concepts	within	a	single	web	page	refer	 to	other	concepts	 than	
those	requested	by	the	user,	i.e.	hotels.	On	interaction	with	the	web	page	(system	generated	relevance	
web page), the users’ perception of relevance differs. By its very nature, the representation of these 
imprecise	regions	is	very	challenging.	

10.2  Limitations
 In this section, we detail the constraints that limited and influenced either directly or indi-
rectly	our	research.

Evaluation
 Since it was a research system, the SPIRIT prototype wasn’t optimized in terms of efficacy, us-
ability	and	reliability,	which	impaired	the	evaluation	of	the	results	in	several	ways.

	 The	experiments	investigate	the	results	at	a	coarser	granularity	while	only	three	study	areas	
had higher resolution available, namely Edinburgh (UK), Cardiff (UK) and Zurich (CH). Due to restric-
tions of the test data available (limited web collection and spatially indexed data), specific work tasks 
had	to	be	assigned	to	the	users	during	the	experimental	studies	in	order	to	prevent	them	from	facing	
misbehaviours	of	the	SPIRIT	prototype,	which	is	likely	to	happen	if	the	users	were	allowed	to	try	un-
restricted	queries.	Otherwise,	the	query	for	“Indian	restaurants	in	Les	Diablerets”	would	simply	fail	
because	there	are	neither	spatial	data	nor	web	documents	available	in	the	test	database	about	this	
particular	place	and	topic.

	 While	the	above	point	can	be	argued	that	having	homogeneous	simulated	work	tasks	would	
help	in	uniform	assessment	of	visualization	based	on	the	underlying	data	sets,	it	is	to	be	noted	that		
each document illustrates a hetrogeneous context (§ref. Fig 4.10) making it difficult for the users to 
define the relevance of the document in reference to their expressed information request.

Information Fallacy
	 Users	acquiring	information	from	unstructured	textual	sources	such	as	web	documents	often	
encounter	contradicting	information	resulting	in	misconceptions	from	incorrect	reasoning.	This	may	
be	due	to	the	(lack	of)	reliability	of	the	information	source	or	the	information	contained	within	the	
web	documents.	This	can	be	 termed	 information fallacy,	which	may	be	created	unintentionally,	or	
may	be	created	intentionally	in	order	to	impart	misconceptions.	One	such	illustration	is	Wikipedia,	
where misinformation may propagate although more recently, there have been efforts to improve the 
accuracy	of	the	information	by	peer	reviewing.	In	the	case	of	spatially	aware	information	retrieved	
from the web documents, the effect of information fallacy and its subsequent representation cannot 
be	ignored.	Future	work	should	investigate	this	aspect,	to	what	percentage	of	the	web	constitutes	
this	misleading	information	and	ways	to	eliminate	information	fallacy	in	geographic	information	re-
trieval.

Encoding Semantic Relationships between Geography and Con-
ceptual terms
	 Existing	gazetteers	seldom	encode	semantic	relationships	between	places	and	such	informa-

10. Conclusions
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 10tion	is	least	exploited	by	existing	search	engine	facilities.		The	Getty	Thesaurus	of	Geographic	Names	
(TGN)	 encodes	 such	 relationships	 by	 recording	 hierarchical	 relationships	 between	 place	 names	
based	 on	 administrative	 and	 	 spatial	 features.	 TGN	 emphasizes	 more	 the	 relation	 between	 places	
than	their	actual	location	on	the	earth	in	terms	of	map	coordinates.	The	gazetteers	provide	us	with	
geometrical locational data confined to a simple footprint in the form of a centroid or a minimum 
bounding rectangle. Efforts should be made to exploit such information and populate the gazetteers 
with	spatial	relationships	(such	as	distance,	direction)	based	on	their	actual	location	on	the	earth	in	
terms	of	map	coordinates.	A	user	searching	for	information	about	a	location	or	place	would	often	like	
to	have	information	about	them	denoted	by	names	that	are	super	ordinate	terms,	subordinate	terms,	
synonyms	or	related	terms.

Other limitations
It was difficult to document the time taken to accomplish each task in the experimental 
studies,	due	to	the	non-sequential	and	exploratory	nature	of	the	spatially	aware	infor-
mation	seeking	process.	
It was difficult to communicate real world task situations (scenarios) to non-English 
speaking	test	users,	as	they	were	described	in	English.

Open Ends
	 Besides	 leading	 to	some	essential	 insights,	 this	 thesis	still	 leaves	some	questions	not	com-
pletely	answered	.	These	include:

 With diverse contextual information contained within a web page, geographic classification 
of	a	web	collection	or	the	results	of	a	web	search	is	a	non-trivial	task.	It	is	also	quite	challenging	to	
associate a specific activity based on a diverse set of activities illustrated within a specific web page, 
thus making it difficult to implement spatial activity maps. Future work, drawing upon the geographi-
cal classification of web pages can serve to build activity based thematic representations such as 
spatial	activity	maps,	which	were	thus	far	only	implemented	as	mock-ups	in	this	thesis.

	 Interesting	 questions	 are	 also	 related	 to	 varying	 the	 footprint	 indexing	 strategies	 that	 are	
adopted,	which	would	contribute	to	the	accuracy	of	the	results	returned	by	the	search	engine.	This	
can	also	be	expected	to	have	a	direct	impact	on	the	way	the	visual	representations	are	constructed.	
Hence,	the	visual	representations	are	driven	by	the	underlying	footprint	strategies		adopted,	requir-
ing	further	investigation.	

	 Among	 other	 feature	 enhancements	 discussed	 in	 this	 Chapter,	 the	 success	 of	 the	 spatially	
aware	information	seeking	process	primarily	depends	on	the	adoption	of	geographic	query	expan-
sion	techniques	such	as	interactive	feedback,	interactive	place	name	expansion	(by	using	a	spatial	hi-
erarchy)	and	incorporation	of	distance	and	direction	based	query	expansion.	This	can	be	achieved	by	
improving geographic named entity recognition techniques, their classification and mapping them 
onto	real	world	spatial	resolution.

	 Finally,	while	our	empirical	research	has	been	able	 to	clearly	establish	that	 there	exist	sig-
nificant differences between the various techniques used to visually represent the results of spatially 
aware information seeking, we have still not provided a definitive visualization strategy. Future work 
will	have	to	extend	on	our	research	and	develop	and	implement	a	visualization	strategy	that	dynami-
cally adapts the representation method used to the search task that the user is trying to fulfil. Hence, 
future	work	will	have	to	clearly	determine	which	representation	method	works	best	under	which	
circumstances.

•

•

10.2 Limitations
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10.3 Outlook
	 In	recent	years,	the	interest	of	the	academic	research	community	as	well	as	search	engine	
providers	into	geographical	information	retrieval	has	been	soaring,	making	the	work	presented	in	
this	thesis	highly	relevant	and	timely.	Yet,	since	geographical	information	retrieval	as	well	as	the	asso-
ciated methodologies are a very novel and developing field, there are naturally still quite a few areas 
where	further	improvement	is	necessary	and	possible.	This	research	has	laid	the	ground	for	future	
work,	hence	helping	in	this	research	endeavour.

Inclusion of Geographic Information
	 The	surge	of	interest	in	GIS	and	geography	sheds	light	on	merging	more	geoweb	services	and	
integration	of	disparate	data	sets	with	a	purpose	to	use	the	earth	itself	as	an	organizing	metaphor	
for	digital	 information.	Thus,	technology	is	driving	us	to	integrate	and	manage	geographic	data	to	
create	a	true	Digital model of the Earth,	that	looks	beyond;	where	any	individual	has	the	capability	to	
integrate	spatial	data	of	any	structured	or	unstructured	type	that	goes	beyond	the	base	map	of	the	
world	approach.	The	challenge	here	is	to	see	to	what	extent	does	technology	exponentially	scale	up/	
support	the	visualization	function,	which	is	the	key	to	provide	organized	information	to	the	end	users	
without	the	problem	of	information	overload	in	the	design	of	on-line/on-demand	mapping	services.

The Spatio-temporal Dimension
 Of	the	many	characteristics	that	the	information	available	on	the	internet	describes,	time	is	a	
key one. Time can be defined as either the date of creation of the web document or information which 
details the occurrence of a specific event at a geographic location. This can potentially be exploited by 
the	users	to	answer	spatio-temporal	queries	such	as	“hotels	within	5	minutes	walk	from	Haupt-bahn-
hof,	Zurich”.	Future	work	could	 investigate	spatio-temporal	aspects	of	 the	geographic	 information	
and	its	visual	representation.

	 News	corpuses	are	often	rich	with	spatio-temporal	indications	of	events	occurring	at	a	spe-
cific geographic location. These events are often associated with bursts (many occurrences in a short 
period)	of	news	stories.	The	events	documented	in	the	news	corpus	either	have	occurred	in	the	past	
at a specific instance of time or  are occurring at present or will occur  in the future (Yang et al.,	1999).	
These	spatio-temporal	events	referring	to	a	geographic	location	occur	for	short	durations	or	some-
times without defined occurrence in time, often referred to as “aoristic”, a term used by Ratcliffe 
(2002).	Support	for	these	arguments	is	drawn	from	the	works	being	carried	out	by	Yang	et al.	(1999),	
Ratcliffe (2002), Herzog (2003), and Tezuka and Tanaka (2005). Furthermore, the news corpus is 
considered to be highly reliable source of information  as it documents events at a specific geographic 
location at a specific instance of time.

Landmark Extraction from Corpus
	 A	continuation	of	this	research	should	also	analyse	and	develop	methods	for	the	extraction	
of landmarks relating to a specific geographic location from a corpus. This was suggested during 
the	experimental	studies	when	some	participants	 indicated	that	 their	queries	often	associate	 less	
significant geographic objects to more significant and outstanding geographic objects. Such objects 
are	often	termed	landmarks.	Theoretical	grounding	can	be	drawn	from	the	works	of	Couclelis	et al.	
(1987)	in	their	anchor-point	theory	that	illustrates	how	humans	tend	to	construct	hierarchical	struc-
tures to relate insignificant geographic objects using the neighbourhood of significant hierarchical 
objects.	Future	work	should	investigate	what	percentage	of	the	queries	actually	refer	to	landmarks	
and	how	we	can	present	localised	visual	representations,	orienting	users	in	reference	to	the	chosen	
or	illustrated	landmarks	in	the	query.

10. Conclusions
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	 This	thesis	has	been	embedded	in	the	SPIRIT	project	in	which	six	European	research	groups	
explored new avenues of finding and extracting geographic information from unstructured textual 
sources	such	as	web	documents.	In	this	project	the	research	consortium	also	built	a	prototype	system	
that	implements	the	spatially	aware	information	seeking	process	using	a	web	document	collection	of	
around	one	terabyte.	Making	use	of	this	prototype,	this	thesis	brought	about	qualitative	evidence	that	
indicates that the “berry-picking model” is the appropriate model to reflect the nature of the spatially 
aware	 search	 process.	 Most	 importantly,	 experimental	 studies	 have	 been	 carried	 out	 that	 yielded	
meaningful insights with respect to the use of different geovisual representations adopted to visual-
ize the geographic information retrieved from the internet and their significant differences. Finally, 
the	study	suggests	that	no	single	visualization	method	is	capable	of	covering	the	entire	spectrum	of	
requirements of visualization methods for this purpose, yet the results also indicate that the different 
methods	are	complementary	to	each	other.

10.4 Closing remarks
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Internet Statistics

Table C.1 Top 20 Countries with highest number of internet users

Country or 
Region

Internet us-
ers, Latest 
Data

Population 
(2006 Est.)

Internet 
Penetra-
tion

Source and Date of 
Latest Data

% Users 
of World

1.USA 205,326,680 299,093,237 Nielsen/NR	Jan’06
2.China 111,000,000 1,306,724,067 CNNIC	Dec/05
3.Japan 86,300,000 128,389,000 eTForecasts	Dec/05
4.India 50,600,000 1,112,225,812 C.I.Almanac	Mar/05
5.Germany 48,721,997 82,515,988 59.0% Neilsen/NR	Jan’06

6.UK 37,800,000 60,139,274 62.9% ITU/Oct05 3.7%
7.Korea
(South)

33,900,000 50,633,265 67.0% eTForecast	Dec/05 3.3%

8.Italy 28,870,000 59,115,261 48.8% 48.8%	 ITU	Sept/05	
2.8%

2.8%

9.France 26,	214,173 61,004,840 43.0% Neilsen/NR	Jan’06	 2.6%

10.Brazil 25,900,000 184,284,898 14.1% eTForcasts	Dec/05	 2.5%

11.Russia 23,700,000 143,682,757 16.5% eTForcasts	Dec/05	 2.3%

12.Canada 21,900,000 32,251,238 67.9% eTForcasts	Dec/05	 2.2%

13.Indonesia 18,000,000 221,900,701 8.1% eTForcasts	Dec/05	 1.8%

14.Spain 17,142,198 44,351,186 38.7% Nielsen/NR	Jan’06	 1.7%

Notes: (1). World Internet User Statistics were updated as of March 31, 2006.  (2) Data for users in individual 
countries and regions may be found by clicking each country name.  (3) Population numbers are based on data 
contained in the world-gazetteer page. (4) The most recent user information comes from data published by 
Neilsen/NetRatings, ITU and other trustworthy research sources. (Source : InternetWorldStats.com)
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Table C.1 Top 20 Countries with highest number of internet users

Country or 
Region

Internet us-
ers, Latest 
Data

Population 
(2006 Est.)

Internet 
Penetra-
tion

Source and Date of 
Latest Data

% Users 
of World

15.Mexico 16,995,400 105,149,952 16.2% AMIPCI	Nov/05 1.7%
16.Australia 14,189,557 20,750,052 68.4% Nielsen/NR	Jan’06	 1.4%

17.Taiwan 13,800,000 22,896,488 60.3% C.I.Almanac	Mar/05 1.4%
18.Nether-
lands

10,806,328 16,386,216 65.9% Nielsen/NR	Jan’06 1.1%

19.Poland 10,600,000 38,115,814 27,.8% ITU	Sept	05	 1.0%
20.Turkey 10,220,000 74,709,412 13.7% IWS-Mar.31/06 1.0%

Top	20	Coun-
tries

811,986,333 4,064,319,458 20.0% IWS-Mar.31/06	 79.45

Rest	of	the	
world

210,876,974 2,435,377,602 8.7% IWS-Mar.31/06 20.6%

Total	world	
users

1,022,863,307 6,499,697,060 15.7% IWS-Mar.31/06 100.0%

Notes: (1). World Internet User Statistics were updated as of March 31, 2006.  (2) Data for users in individual 
countries and regions may be found by clicking each country name.  (3) Population numbers are based on data 
contained in the world-gazetteer page. (4) The most recent user information comes from data published by 
Neilsen/NetRatings, ITU and other trustworthy research sources. (Source : InternetWorldStats.com)

Table C.2 World Internet Usage and Population Statistics (Source : InternetWorldStats.com)

World Re-
gions

Population 
(2006 Est.)

Popula-
tion % of 
World

Internet Us-
age Latest 
data

% Popula-
tion (Pen-
etration)

Usage 
% of 
the 
world

Usage 
Growth 
200-
2005

Africa 915,210,928 14.1% 23,649,000 2.6% 2.3% 423.9%
Asia 3,667,774,066 56.4% 380,400,713 10.4% 36.5% 232.8%
Europe 807,289,020 12.4% 294,101,844 36.4% 28.2% 179.8%
Middleast 190,084,161 2.9% 18,203,500 9.6% 1.7% 454.2%
North	
America

331,473,276 5.1% 227,470,713 68.6% 21.8% 110.4%

Latin	Ameri-
ca

553,908,632 8.5% 79,962,809 14.7% 7.8% 350.5%

Oceanic/
Australia

33,956,977 0.5% 17,872,707 52.6% 1.7% 134.6%

World	total 6,499,697,060 100% 1,043,104,886 16.0% 100% 189%
Notes: (1). World Internet User Statistics were updated as of March 31, 2006.  (2) Data for users in individual 
countries and regions may be found by clicking each country name.  (3) Population numbers are based on data 
contained in the world-gazetteer page. (4) The most recent user information comes from data published by 
Neilsen/NetRatings, ITU and other trustworthy research sources. (Source : InternetWorldStats.com)
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Table C.3 Top ten languages used in the web (Source : InternetWorldStats.com)

Top ten lan-
guages in the 
internet

% of all in-
ternet users

Internet users 
by language

Internet Pen-
etration by 
Language

Internet 
Growth for 
Language 
(2000-
2005)

World Popu-
lation 2006 
Estimate for 
the language

English 30.0% 312,924,679 27.8% 128.1% 1,125,664,397
Chineese 13.8% 144,301,513 10.8% 346.7% 1,340,767,863
Japaneese 8.3% 86,300,000 67.2% 83.3% 128,389,000
Spanish 7.5% 78,166,075 17.9% 216.7% 429,293,281
German 5.6% 58,214,778 60.7% 110.9% 95,982,043
French 4.4% 45,807,499 12.0% 275.5% 381,193,149
Korean	 3.2% 33,900,000 45.8% 78.0% 73,945,860
Portugese 3.1% 32,372,000 14.0% 327.3% 230,846,275
Italian 2.8% 28,87,000 48.8% 118.7% 59,115,261
Russian 2.3% 23,700,000 16.5% 664.5% 143,682,757
Top	ten	lan-
guages	

81.0% 844,556,544 21.0% 160.7% 4,008,879,867

Rest	of	the	
world	lan-
gauges

19.0% 198,548,342 8.0% 436% 2,490,817,193

World	total 100% 1,043,104,886 16.0% 189.0% 6,499,697,060
Notes: (1). World Internet User Statistics were updated as of March 31, 2006.  (2) Data for users in individual 
countries and regions may be found by clicking each country name.  (3) Population numbers are based on data 
contained in the world-gazetteer page. (4) The most recent user information comes from data published by 
Neilsen/NetRatings, ITU and other trustworthy research sources. (Source : InternetWorldStats.com)
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Early stage requirements gathering exercises

Testing of Geo-search Interfaces
SPIRIT Consortium

Dear	Sir/Ma’m,	

Many	thanks	for	volunteering;	your	participation	will	helps	us	in	designing	a	web	based	geographi-
cal	information	retrieval	system.	We	are	a	group	of	European	researchers	working	together	on	a	
common project, SPIRIT. Our final goal is to design it to meet user’s needs. 

The	set	of	activities	you	do,	will	allow	us	to	understand	better,	how	current	geo-search	engines	and	
text	search	engines	are	used	and	perceived.	You	will	receive	some	scenarios	describing	a	situation	
where	a	person	needs	to	search	for	geographical	information	and	you	could	use	a	set	of	tools	to	
solve	the	problem.

Before searching, you will be requested to fill in questionnaire and after the search to answer few 
questions on your experience with different tools. 

This	is	roughly	the	schema	of	your	participation	lasting	for	1	hour:
Questionnaire	(15	minutes)
Self-learning	process	of	some	selected	geo-search	engines	on	the	web	(15	minutes)
3	searching	(45	minutes,	15	minutes	each).

Please feel free to ask any information or clarification at any time of the evaluation.

We	thank	you	very	much	for	your	co-operation.

The	SPIRIT	Consortium.

You	can	contact	us:

Ross	Purves

GIS	Division,	Dept	of	Geography,

University	of	Zürich-Irchel,

rsp@geo.unizh.ch

•
•
•
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Syed	Awase	Khirni

GIS	Division,	Dept	of	Geography,

University	of	Zürich-Irchel

sak@geo.unizh.ch

Job

Describe	your	job:

Company	/	Institution:

Years	of	Experience:

Education and Qualification:

Age
Less	
than	
25

25-34 35-44 45-54 over	54

Sex Male Female

Which	languages(s)	do	you	speak,	read	or	write?
(List	the	language(s)	and	tick	the	box	that	apply).

Native	 Fluent Fair Basic

How	often	do	you	use	another	language	than	your	native	one?
(tick	all	that	apply	and	write	the	language(s)	in	the	space	provided).
Daily Seveal	times	a	week Once	a	week Occasionally Never

Do	you	search	in	foreign	languages?
Yes No
If	“YES”,	please	specify

As	a	computer	user,	do	you	consider	yourself:	(tick	one)
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1
Novice

2 3 4 5
Expert

Do	you	use	technological	equipment	other	than	a	desktop	PC	to	access	the	internet?
Yes No
If	“YES”,	please	What	do	you	use?
Laptop Personal	Organizer	

(as	Palm	Pilot)
PDA	(such	as	Nokia	
Communicator)

WAP Others,	Please	
specify

As	a	searcher	do	you	consider	yourself:
1
Novice

2 3 4 5
Expert

How	often	do	you	search	for	information	for	work	purposes?
Daily Seveal	times	a	week Once	a	week Occasionally Never

If	you	do	not	get	the	result	you	expect,	you	normally:
(tick	all	that	apply)
Slightly	change	the	query	and	search	again
Completely	change	the	query	and	search	again
Switch	to	an	“advanced”	search	mode
Change	the	search	engine
Ask	somebody	else	for	help
GIve	up
Other,	please	specify

Do	you	use	directories	as	support	for	searching	(e.g.	categories	of	objects)?
Yes No

Which	web	search	engines	do	you	use?
(tick	all	that	apply	and	give	a	percentage	of	use)
Altavista
Yahoo
NothernLight
Excite
About
Ask	Jeeves
Go
Kartoo.net
Others,	please	specify

Have	you	ever	used	geographical	information	services	on	the	web?
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Never
Multimap How	often?
Map24.com How	often?
Somewherenear.com How	often?
Upmystreet.com How	often?
Mapquest.com How	often?
Mapblast.com How	often?

If	you	had	used	one	of	the	services	above,	in	which	context?
Planning	a	business	travel
Planning	a	leisure	travel
Looking	for	accomodation
To find a map of a place
To find a service on the map
Others,	please	specify

.
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Essential information on geographical services on the web

Multimap.com provides maps and location-based services, mainly in Europe. Multimap offers street-
level	maps;	travel	directions;	aerial	photographs;	and	other	local	information	(e.g.hotels,	restau-
rants).

Map24.com offers an interactive map navigation of Europe. It allows to browse the map without 
asking	for	precise	address.	In	addition	to	maps	a	graphical	routing	service	is	available.

Mapquest.co.uk is another map provider. It offers driving directions too.

Upmystreet.com finds services (e.g. shops, hotels, etc.) ont he bases of a specific addtress. 

Essential	information	on	text	based	search	on	the	web

Kartoo.com	a	text	search	engine	with	a	special	visualization	interface	of	the	result.	We	would	like	
you	to	test	for	us.	

Google.com	a	text	search	engine	which	is	widely	used.	

You should now help us understand how a geographical search service has to be designed 
on the basis of your judgement on currently available map services and search engines. 
Listed below are few scenarios that give a description of a situation and a goal to achieve. We 
request you to document your thinking process in each step, by writing it down, under the 
space provided. Please take some time to read the scenarios and answer a few questions. 
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Scenario-I

You are planning your two week vacation in the Black Forest in Germany. You would like to 
go cycling thus have to identify the best route cycling around. You would also include visits to 
small cities as well as big city in your travel plan. Possibly include in your tou a visit to home 
town of Jan Ulrich, the winner of Tour de France, 1997. 

1.Based	on	the	scenarios	given	above.	How	do	you	wish	to	proceed?	Which	are	the	tools	you	think	
are	useful?

2.Which	keywords	would	you	use	for	searching	?

3.How would you define your intermediate goals to reach your final objective? Please list the inter-
mediate	goals?

4.Do	you	prefer	to	use	free	text	based	search	interface	as	a	starting	point	or	map	based	interface	as	
a	starting	point?

5.Do	you	think	the	information	provided	above	was	clear	enough,	for	you	to	identify	your	interme-
diate	goals?

6.Please	specify	the	queries	formulated	by	you	for	the	scenario	and	document	your	interaction	dur-
ing	the	search	sessions?	For	e.g.	Hotels	in	Zürich	(Google)
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Scenario-II

You are planning to spend your vacation on the mediterranean coast of France and wish to 
stay in reasonably large city with good restaurants, commercial shopping centers. You would 
prefer the accomodation in a city on the coast since you wish to practice windsurfing in a 
nearby place. You wish to hire the equipment for windsurfing thus you need a fully equipped 
beach service.

1.Based	on	the	scenarios	given	above.	How	do	you	wish	to	proceed?	Which	are	the	tools	you	think	
are	useful?

2.Which	keywords	would	you	use	for	searching	?

3.How would you define your intermediate goals to reach your final objective? Please list the inter-
mediate	goals?

4.Do	you	prefer	to	use	free	text	based	search	interface	as	a	starting	point	or	map	based	interface	as	
a	starting	point?

5.Do	you	think	the	information	provided	above	was	clear	enough,	for	you	to	identify	your	interme-
diate	goals?

6.Please	specify	the	queries	formulated	by	you	for	the	scenario	and	document	your	interaction	dur-
ing	the	search	sessions?	For	e.g.	Hotels	in	Zürich	(Google)
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Scenario-III

You want to go on a trip to the Swiss Alps with your family. You have heard from a friend that 
there is some nice mountaineering near a place called Aigle, and also some pleasant walks 
that you could do with your children ( who are aged 7 and 9 respectively). 
You want to book a chalet to stay in with your family, and also get information about moun-
taineering routes, rock climbing and hiking in the area. You have heard of one mountain 
called Les Diablerets with nice landscapes.

1.Based	on	the	scenarios	given	above.	How	do	you	wish	to	proceed?	Which	are	the	tools	you	think	
are	useful?

2.Which	keywords	would	you	use	for	searching	?

3.How would you define your intermediate goals to reach your final objective? Please list the inter-
mediate	goals?

4.Do	you	prefer	to	use	free	text	based	search	interface	as	a	starting	point	or	map	based	interface	as	
a	starting	point?

5.Do	you	think	the	information	provided	above	was	clear	enough,	for	you	to	identify	your	interme-
diate	goals?

6.Please	specify	the	queries	formulated	by	you	for	the	scenario	and	document	your	interaction	dur-
ing	the	search	sessions?	For	e.g.	Hotels	in	Zürich	(Google)

Note: Please check if you have answered all the questions. If you have competed all the questionnaires, 
please proceed to the interview.
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Snap shots of various interfaces widely used

Figure	E.1	Simple	Text	based	starting	point	Google	(www.google.com)
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Figure	E.2	Textual	listing	of	results	Google	(www.google.com)

Figure	E.3	Simple	Text	based	starting	point	Grokker(www.grokker.com)
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Figure	E.4	Result	presentation	interface	Grokker	(www.grokker.com)

Figure		E.5	Simple	text	based	interface	as	starting	point:	Webbrain	(www.webbrain.com)	Touch-
graph	visualization
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Figure	E.6	Result	presentation	Webbrain	(www.webbrain.com)

Figure	E.7	Simple	text	based	interface	as	starting	point:	Kartoo	(www.kartoo.com)
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Figure	E.8	Interactive	cartographic	result	presentation	:	Kartoo	(www.kartoo.com)
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Figure	E.9	A	snapshot	of	Starting	point	and	result	presentation	of	spatial	search	engines	launched	
late	2005:	Google	Local	(http://www.local.google.com)
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Figure	E.10	A	snapshot	of	Starting	point	and	result	presentation	of	spatial	search	engines	launched	
late	2005:	YahooLocal
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Figure	E.11	A	snapshot	of	Starting	point	and	result	presentation	of	spatial	search	engines	launched	
late	2005:	Windows	Live	local
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Geographic data sources (Purves, 2003)

Country Precision/Scale Format

France
BDTopo	(feature	based	vector	data	set)-	8	princi-
pal	themes:	transport,	routes,	electricity	network,	
hydrography,	buildings	and	vegetation;	descrip-
tion	of	relief,	administrative	boundaries,	and	place	
names.	The	data	set	is	divided	into	two	elements	
BDAgglo	(towns)	and	BDPays	(countryside).

~1m EDiGeo	
Same	as	BD	
Carto

BDCARTO-	Cartographic	dataset	:	Themes	include	
road	networks,	rail	networks,	place	names,	hydrol-
ogy,	adminstrative	units,	diverse	elements
Derivatives:	Route120,	GeoFLCP,	GEOFla

~15m	-	source	scales	are	
1:50,000	and	1:100,000

EDIGeo,	Shape-
file, MIF/MID, 
ARC/INFO	ex-
port,	Geoconcept	
export, DXF

GeoFLA/GeoFLCP-	Adminstrative	boundaries	of	
France	down	to	the	level	of	communes.	GeoFLCP	
also	contains	polygons	describing	French	postal	
districts

As	BDCarto EDIGeo,	Shape-
file, MIF/MID, 
ARC/INFO	ex-
port,	Geoconcept	
export,

GEOROUTE-	Road	dataset	for	navigation	purposes	
with	a	precision	of	5-10m	in	urban	zones	and	10-
20m	in	the	rural	zones.

5-10m	(urban)	and	10-
20m	(rural)

EDIGeo,	Shape-
file, MIF/MID, 
Geoconcept	
export.

ROUTE120-Road	network	data	of	France	120,000	
km.	Features	include	railways,	towns,	etc.	Similar	
product	Route500	describes	500,000	km	of	road	
network.

As	BDCarto EDIGeo,	ARC/
INFO	MIF/MID,	
Shapefile, Geo-
concept	export

BDNYME-	A	total	of	90	possible	place	types	are	
listed	in	1.7	million	place	names	which	are	includ-
ed	in	the	dataset.

1:25,000 ASCII	Text	for-
mat,	Image

Germany
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Country Precision/Scale Format
DBLM	-	Vector	data	set	at	a	scale	of	1:25,000 3-15m	for	features	and	

the	scale	ranges	from	
1:10,000	to	1:30,000

EDBS,	ARC/INFO
Export,
ARC/INFO
Coverage,	ARC/
INFO
Shape,	AutoCAD	
DXF.

DLM250,000-	Vector	data	set	from	1:250,000	
paper	maps

1:150,000	and	1:30,000 ARC/INFO
coverage,	ARC/
INFO	Export,	
ARC/INFO	Shape

DLM	500,000-	Vector	data	set	produced	by	scan-
ning	1:500,000	rastermaps	and	digitzing.

1:750,000	to	1:500,000 ARC/INFO	Ex-
port,	ARC/INFO	
Generate,	ARC/
INFO	Shape

Netherlands
Top10L,	1:10,000	object	based	model	for	the	
whole	of	Netherlands	delivered	as	GML.

1:10,000 GML

Top10Vector	-cartographic	vector	dataset	avail-
able	as	layers	such	as	main	routes,	rail	and	air	in-
frastructure,	other	routes,	vegetation	and	landuse,	
hydrology	and	borders.

1:10,000 NEN1878,	ARC/
INFO, DXF, DGN

Top50	Vector 1:50,000 NEN1878,	ARC/
INFO, DXF, DGN

Top250Vector 1:250,000 NEN1878,	ARC/
INFO, DXF, DGN

Switzerland
Vector25-9	thematic	layers	and	has	a	national	
coverage.	The	layers	include	rail,	road	networks	
and other traffic networks. Hydrology, primary 
surfaces	(landuse),	building,	hedges	and	trees.	POI

3-8m,	1:25,000 ARC/INFO	e00,	
ArcviewShape-
file, Interlis 1, 
AutoCAD DXF.

Vector200-	cartographic	base	dataset	1:200,000.	It	
consists of 6 layers, traffic network, hydrographic 
network,	primary	surfaces,	boundaries,	building	
and	single	objects	(POI).

1:200,000,	20-60	m ARC/INFO	e00,	
Arcview	shape-
file, AutoCAD 
DXF.

GG25-	Adminstrative	boundaries	at	a	nominal	
scale	of	1:25,000

1:25,000	and	3-8	m ARC/INFO	e00,	
Arcview	Shape-
file, Interlis 1, 
AutoCAD DXF

SwissNames-	geographical	names	database-	
190,000	Names

1:25,000	and	3-8	m Arcview	Shape,	
Text

United Kingdom
Mastermap-	Seamless	object	database 1:1,250	(urban)	to	

~1:2,500	(rural)
GML
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Country Precision/Scale Format
Meridian2-midscale	dataset	-	2	themes	-Com-
munication	and	topography.	Avaiable	as	national	
coverage,	England,	Scotland	or	Wales.	Derived	
from	OSCAR	(	a	road	management	dataset)

Nominal	1:50,000 NTF, Shape, DXF 
and	MIF

Strategi-	small	scale	dataset.	7	classes	of	features:	
Communications,	water	features,	settlements,	
adminstrative	boundaries,	woods	,	landuse	and	
tourist	featues.

1:250,000 NTF, Shape, DXF 
and	MIF

Address	point	-	grid	reference	of	26	million	ad-
dresses	in	the	U.K.	Used	in	association	with	the	
post office address file

Nominal	0.01	m CSV

CodePoint	-	1.6	million	U.K	postcodes	to	grid	coor-
dinates.

1	m ARC/INFO	E00,	
MIF

POI-3	million	points	of	interest	with	over	750	
types	of	POI,	uppermost	10	types	subdivided	into	
56	individual	categories

~1	m	(positional	accuracy	
flag provided in the data)

ASCII

Pan European datasets
TeleAtlas	MultiNet	-	Plethora	of	information,	in-
cluding	geometry,	geocoding,	routing,	navigation	
and	POI

5-12	m GDF(ASCII),	
Shape	and	Oracle	
Spatial

Eurostreets-	GeoDan-	Derived	from	MultiNet-Lay-
ers	include	Roads	&	Steets,	incl.	house	number,	
waterareas	and	waterways,	ferries,	built	up	areas,	
nature	areas,	recreation	areas,	islands,	industrial	
areas,	adminstrative	areas	and	POI

as	MultiNet Shape/mapinfo	
or	any	common	
GIS	format

Major	roads	of	Europe-	extracted	from	MultiNet as	MultiNet as	MultiNet
SABE	DATA 30	or	200m ArcInfo	Export.
Europe	4/5	digit	postcode	points 1:2500,	000	125	m Shape/MapInfo
1	Digit	postcode-	consists	of	country	codes 1:2500,000,	125	m Shape/MapInfo



Exploratory Representation for Geographic Information Retrieved from the Internet320

Appendix G

Exploratory Representation for Geographic Information Retrieved from the Internet 321

Experiment Design

Evaluation of Spatially Aware Information Retrieval System
 (SPIRIT)

www.geo-spirit.org
1-ABCD

Dear	Assessor,

Many	thanks	for	volunteering;	your	participation	will	help	us	in	assessing	the	usability	of	visualiza-
tions	developed	for	SPIRIT	project	(Spatially	Aware	Information	Retrieval	on	the	Internet).	SPIRIT	
is	a	state-of-the-art	spatially	aware	information	retrieval	system	designed	and	implemented	by	a	
group	of	European	researchers.	SPIRIT’s	purpose	is	to	allow	users	to	search	the	internet	using	both	
geographic	and	conceptual	terms.

Our	objective	is	to	measure	the	practical	usability	of	the	visualizations	developed	to	display	the	
results	of	searches.

The	set	of	activities	you	do	will	allow	us	to	understand	better	how	the	SPIRIT	search	engine	is	used	
and	perceived	by	users.	We	will	ask	you	to	work	through	a	set	of	scenarios	describing	situations	
where	users	need	to	search	for	geographical	information.	Online	“help”	is	provided	to	assist	you	in	
understanding	the	functionalities	of	the	SPIRIT	system.

The	SPIRIT	system	has	restrictions	to	query	regions	because	the	geographic	data	that	has	been	used	
is more detailed around Cardiff, Edinburgh and Zurich. A brief questionnaire accompanies this email, 
to	allow	us	to	better	understand	your	background,	exposure	to	search	engines	and	information	
needs.	

Subsequent to filling in this questionnaire you will be asked to design a scenario, where you wish 
to	perform	a	search	for	geographical	located	information	based	on	your	interests	and	you	think	you	
could	use	the	SPIRIT	search	engine	to	solve	the	problem.

After	the	search	you	will	once	more	be	asked	to	answer	few	questions	based	on	your	experience	of	
usage	of	the	SPIRIT	system.
This	is	a	rough	timetable	of	your	participation	lasting	for	1	and	half	hours.
•	 Fill	in	initial	questionnaire	(5	minutes)
•	 Self-learning	process	of	SPIRIT	engine	-	Tutorial(15	minutes)
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•	 2-Scenarios	presented	by	us,	for	search	process	(30	minutes)
•	 User	scenario	formulation	–	15	minutes.
•	 User	scenario	search	process	-15	minutes.
•	 Personal	Interview/Feedback	-15	minutes

Please feel free to ask for any information or clarification at any time during the evaluation.

We	thank	you	very	much	for	your	co-operation.	The	results	of	this	study	will	form	an	important	part	
of	my	PhD,	and	it	is	also	intended	that	they	shall	appear	in	refereed	journal	articles.	No	information	
allowing you to be identified will be published.

You	can	contact	us	through:
Syed	Awase	Khirni,25	L	94,	GIS	Division,	Department	of	Geography
University	of	Zurich
Tel:	+41-44-635	52	56
Email:sak@geo.unizh.ch	

Instructions 
Before	examining	aspects	of	SPIRIT	search	engine	service,	you	are	requested	to	familiarize	yourself	
with	the	functionalities	at	your	disposal.	For	assistance,	please	refer	to	the	online	help.	

1. You can find the two interfaces at the following addresses:

Simple	Interface	
http://cheese.geo.unizh.ch:28080/tmp/visinterface/index.jsp	

Account	:	guest
Password:	guest

Advanced	Interface
http://cheese.geo.unizh.ch:28080/applet/graph.jsp

2.	You	shall	be	provided	with	a	questionnaire	to	gather	the	your	background	information.	This	task	
usually	takes	5	minutes	to	complete,	helping	us	understand	your	experience	and	background

3.	A	standard	tutorial	is	provided	to	help	you	understand	and	learn	the	SPIRIT	system	functionali-
ties.	Please	answer	the	questionnaire	attached	with	the	tutorial	while	carrying	out	the	learning	
process.	This	task	usually	takes	15	minutes.

4. You are requested to carry out the tasks assigned to you, with the specified user interface, for 2 
scenarios	illustrated.	We	request	that	you	strictly	follow	the	order	in	which	corresponding	visuali-
zations	have	to	be	used.		A	set	of	questionnaire	are	provided	during	the	search	process,	for	you	to	
document	the	process.	This	task	usually	takes	about	30	minutes.

5.	For	one	of	the	scenarios	(“Hotels	near	Portree”)	given	to	you,	snap	shots	of	the	visualization	are	
provided,	to	help	you	understand	how	the	system	works.

6.	Imagine	a	scenario,	where	in	SPIRIT	is	used	to	meet	your	needs.	We	recommend	you	to	illustrate	
the	scenario	in	detail,	so	as	to	help	us	to	better	understand	your	needs.	This	task	roughly	involves	
15	minutes.
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7.	Considering	the	scenario	formulated	by	you,	please	carry	out	the	search	process	using	SPIRIT	and	
the interface of your choice. Please specify why a specific user interface has been chosen. This task 
roughly	involves	15	minutes.

8.	Please	proceed	to	Personal	Interview	once	the	above	jobs	have	been	completed.	This	usually	
takes	15	minutes.

In the event of any difficulties, in understanding approach your test coordinator for more informa-
tion	or	help.
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Appendix –A
Background information about you

(5	Minutes)
1.1 Which best fits your current position?
	 Please	tick	one	box.
Diploma	student
If	yes,	which	semester:
If	yes,	what	is	your	“Hauptfach”?
If	yes,	what	is	your	“Nebenfach”?
Academic teaching staff
Librarian
PhD	Student
Other	(Please	Specify)

1.2	 How	often	do	you	use	search	engines	such	as	Google,	Yahoo,	etc?
Please	tick	one	box.

Daily
Several	times	a	week
Once	a	week
Once	or	twice	a	month
Never
Please	specify	the	search	engine	you	normally	use:

1.3	 How	often	do	you	use	internet	services	that	include	mapping,	e.g.	Google	Maps,	www.map24.
com,	map.search.ch,	etc?

Daily
Several	times	a	week
Once	a	week
Once	or	twice	a	month
Never
Please	specify	the	mapping	service	you	normally	use:

1.4	 For	what	purposes	do	you	the	mapping	services	described	above:

1.5	How	familiar	are	you	with	the	use	of	paper	maps?
Please	tick	one	box.
Very	familiar
Quite	familiar
Occasional	use	
Use	rarely
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Never	use
For	what	do	you	most	commonly	use	them(e.g.	ski	touring,	
hiking,	travel	maps,	research..)
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Simple Interface Questionnaire
	

(15 Minutes)

Instructions:
To help you understand the questionnaire better screenshots of simple interface 
are provided with question numbers highlighted on each of them.(Refer to the 
Screenshots Provided)
Incase of any confusion, you are advised to refer back to these screenshots for 
reference or approach the test organizer for assistance.
Using the “Simple interface” make a query for “hotels in Scotland” and “hotels 
near Glasgow”, then answer the following questions.

1.	It	was	easy	to	get	started	with	the	system	and	make	my	query

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

2. It was obvious what to type in the different boxes of the simple interface:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

If	you	had	problems,	please	detail	these:
__________________________________________________________________________

3. The list of spatial relationships provided was sufficient:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

If	you	would	like	to	have	more	relationships	available,	please	specify	them:

___________________________________________________________________________

4. Did you find the interface interesting?

Yes,very	much A	little	 No,	not	at	all

5. It was easy to find the locations of documents listed to the right of the map on the map

Yes,very	much A	little	 No,	not	at	all

If you found this difficult, please explain why:

___________________________________________________________________________

•

•

•
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6.	Did	you	have	any	other	problems	using	or	understanding	the	interface?

7.  The background mapping was sufficiently detailed

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

8.	The	basic	map	functionality	(pan,	Zoom,	etc)	was	easy	to	use

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

9.	What	other	basic	map	functionality	might	have	been	useful?
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Group I

Scenario-I

Cottages in “Western Scotland”
Advanced Interface

You wish to go for a holiday with your family in the ‘western Scotland’.  You wish to book a 
cottage for a week long stay. You have chosen SPIRIT to achieve your objective of finding “cot-
tages in ’western Scotland’ ”.

Please carry out the tasks described for the illustrated scenario

Scenario-II

Hotels near Portree.
Simple Interface

You wish to go on holiday to Portree and plan to book a hotel for your family. You have chosen 
SPIRIT to achieve your objective of finding “hotels near Portree”

Please carry out the tasks described for the illustrated scenario
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Advanced Interface 
-A-

“                                             “

Post Retrieval Questionnaire

Simple Map based Representations
1.	List	the	top	5	documents	you	found.

2.	List	the	names	and	addresses	of	3	places	of	interest	found	from	relevant	documents	for	your	task.

3.	Identify	places	where	many	relevant	documents	were	found	with	respect	to	your	query?

4.	List	the	5	documents,	from	the	results	list,	which	are	most	relevant	with	respect	to	your	query?

5.	This	visualization	was	easy	to	use

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

6.	 It	was	easy	to	understand	the	information	presented	by	this	interface

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

If	not,	please	give	an	example:

___________________________________________________________________________

7.	 The	use	of	legends	and	annotation	made	it	easier	to	understand	the	visualization

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

8.	 The	use	of	colours	was	useful	and	appropriate:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree
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9.	 This	visualization	provided	a	good	way	of	looking	at	the	results

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

10.	 Zooming	was	a	useful	tool	in	looking	at	the	results:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

11. It was easy to find documents which shared the same location

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

12.	 It	was	easy	to	get	confused	when	using	this	interface:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

13. This visualization made it easy to find the most relevant documents for my task:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

14:	How	could	this	interface	be	improved?
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-B-
Density Surface Representation

1.	Identify	the	regions	with	highest	document	density?

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

If	you	can	identify	these	regions,	please	describe	them	(e.g.	north	of	Scotland,	etc.)	
_________________________________

2.	The	visualization	makes	it	easy	to	see	how	document	density	varies	over	space?

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

3.	This	visualization	was	easy	to	use

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

4.	It	was	easy	to	understand	the	information	presented	by	this	interface

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

If	not,	please	give	an	example:

___________________________________________________________________________

5.	The	use	of	legends	and	annotation	made	it	easier	to	understand	the	visualization

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

6.	The	use	of	colours	was	useful	and	appropriate:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

7.	This	visualization	provided	a	good	way	of	looking	at	the	results

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

8.	Zooming	was	a	useful	tool	in	looking	at	the	results:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree
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9. It was easy to find documents which shared the same location

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

10.	It	was	easy	to	get	confused	when	using	this	interface:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

11. This visualization made it easy to find the most relevant documents for my task:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

12.		How	could	this	interface	be	improved?

¬¬¬¬¬¬¬¬¬¬¬¬
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-C-
Footprint based Filtering

1. It was easy to find the regions of the following documents
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1st	ranked	document
2nd	ranked	document
3rd	ranked	document

2.Identify the top five documents with the smallest footprint (geographical extent)?

3.Identify the top five documents with largest footprint (geographical extent)?

4.	List	5	documents	which	you	perceive	as	most	relevant	with	respect	to	your	query	after	using	foot-
print based filtering technique?

5.	This	visualization	was	easy	to	use

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

6.	It	was	easy	to	understand	the	information	presented	by	this	interface

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

If	not,	please	give	an	example:
__________________________________________________________________________

7.	The	use	of	legends	and	annotation	made	it	easier	to	understand	the	visualization

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

8.	The	use	of	colours	was	useful	and	appropriate:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree
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9.	This	visualization	provided	a	good	way	of	looking	at	the	results

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

10.	Zooming	was	a	useful	tool	in	looking	at	the	results:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

11. It was easy to find documents which shared the same location

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

12.	It	was	easy	to	get	confused	when	using	this	interface:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

13. This visualization made it easy to find the most relevant documents for my task:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

14.	How	could	this	interface	be	improved?

	



Exploratory Representation for Geographic Information Retrieved from the Internet33� Exploratory Representation for Geographic Information Retrieved from the Internet 33�

-D-
Cartogram 

1.  A single region had a significantly greater document frequency than all the others 

2. It was easy to find the regions of the following documents
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2nd	ranked	document
3rd	ranked	document

3.	This	visualization	was	easy	to	use

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

4.	It	was	easy	to	understand	the	information	presented	by	this	interface

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

If	not,	please	give	an	example:

_________________________________________________________________________

5.	The	use	of	legends	and	annotation	made	it	easier	to	understand	the	visualization

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

6.	The	use	of	colours	was	useful	and	appropriate:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

7.	This	visualization	provided	a	good	way	of	looking	at	the	results

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

8.	Zooming	was	a	useful	tool	in	looking	at	the	results:
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Strongly	Agree Agree Neutral Disagree Strongly	Disagree

9. It was easy to find documents which shared the same location

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

10.	It	was	easy	to	get	confused	when	using	this	interface:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

11. This visualization made it easy to find the most relevant documents for my task:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

12.	How	could	this	interface	be	improved?
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Simple Interface
“Hotels near Portree”

Post Retrieval Questionnaire

Simple Map based Representations

1.	List	the	top	5	documents	you	found.

2.	List	the	names	and	addresses	of	3	places	of	interest	found	from	relevant	documents	for	your	task.

3.	Identify	places	where	many	relevant	documents	were	found	with	respect	to	your	query?

4.	List	the	5	documents,	from	the	results	list,	which	are	most	relevant	with	respect	to	your	query?

5.	This	visualization	was	easy	to	use

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

6.	 It	was	easy	to	understand	the	information	presented	by	this	interface

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

If	not,	please	give	an	example:

___________________________________________________________________________

7.	 The	use	of	legends	and	annotation	made	it	easier	to	understand	the	visualization

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

8.	 The	use	of	colours	was	useful	and	appropriate:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

9.	 This	visualization	provided	a	good	way	of	looking	at	the	results

Strongly	Agree Agree Neutral Disagree Strongly	Disagree
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10.	 Zooming	was	a	useful	tool	in	looking	at	the	results:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

11. It was easy to find documents which shared the same location

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

12.	 It	was	easy	to	get	confused	when	using	this	interface:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

13. This visualization made it easy to find the most relevant documents for my task:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

14:	How	could	this	interface	be	improved?
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-E-
Illustrate	a	detailed	scenario,	where	SPIRIT	can	be	helpful	in	obtaining	the	required	geographic	
information	with	respect	to	it.	

Enlist	the	tasks	involved	in	the	illustrated	scenario	and	carry	out	the	search	process	using	SPIRIT.

How	you	been	successful	in	obtaining	the	required	information	for	the	illustrated	scenario?	

Strongly	Agree Agree Neutral Disagree Strongly	Disagree
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 -F-
Spatial Activity Plot

Instructions:
 The following visualization depicts a list of activities that could be performed at a spe-
cific region of interest specified in the information request. “Resorts in Scotland”
 A two dimensional graph plot, showing (centroids of the geographical extents) of the 
footprint with in individual and between documents are represented in the visualization. 
 Each of these document footprints are plotted against the distance from the centroid of 
the query footprint expressed by the user and spatial hierarchy on X and Y-axis. 
 A decision grid of 5x5 km is constructed in order to help users visualize the positioning 
of the document footprints with in the spatial hierarchy.

1. It was easy to understand the information presented in the figures above.

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

2.	It	was	easy	to	understand	the	information	presented	by	this	interface

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

If	not,	please	give	an	example:
_________________________________________________________________________

3.	The	use	of	legends	and	annotation	made	it	easier	to	understand	the	visualization
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•
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Strongly	Agree Agree Neutral Disagree Strongly	Disagree

4.	The	use	of	colours	was	useful	and	appropriate:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

Figure	Spatial	activity	map	using	real	datasets	with	symbols	depicting	the	contextual	details	of	each	
document	for		a	query	“resorts	in	Scotland,	United	Kingdom”.

5.	This	visualization	provided	a	good	way	of	looking	at	the	results

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

6. The use of symbols to illustrate activities was effective and appropriate

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

7. Is contextual classification based on activities an effective way of representing information

Strongly	Agree Agree Neutral Disagree Strongly	Disagree
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8.	It	was	easy	to	get	confused	when	using	this	interface:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

9. Are decision grids an effective means of identifying documents based on proximity and direction

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

10. This visualization makes it easy to find the most relevant documents for my task:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

11. It is an effective way of abstraction of the results.

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

11.  Identify the difficulties in understanding the visualization?

12.		How	could	this	interface	be	improved?
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-G-
Isoline Representation

Instructions:
The following visualization is a design concept, aimed to evaluate the effectiveness of 
the	concept.
The	“mockup	visualization”	presents	the	results	for	the	query	“Hotels	near	Edinburgh	
Castle,	Edinburgh”.
An	isoline	map	is	constructed	with	continuous	lines	joining	points	of	the	same	value	
(combined	relevance).	As	combined	relevance	varies	in	space.	Isoline	mapping	is	used	to	
interpret	the	information	on	some	thematic	maps.	
The	peaks	or	regions	with	higher	color	density	are	regions	of	higher	combined	rel-
evance.

1. It was easy to understand the information presented in the figure above.

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

2.	 It	was	easy	to	understand	the	information	presented	by	this	interface

•

•

•

•
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Strongly	Agree Agree Neutral Disagree Strongly	Disagree

If	not,	please	give	an	example:
___________________________________________________________________________

3.	 The	use	of	legends	and	annotation	made	it	easier	to	understand	the	visualization

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

4.	 The	use	of	colours	was	useful	and	appropriate:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

5.	 This	visualization	provided	a	good	way	of	looking	at	the	results

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

6. It was easy to find documents which shared the same location

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

7.	 It	was	easy	to	get	confused	when	using	this	interface:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

8. This visualization makes it easy to find the most relevant documents for my task:

Strongly	Agree Agree Neutral Disagree Strongly	Disagree

9.  Identify the difficulties in understanding the visualization?

10.		How	could	this	interface	be	improved?
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Appendix H

Exploratory Representation for Geographic Information Retrieved from the Internet 3��

Factorial Design to impart Uniform Learning effect

1 A B C D

2 A C B D

3 A C D B

4 A D B C

5 A B D C

6 A D C B

A-	Map	based	interface

B-	Density	Surface	Representation

C-	Footprint	based	Filtering

D-	Cartogram	Representation
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Table I.1 Real needs expressed by participants during evaluation of visual representa-

tions developed for SPIRIT.

S.No User defined scenario Geographic 
prepositions

Keywords used

1. Climbing	in	Croatia/Scotland	
near	the	sea

near Climbing,	Croatia,	Scotland

2. Restaurants	in	Zürich In Restaurants,	Zürich
3. Surfschool	in	the	south	of	

England/Near Cardiff
In,	South	of,	Near Cardiff, England, Surf School

4. Climbing	area	in	the	south	
of	England	(region).	Switzer-
land	(Interlaken)	and	France	
(St.Malo),	South	of	Scotland.

In,	South	of England,	Climbing,	Switzerland	
(Interlaken),	France	(St.Malo)

5. Parks	in	Zernez,	Switzerland,	
Swiss	National	Park	in/near	
by	Zernez,	Switzerland

In,	near	by Zernez,	Switzerland,	Parks,	Swiss	
National	Park

6. Where	to	go	in	Scotland	to	
catch	Salmon?	Salmon	Fish-
ing.

In Salmon	Fishing,	Scotland,	United	
Kingdom.

7. Shopping	facilities	in	Zurich	
(Clothing	Stores)

In ClothStores,	Shopping	malls,	Zu-
rich.

8. Trekking	in/west	Scotland In,near,	west Hiking,	Trekking,	Scotland
9. Finding flats, Koblenz, Ger-

many,	Museums	in	Luzern
In,	near Koblenz,	Germany,	Flats/Apart-

ments,	Museums,	Luzern
10. River	rafting	in	Scotland In,	near Rafting,	Scotland,	United	Kingdom,	

Rivers
11. House	boat	holidays	in	Scot-

land
In House	boat,	Scotland,	United	King-

dom
12. Skiing	near	the	area	of	chur,	

Switzerland,	Ski	Slopes	in	
and	around	Zermatt	or	Davos,	
Switzerland

In,	near,	around Zermatt,	Davos,	Chur,	Switzerland.
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S.No User defined scenario Geographic 
prepositions

Keywords used

13. Holdiays	in	the	south	west	
of	Britain,	United	Kingdom,	
Near	Plymouth

South	west,	Near Holidays,	Plymouth,	Britain,	
United	Kingdom.

14. Bike	Tour	beside	the	river	
Daneub,	Germany,	Austria	
and	Romania

Beside,	by	the Daneub,	German,	Austria,	Roma-
nia,	Bike	tour

15. Mountain	biking	near	Zurich,	
Switzerland,	Creel	Fishing/	
Trout fishing, Stalking in 
Scotland

Near,	In Mountain	biking,	Zurich,	Switzer-
land, Creel fishing, Trout Fishing, 
Stalking,	Scotland

16. Paragliding	School	around	
Zurich,	Switzerland

Around Paragliding	School,	Zurich,	Scot-
land.

17. Free	Climbing	near	South-
ampton,	Sheep	farming	in	
and	around	Southamptoon,	
United	Kingdom

Near,	in	and	around Free	climbing,	Sheep	farming,	
Southampton,	United	Kingdom.

18. Hotels,	supermarkets,	restau-
rants

19. Climbing	sites	near	the	city	
of Sheffied( United Kingdom).

Near Climbing, Sheffied, United King-
dom

20. SnowShoeing	in	Switzerland In Snow	Shoeing
21. Photocopy	shops	in	and	

around	Zürich,	Switzerland
In	and	around Photocopy	Shops,	Zürich,	Switzer-

land
22. Tourism	information	centers	

in	Zürich
In Tourism	information	centers

23. Climbing	in	the	Swiss	Central	
Alps.

In Climbing,	Swiss	Alps

24. Car	hire	in	London In Car	Hire,	London
25. Wine	producers	in	the	north	

of	Zürich
In,	north	of Wine	producers,	Zürich

26. Hotels	campsites	for	holiday	
around	Zürich.

around Hotels,	campsites	for	holdiay,	
Zürich,	Switzerland.

27. Hiking	in	Switzerland In Hiking,	Switzerland.
28. Hiking	trips/huts	for	given	

destination.
29. Mountaineering	clubs	in	

Edinburgh,	Scotland,	United	
Kingdom.

In Mountaineering	clubs,	Edinburgh,	
Scotland,	United	Kingdom.

30. Holdiays	in	Italy In Italy
31. Skiing	places	in	Switzerland. In Skiing	places,	Switzerland.
32. Hotels	in	Zürich,	Switzerland In Hotels,	Zurich,	Switzerland.
33. Geography	department	in	

Zürich
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S.No User defined scenario Geographic 
prepositions

Keywords used

34. Develop	an	IT	development	
index	based	on	web	site	
density.

35. Hotels	on	islands.
36. Field	trips/holidays	in	a	spe-

cific area.
37. Camping	along	the	west	

coast	of	Scotland,	Fish	food	
along	the	west	coast	of	Scot-
land,	United	Kingdom

Along,	west	coast	of Camping,	Fishfood,	Scotland,	West	
coast,	United	Kingdom

38. Accomodation	in	the	Swiss	
Mountains

In Accomodation,	Swiss

39. Hiking	routes,	B&B	Location
40. Opera	house	in	Southern	Ba-

varia	where	verid’s	“traviata”	
will	be	performed	between	
july	1st	and	August	1st.	Find	
sport	arenas	where	the	

“San	Francisco	Sharks”	play	
in	2006	that	are	no	father	
away	from	the	Zurch	than	
CHF	1500.	Stadiums	within	
10kms	of	York,	Germany

In,	around,	near	
within	10	kms	of

Stadiums,	Opera	Houses,	South-
erm	Bavaria,	Zurich,	York,	Ger-
many.

41. B&B	in	a	city
42. Hiking	South	of	a	region South	of Hiking
43. No	use	interface	doesn’t	

work.
44. Hotels	in	city	or	places. In Hotels
45. Travel	to	bern,	Hotels	in	Bern	

Switzerland.
In Travel,	hotels,	Bern,	Switzerland.

46. Beach	Holidays	in	Dorset In Beach	Holidays,	Dorset
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SPIRIT Prototype Evaluation Questionnaire (Benedicte Bucher)

Background Information
1.Name	:

e.g.	Madonna

2.Job.	Background	:

e.g.	Singing,	Acting

3.Age	:

e.g.	45

4.Nationality,	Gender:

eg	American	woman

5.How	well	do	you	speak	English	?	

(please	choose	only	one)	

Native	-	Fluent	-	Basic

6.How	often	do	you	use	Internet	search	engines	(e.g.	Google,	AltaVista,	Yahoo)?

(please	choose	only	one)	

Never	-	Occasionally	-	Once	a	week	-	Several	times	a	week	-	Daily

7.How	often	do	you	use	commercial	online	search	engines	(e.g.	Dialog,	Lexis-Nexis)?

(please	choose	only	one)	

Never	-	Occasionally	-	Once	a	week	-	Several	times	a	week	-	Daily

8.How	often	do	you	perform	searches	on	computerized	library	catalogues	(e.g.	your	library)?

(please	choose	only	one)	
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Never	-	Occasionally	-	Once	a	week	-	Several	times	a	week	-	Daily

9.How	often	do	you	perform	searches	on	mapping	websites	(e.g.	multimap.co.uk,	streetmap.co.uk)?	

(please	choose	only	one)	

Never	-	Occasionally	-	Once	a	week	-	Several	times	a	week	-	Daily

*			*			*			*			*

Express	yourself

1.Please	use	this	section	to	say	what	you	think	about	SPIRIT	and	to	tell	us	what	you	did	in	your	own	

words.

2.What	queries	did	you	try?

3.Were the first documents retrieved relevant to your query? If not, could you find relevant docu-

ments?

4.Did	anything	about	SPIRIT	puzzle	you,	or	make	it	hard	to	complete	your	search?

5.What	do	you	like	about	SPIRIT	?

6.	What	do	you	dislike	about	SPIRIT	?

*			*			*			*			*

Give	us	marks	

1.For	each	of	these	pairs	of	properties,	where	would	you	locate	SPIRIT,	on	a	scale	from	1	to	5	:	

A:	Overall	reaction	to	the	system	

Terrible	 	 	 Wonderful

	 1				3				4				5				6

Frustrating	 	 Satisfying	 	
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	 1				3				4				5				6	

Dull	 	 	 Stimulating	 	

	 1				3				4				5				6	

Difficult   Easy  

	 1				3				4				5				6	

Rigid	 	 	 Flexible	 	

	 1				3				4				5				6	

B : Specific items

Characters	on	the	computer	screen	are	:

hard	to	read	 	 	easy	to	read

	 1				3				4				5				6	

The	organisation	of	information	on	screen	is	:

Confusing		 	 very	clear

	 1				3				4				5				6	

Sequence	of	screens	is	:	

Confusing	 	 	very	clear

	 1				3				4				5				6	

Use	of	terms	throughout	system	is	:

Inconsistent		 	 consistent

	 1				3				4				5				6	

Useful	messages	told	you	what	was	happening	:

Never		 	 	 always

	 1				3				4				5				6	

Error	messages	were	:	
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Unhelpful	 	 	helpful

	 1				3				4				5				6	

Help	messages	were	:

Unhelpful	 	 	helpful

	 1				3				4				5				6	

Learning	to	operate	the	system	was	:	

Difficult    easy

	 1				3				4				5				6	

Exploring	new	features	by	trial	and	error	was

Difficult    easy

	 1				3				4				5				6	

Tasks	can	be	performed	in	a	straight-forward	manner	:

Never	 	 	 	always

	 1				3				4				5				6	

Supplemental	reference	materials	is	:

Confusing		 	 clear

	 1				3				4				5				6	

System	speed	is	:	

too	slow	 	 	 	fast	enough

	 1				3				4				5				6	

System	is	:

Unreliable		 	 reliable
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	 1				3				4				5				6	

Do	you	want	to	comment	on	why	you	gave	some	marks?

*			*			*			*			*

Comparisons

Please,	if	you	have	some	more	time,	try	out	one	of	your	queries	on	some	of	the	following	Web	sites	:

http://local.google.co.uk		

As	compared	to	SPIRIT,..	

Were	the	retrieved	documents	more	relevant?

Was writing the query / refining of the query easier ?

Was	results	presentation	better	(mapping,	ranking)?	

http://www.yell.co.uk		

As	compared	to	SPIRIT,..	

Were	the	retrieved	documents	more	relevant?

Was writing the query / refining of the query easier ?

Was	results	presentation	better	(mapping,	ranking)?	

http://www.map24.com

Were	the	retrieved	documents	more	relevant?

Was writing the query / refining of the query easier ?

Was	results	presentation	better	(mapping,	ranking)?	

Please,	mail	this	form	to	:
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benedicte.bucher@ign.fr

or	post	it	to	:

Bénédicte Bucher

IGN	-	COGIT

2	avenue	Pasteur

94165 Saint Mandé Cedex

FRANCE
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Additional Background Information: Users Preferences

	Users	background	preferences	with	regarding	to	preferred	search	engine,	preferred	mapping	serv-
ices	normally	used	and	the	purpose	for	which	these	services	are	normally	used	

No Please specify 
the search en-
gine you nor-
mally use

Please specify 
the mapping 
service you nor-
mally use

For what pur-
pose do you use 
the mapping 
services de-
scribed above

For what do you most com-
monly use them(e.g. ski tour-
ing, hiking,travel, maps, re-
search)

1. Google map24.ch find my way hiking,climbing
2. Google private	purposes hiking	&	travel
3. Google map24.ch find my way hiking,	climbing
4. Google google	earth research
5. Google trip	planning,	

finding locations, 
hiking

research,	hiking,	skitouring,	
travel

6. Google find locations hiking,	travel	maps
7. Google Skiing,	hiking,	sailing
8. Google map24.ch,	google	

maps,	google	
earth

general	orientation,	route	plan-
ning,	holidays,	hiking,	skiing

9. Google Route	Planning Hiking
10. Google google	maps to	see	how	peo-

ple	have	adopted	
it	

research,	travel,	hiking.

11. Google map24.ch putting	an	over-
view	of	where	
something	is.

city map to find myself around 
in	town.

12. Google wayfinding, ad-
dress	localization

travel,	geographic	related	infor-
mation.

13. Google map24.ch,	stadt-
plandienst.de

travel	hiking

14. Google mapquest.com,	
map24.com,	map.
search.ch,	google	
earth

route	planning,	
street	searching,	
local	viewings,	
orientation.

hiking,ski	touring,	travelling,	
study	orientation.
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No Please specify 
the search en-
gine you nor-
mally use

Please specify 
the mapping 
service you nor-
mally use

For what pur-
pose do you use 
the mapping 
services de-
scribed above

For what do you most com-
monly use them(e.g. ski tour-
ing, hiking,travel, maps, re-
search)

15. Google map.search.ch,	
GIS-Browser:
Zürich

Orienteirung Travel	maps,	research

16. Google map24.ch to find some 
places

at	university,	travel,	for	sport

17. Google to find a street, 
place	look	for	
address/	location,	
mountainous	
areas

hiking

18. Google map.search.ch planning,	knowl-
edge	about	a	geo-
graphic	region

research,	travel,	location,	maps.

19. Google google	maps searching	loca-
tions

snowboard,	touring,	climbing.

20. Google,	Vivisimo.
com

hiking,	skiing,	touring

21. Google GIS	Browser	of	
city	of	Zurich

identifying	loca-
tions

skiing

22. Google ski-touring,	hiking,	travel,	city	
maps

23. Google go2map.sina.com.
cn,	www.map24.
com

travel travel	and	research

24. Google map24.com,	gis.
zh.ch

looking	for	places	
(how	to	get	
there)

hiking

25. Google map.search.ch,	
swissgeo.ch

finding addresses, 
locations,	how	to	
get	there	address	
lcoation.

road	travel

26. Google search.ch location,	holiday,	
general	spatial	
info

hiking,	military	service

27. Google map24.ch,	
mapquest.com,	
map.search.ch

routing,	tour	
planning,	curios-
ity

travel

28. Google,	wikipedia map.search.ch/
gis.zh.ch

to	identify	place	
where	i	have	nev-
er	been	before	

for	orientation	abroad	hiking	
or	visiting	a	city.

29. Google,	pubmed navigation	and	
travelling	from	
on	plae	to	other

Wander	fahradfahre,	travel
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No Please specify 
the search en-
gine you nor-
mally use

Please specify 
the mapping 
service you nor-
mally use

For what pur-
pose do you use 
the mapping 
services de-
scribed above

For what do you most com-
monly use them(e.g. ski tour-
ing, hiking,travel, maps, re-
search)

30. Google finding 
locations,car	
driving	instruc-
tions

travel	maps,	research,	car	driv-
ing

31. Google. map.search.ch personal	infor-
mation	/	ad-
dresses

skiing,	hiking,	travel	maps.

32. Google map.search.ch,	
visualization	
of	www.sbb.ch,	
www.zvv.ch

all	kinds	of	outdoor	activities,	
hobbies,	hiking,	jogging,	cycling,	
rollerblading,	travelling,	etc.

34 hiking,	travel
35. Google map.search.

ch,www.swissgeo.
ch,	www.gis.zh.ch

searching	ad-
dresses,	localise,	
places,	regions,	
get	an	idea	of		
landscape.

hiking,	travel	maps.

36. Google map.search.ch searching	places,	
where	i	have	
to	go,	planning	
routes

hiking+	travel

37. Google travel
38. Google map.search.ch,	

google	earth
travel,	learning	activities

39. Google gis.zh.ch,	gis	
browser

to find out loca-
tion	of	addresses

hiking,	biking,	work

40. Google Walk	&	recreation	travelling	
and	hiking.

41. map24.ch searching	direc-
tion	or	addresses

travelling	and	hiking,	research	
in	cartography(studying)

42. mostly	google travel	maps,	biking	and	hiking
43. Google map24.com finding location 

and	routes	to	the	
locations

travel	maps,	route	maps

44. Google map24.com travelling, find 
places

travelling, hiking, flying

45. Google searchign	for	ad-
dress

travel	maps,	mountain	biking.

46. Google map24.com,	GIS	
system	of	canton	
of	Zürich

searching	for	ad-
dress

travel	maps

47. Google,	Search.ch map.search.ch,	
google	maps.

negotiations 	travel	maps,	hiking

Appendix-K
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No Please specify 
the search en-
gine you nor-
mally use

Please specify 
the mapping 
service you nor-
mally use

For what pur-
pose do you use 
the mapping 
services de-
scribed above

For what do you most com-
monly use them(e.g. ski tour-
ing, hiking,travel, maps, re-
search)

48. Google map.search.ch get	some	address	
location

hiking,	travelling

49. Google Google	and	
map24.com

route	search	or	
finding a map 
and	other	infor-
mation	about	this	
place

travelling	(sport)

50. Google http://portale.
web.de/auto/
routen/planner,	
googlemaps

routeplanning,	
search	for	ad-
dresses

biking,	travel	with	car.


