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Abstract

Recent advances in information technology such as Wéagiping and locatieaware mobile devices

have enabled neexperts to create, use and share volumes of spatial data in an increasingly
accessible fashiorsuch usegeneratedzatial datas usually referred to agolunteered Geographic
Information (VGI). Two of the fundamental challenges associated with the exploitatid@bfelate

to information overload and extraction of meaning. In order to deal with these challenges and
improve the utility of VGI, this thesis investigates the potential of sevarmhictive geovisualization
techniques including filtering, dynamic spatial aggregation, linking and brushing, atihsad
visualizations. As a preliminary work to explore and structure the new research field of VGI, a
framework of the different types &Gl is elaborated and followed by a review of the challenges and
current solutions related to the utilization of VGI. Based on this review, abasdd prototype is
developed to serve as a platform for the evaluation of selected geovisualization techhligues
prototype is then used in a series of workshops with rich citeaerated data related to pldzesed
community assets. The results of the case study show that the implemented geovisualization
techniques enable users to find relevant subsets aiiation and to gain new insights on the data.
Based on the potential shown by these results, future research directions are suggested.
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Chapter 1

Introduction

1.1 Problem Statement

Geographic information production has traditionally involved long processes that include data
acquisition, processing, and dissemination phases that rely on expecsinelogy and expert staff.

As a result, geographic information has been historically produced by either large public
organi zations such as the US Geol ogi @gdphigaur vey
National (IGN) in France, and Natui@esources Canada (NRCAN) in Canada or by commercial data
providers such as TeleAtlas and Navt€gwen, 2007)

This approach to spatial data pustion has important advantages. Organizations can capitalize on
their expertise and equipment to realise scale economies and ensure uniform qualityegartioig
the completeness and accuracy of the (ltnagin and Metzger, 2008; Goodchild, 2008wever,
data production through a limited number of large organisations also presmettimitations. Profit
potential or cost recovery often guides the data production process in the private and public sectors
respectively. In the past, these factors often had the effect of restepttigl data use those who
could afford to purchse a costly licenser to produce it themselvekately, more public geospatial
dataarebecoming availabléor free from sourcesuch as USGSNRCAN and the city of Vancouver
aspart of a larger movement to open public daiae Economist, 2010However, thigs not a global
process yet and the data qualitycurrency may baferior to commercial datavhich can linit its
potential usesMoreover, he profitmotive causes distortion in th&upplyof available data since data
produces tend to favour the most profitable data such as popular areas, data themes with multiple
applcations or data themes that do not clearapidly (Goodchild, 2008)Similarly, because of the
top-down approach of geographic data productioa,data available typicall\ack local perspectives

and areestricted to a single world view.

Such distortions in available data combined with the unequal access to GIS resources itlsie to sk
and fundhg barriers have important societal impacibese have beehe b at e d tiinc atl h eG | fiAScor
or fAsoci eliteyatura(@rdig, I&alriS, @and Weiner, 2002a; Pickles, 1995; Weiner and Harris,
2007) To tackle these inequitable impacts of GIS, some academics and practitioners have
investigaed new research avenues, methods and practices that were eventually identified as a new

research area called Public Participation GIS (PPGIS). The PPGIS field encompasses a wide array of



methods and projects ranging from mapping indigenous knowledge inopiegglcountries to the
definition of conservation areas in developed countries. However, common goals are the reduction of
the unequal access to geographic data and software, and the collection and integration of local
knowledge with official data in ord¢o achieve a more democratiatureGIS. Until recently such
initiatives encountered mixed success due to technical and institutional barriers such as the high
complexity and cost of GIS softwafElwood and Ghose, 2001; Esnard, 2007)

The advent ot he Worl d Wi de Web ( her e afdtespecialiWéeber r ed t c
mapping technologes, symbolized by the ubiquitous Google Mapas made digital mapping
accessible to novice usegfBurner, 2006) Beyond the simple navigati d maps over the Internet,
the recent Web technologies andracties, termed Web 2.0allows users to create their own
geographicd at a , knowenamsatiausedat ao or Afivolunteered ge
(Goodchild, 2007)that can then be easily shared with othdisis phenomenon has significant
impacts on geospatial data productamd sharing as individuals can now act as data prodaoers
userg(Elwood, 2008a)

These technological and practical changes have an important poterdigbgort theideals of
PPGIS ando help prodeerich local and citizergenerated data that can complement official public
and commercial datasets. Howevtre richness and complexitf citizengenerated spatial data
makestheir use andntegration with official data@hallenging For instancethe quality and credibility
of VGI are difficult to assess as the dai@ produced by multiple amateur users in a distributed
fashion. Moreoverdue to its multauthored nature, VGI can contain redundant and heterogeneous
data. For instance, contributors ynmput similar data multiple times or they may use different
terminologies within a same datasBurthermore, VGloften containsqualitative and subjective
aspecdt inherent to human perception and description of space for which regulandal&sare not
suited(Carver, 2003; Sieber, 2006)hese challengesanseverely limit the usabilityand utility of

VGl for citizens as well as for its integrationdecisionmaking proceses and other official contexts.

Visualization and analytic toolbave great potentiab explorecomplex and multifaceted VGI
without alteringor simplifying its rich content However, many of thdools that are available
currently aredesigned to assist expert users to explore scientific data in a deskiguting
environmentthrough statistical graphing capabilities for univariate and multivariate data. As such,

they have significant limitations in the VGI context where the nature of the data is different and the



users are novices who operate over the Internet. Therefevalizationtools need to be adapted or
even reinventedto support novie and average usergeavating on theWeb and its technical
constraints. Indeed, only a feWeb-basedapplications provide visual analytic tools for average
usersas noted bysorman (2006)Moreover, recent online mapping advances have not yet been able
to deal with most types of VGI that contain qualitative and vague data and little work has been
pursued to deal with théGlI specificities. Soma earlyfeaturescan be found on the Internet such as
the clustering of overlapping data. Nevertheless, experatientand tests with endsers are
required to assesbd actual usability and valugf such featuresnd eventuallydevelop new and
improvedmethods to exploitherichnesof VGI.

1.2 Research Objectives

By providing local and multiple perspectives, VGI lilas potential to provide new insights on many
topics and issues of importance to community members. On the other hand, hthessiand
particularities raisesumerous challenges that limit its potential udence, he overall goal of tis

thesis is to investigate methods to facilitate the exploitation of VGI and therefore improve its
usefulness for citizens and possibly also plannerspatiticians. To do so, it is necessdigst to
identify the different types of VGI, thanique characteristics that contributeit®orichness and also
makeits use challenging. This constitstde foundation for subsequent development of methods and
techniques that can improve the usefulness of VGI. Out of the numerous potential solutions, this
thesis focuss on the use of fundamental visuaion techniques to facilitate the browsing and
exploration of VGI.Severaltechniques are selected and impleradrin aWeb-based prototype that

aims to be usable by novice users. This prototype is then used abedtéasta series of workshops
where participants experiment and evaluate its features. Data on the usage of the features and
participantfeedbackare ollected in order to determine efficient techniques and areas where potential
improvement and further research cobkl achieved. This thes&ldresss the following research

objectives:

e Review the literature otihe Geospatial Web, PPGIS, and VGI to essbh VGI typology

that is used as a foundation for the thesis.

e Review the challenges related to VGI use andalizationand their potential technical

solutions.



¢ Design and develop a prototyféebtool that implements selectéechniques to improve

visudization of VGI.

e Test the praitype tool with a crossectionof potential users to assess the relative merits of

these techniquda terms of usabilityand utility.

1.3 Study Area / Case Study

The Bulkley Valley, located in nortlwvestern British Columbia, ceists of an agricultural plain
surrounded by mountains, rivers and forests. This setting offers a multitude of amenities such as
scenic landscapes and outdoor recreational opportunities as vwebaas facilities which attracn
increasing number aksdents and visitors. It also has an important potential for resource extraction
industries such as forestry and mining. Due to these different factors, the BM&lkEy is
undergoing stronglevelopment pressure. Thusome dizens have expressed concethat the

current and potentiablevelopmerg could negatively impact and possibly irreversibly damage

important local amenities

To address these risks, several groups of engaged local residents have attempted to take a proactive
approach to the planning proce¥gith the assistance universiyasedresearchegsthey have been
involved ina participatory approach whigngagewolunteer citizens in the inventory of community
assets. Thinventory was performed by citizens usiagVeb mappingsoftwaretool called MapChat

that allows users to annotate a common map to denote community assets such as trails and sensitive

habitatsandadd e s cr i pti ve di alogue relating to the asset

A series of workshops in the Bulkley Valley resulted in the collectiotitiengenerated spatial
data. Thee data arean example of VGI consistingf descriptionsand opinionslinked to map
drawings thatwere contributed by volunteer citizens possessing very different skills and viewpoints.
Local citizen groups we then eager to take the initiative to the next step and use the data collected to
inform the planning process. However, theyamtered difficulties browsingndusingthe data they
collected that are symptomatic of the VGI challenges. Therefore, the data collected in the Bulkley
Valley and the issues encountered by the citizens constitute a relevant setting for a case study. The
datawere used to feed a prototyp&/eb-GIS tool that implements severaisualizationfeatures.
These featurewereevaluated by a crossection of users in order to gather feedback on their usage

and their subjective appreciation of the features implementdégkiprototype.



1.4 Organisation of the Thesis

To achieve the research objectives presente8ertion 1.2, the thesis is structured as follows.
Chapter 2 firstreviews the concepts of PPGIS, Web 2.0, neogeography and their linkages. Together,
they constitute the origins of the Volunteered Geographic Information (VGI) phenomenon and its
different definitions. To explore this phenomenomoredepth a VGI framewaok that delineatethe

main type of VGl is developedand illustrated with a sample of current VGI applications restrain

the thesis scope, one type of VGI atelrelated challengeare focused anSome challenges are
selected to be addressed in a catady. Chapter 3 describes the features developed and integrated in
the software prototype MapChat Viz in order to explore possible solutions to the selected challenges.
Chapter 4 presents the design and the execution of the workshops organised fce teidya
Chapter 5 provides an analysis of the data collected during the workshops. Finally, Chapter 6 presents
and discusses the findings and the limitations of the study in order to give recommendations to future
studies.



Chapter 2

Literature Review and Research Framework

This chapter describes and links the different concepts aedneh questions underlying tthesis.
Sectiors 2.1 and 2.2 provide an overview of Public Participatio®s!S (PPGIS), Web 2.@nd the
neogeography phenomendrhese sectiongresentsomeof their similarities and highlight how they

both lead to the creation epatialusergeneratedontent Section2.3 exploresseveraldefinitions of

VGI followed with the development ofa framework for examining VGlthat is illustrated with a
sample of VGlapplications The emerging research questions related to the nascent research field of
VGI are reviewed irBection2.4with an emphasi®on thequestionsaddresseth this study

2.1 Public Participation GIS

Consideration of the social, ethical, political and societal aspe@gafraphidnformation Systems

(GIS) led to avigorous debate amongsearcherin the 199@ (Craig, Harris, and Weiner, 20D;

Pickles, 1995)One of the main concesmwasthe elitist and exclusionargspectof GIS technoloy
(Pickles, 1999) Indeed, there are impant inequalities in the access and use of spatial data and
technology across society. GIS software, hardware and sgatedre expensive and require expert
skills to be used efficientlyvhich prevent numerous people and organisations from using them.
Furthermore, the technological evolution of GIS has historically been directed most in accordance to
the needs of customers with capacityfimd software developmensuch aslarge corporations
military and other large institutiols. As a result GIS were seerto reflect the views, values and

interests of dominant sectors of the socaigfurthermarginalizeminorities

An important point of controversy between GIS cotii(Lake, 1993; Taylor, 1990and GIS
proponent§Openshaw1991)is thefact thatGIS embed positivist assumptions by using data that
represent simple facts insteadrmbre compkex and multifaceted knowledgé.n t he <c¢r,iti csd o
GIS showan overly simplified view of the worl@onsisting of asingle perspetive that neglects
multiple nuancedgeographical realitiea n d s e redueescontplex sécietal processes to points,
l i nes, ar e a s(Siebax, 2@06, p.t491Maordovet, etreeidforms of informatiothat can
have important geographic dimensiossch as istory, emotions, and sacrednesse hard to

incorporate inGIS datamodebk whichtend to focuonthenumerically tractable aspects of issues



Besides the influencef the type ofdataused inGIS, the source®f dataalso haveimportant
conseqguencesThere are a limited numberof ®fficial6 sources ofdata and thesere mainly
representative of the dominant and general vigsgane ommunitieswhose values and interests
differ may beunder or not represented all in the available datéPickles, 1999)Without relevant
datato advocate their cassome communitiesan bemarginalized.Community perspectives and
locd knowledgeare often neglected imfficial dataset either because they are simplifigmifit into
the data modejsheydo not math with the mandates of the organizations producing the ciataey
are noffinancially lucrative In this context]ocalknowledge or indigenous knowledgan be defined
as6 v a-based andraditionally intangible informatiod(Sieber, 2006)as&nowledge that is unige
to a given culture or socigl (Warren, 1991)or finally as dnique, traditional, local knowledge
existing within and devefmed around th specific conditions of women and men indigenous to a
particular geographic ardéa(Grenier, 1998) Their integration ino data modks is particularly
importantto move toward a more democratic use of ,@GfSs discussedater in this section.

Overall the assumptions and values embedded in available tools andidatpestionsaaboutthe
claimed objectivity andvalueneutral nature of GIS. These issuesl@ang with unequal access to
technology and dataoostitute the base dhe critiguesthat consideredsIS as anantidemocratic
technologywhich reinforces existing divisions in society supportin@g tgp-down, elitist approacho
decison makingin which most citizens cannot partakRickles, 1999) However critics had to
recognize that GIS wasecomingmore widely used in societyTherefore, togo beyond thesimple
criticism and build a constructive debatéhat would move the GIS fieldforward academicsand
practitionersengaged iraresearch process thavolved newmetods, practiceandtoolsto addres

the critiques

This new area of researdhmas been referred to variously @4S-2, critical GIS, Community
integrated GIS (CiGIS)participatory GIS (PGIS)or public participation GIS (PPGISRAlthough
these terms represent slight variations in the epts¢Weiner and Harris, 200/3he PPGIS terns
now most widely accepted awndll be usedin the reminder of this thesi$he PPGIS approacls
based onseveralcore principles First, there has been a concerted effort to dissemiG®
technologyto marginalised groups such as grassroots and comrhasd organizationsith the
aim to empower therthroughenhanced opportungs ranging from thesimply discovey of their
environmentto participationin formal decision making processTo reach this goalGIS tools and

practicesneeckd to be adapted to ensure easier access to the technology for groups with different
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skills andresources (financial aratherwise) Furthermore, thategration ottheirlocal knowledgds

critical to democratize Gl@ithin these communitie€Carver, 2003; Sieber, 2006)

PPGIS concepts have been applieda wide range of contextincluding neighbourhood
revitalization (Elwood, 2002; Ghose2001) conflict managementand collaboration among
stakeholdergBalram and Dragicevic, 2006; Kyem, 2004; Weiner and Harris, 20@8) use and
planning (BojérquezTapia, Diaz-Mondragon, and Ezcurra, 20Q1gnvironmental management
(Evans, Kingston, and Carve?004; Jankowski and Nyerges, 200ijdigenous territory clais
(Dana, 2007)and numerousthers can be found i{Craig et al., 2002aHowever,it is important to
note that the concept phrticipation doesot refer to a singldhomogeneous methodo understand
who benefits from access to GEhdwhy, and what arehe appropriatenethods understanding the
participatory process itself sssential To do s@important questions need to bepred such ag)
what is meant by participation@nd b) who is the public¥Dunn, 2007; Schlossberg and Shuford,
2005)

Participation or public participatios broadly defingl as the process of involvingitizens in
variouspolitical, economigsocialor otherprojects A comprehensive review of the different vgdg
characterize the participation process is providedsbtiglossberg and Shuford (200%) common
approach is to use the varying degrepublic involvements characterized first bArnstein (1969)
as aladderhas beermdapted by several authors includ@arver (2003)asshownin Figure2.1. The
public participation inthe decision making processan vary from a passive fe with little
participationatthe bottom rung of the ladder tive roleof decision makerg/ho hold the powein the
top rung Betweenthe two extremg the kvel of participationand responsibilityincreaseswith
upward movementAs noted by Carver (2003) participationis not always associated with
empowerment. Unequal access to relevant information to advacatee oibarriers constructed by

traditional power holdercan hinder actual empowerment.

The publi¢ also called PPGIS participants or stakeholdgenerally comprises citizens who
belong to one or several of the three following grodgined bySchlossberg and Shuford (2005, p.
18) asfithose affected by deci s i o n filwse wiporcangbrirg nmportant knowledge or
inffoomat i on t o a deci s ihasewhoohave paowerda inflmeice aoml affbct fi t
implementation ofa decision or program. For exampl e, stakehol ders

regional government officials, developers, and scientific groups, to simple neighbourhood residents.

c

an



In some cases, neighbourhood residents may be represented -gpveonmenth organisations
(NGO) or communitybased organisation (CBO). Moreover, participants can have varying skills,

interests, ages and cultural backgrounds.

A Public Participation in Final Decision|
c Public Participation irAssesing
2 Risks and Recommeling Solutions
154
o
S Public Participation in Defining
IS Interests, Actors and Determining
o
Agenda
jo)]
£
§ Restricted Participation
3]
£ . .
Informing the Public
Public Right to Know

Source:aadapted fronCarver (2003)
Figure2.1: The public participation ladder

Thereforeto improve the chamcof success and the impacts of a PPi@Gititive, it is essential to
determine the type of participation ati members of thpublic thatarerelevantto its specificgoal
context andits other social and cultural factord-or instancejdentifying the relevant public is a
critical task wherefinding a kalance betweera wide representatiorof the public with many
participantsanda smallerrepresentatiomvith fewer peopldut a more in depth participatiooan be
difficult. Furthermore,even whenrelevant types of public and participation heheen identified
numerousmethodscan be used For instance in the spatial decision domaimgthods canbe
facilitated usingpaper mapspr physical models to computer systems operhied facilitator or self
operatedA comprehensive list of participationethodss presented ilRowe and Frewef2005)and
is characterizethy a typologyin Aysegul and Roche (2007 the frame of this study, the fag is
made on one of the PPGIS aspeemelythe integration of local knowledge.

As described abovehe data commonly used in Gl&ften do not incorporatéocal knowledge
(LK). To take local perspectivesnto account more effors are being maddo collect, use ard
integrae LK in GIS to complemenfiofficiald data(Dunn, 207; Hall, Moore, Knight, and Hankey,
2009; Sieber, 2006)In this context, the term official refete data tha have been authored by
professionals in government agencies or commercial mapping comp@hestegration of LK can

also help to improvéhe accuracy and completenessfficial datasincelocal peopleusually know
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their area bettethan otherand may be able tprovide valuableinsights(Carver, 2003) Although
necessanand powerful the integration oK with official datain GIS raises numerous challenges
Indeed, GIS are designed to handle and represent simftifiecal informatiorbut are not suited for
data hat contain multiple perspectives and vaguen@sspting GISto incorporatesuch data or
rearranging thelata tofit GIS models arehallenging issue€Sieber, 2006)Some LK may evenbe
impossible tantegrateand need to be taken into account by other méresidentification ofthese
challenges anthe design opotential solutionsremajor PPGISresearch questioribat areexplored
further inSection2.4.

Throughdifferent PPGISinitiatives varioustypes ofLK have beertollected(as illustrated irthe
numerous case studies@maig etal. (2002b). However,actual empowermerhrough the use of LK
has been generally limiteVeiner and Harris, 2007ue to techital, institutional, and political
factors The potential to collecand effectively us&K has beerrevolutiorized by the advent of the
Internet that enablemdividuals and groups tparticipate from anywhereoften at times that are
convenient, and patéially in anonymousvays (Carver, 2003; Sieber, 200®loreoer, recentWeb-
basedools aregenerallyeasier to use and can bperatedlirectly by users with relatively little skill
which enablesnore people to collect and share .LRhe increasing use dVeb-based methods in
PPGIS isconcurrentwith major technologydriven changein GIS practiceas discusseih the next

section

2.2 Web 2.0, Neogeography and their Synergy with PPGIS

In parallel to thepracticedriven efforts inthe PPGISield to makeGIS more accessible amsditable
for public participation a major technologgriven change is drivingociety in the same direction,
namelythe Internet network and the latest technologyhefWeb 2.0.The first broad public use of
the World Wide Webwas the publication of statdd/eb pages that could be contd by anyone
connected to the Internéthe technology hasecentlyevolvedwith the developmenbf new design
and programming methodgown as asynchronous JavaScript and X(MIAX). AJAX practices
haveallowed the creation of an ever more interactive and dynamic Intehreeka portion ofWeb
page can be changed or refreshed without reloading the entiretipagdyallowing usersto interact

dynamicallywith thedisplayandwith other usergMahemoff, 2006)

Beyond the technological improvement, theseolutions havefavoured the creationof new

practices, degn patterns and business modegi®upedunder thegenericterm Web 2.Q(seeTable
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2.1). A number of theNeb2.0 core concepts aparticularly relevant inhe GIS and PPGISields. In
the Web 2.0model,the Web is used as a platfo(@'Reilly, 2005)where technologies and increasing
bandwidth permit the development of software as a service. Thefieare services are directly
available on the Internet and usableotlgh a simpléNeb browser.This dramatically reduces the
need for users to purchase expensi@alware and software and as a consequiéfizeadensccess
to technology.Web 2.0conceptsalso emphasize the use @ain farchitecture of participati@nto
harness the collective intelligen€€apscott and Williams, 2006)n theWeb 1.0realm, userswere
only able to consult information on thetérnet It was a onevay informationflow from the sponsor
or facilitator (e.g. municipalities, NGQ etc..) to the public as defined bgowe and Frewer (2005)
Thus only thetypes of participation corresponding to the first two rungsigiire2.1 are possibleon
the InternetEnhanced Web 1.@pplicatiors enablethe pssibility to survey the publiby enabling a
flow of information from the public to thiacilitator. However no real interaction was possiost
recent Web 2.0 applications enable full interaction betweefatil@ator and the public and even

between the members of the pulbliemselvegHall and Leahy, 2010)

Web 1.0 Web 2.0
Static Dynamic
Publishing Participation
Producercentric Usercentric
Centralized Distributed
Closecoupling Loosecoupling
Basic Rich

Source: adapted frodMaguire (2007)
Table2.1: Some differences between the Web 1.0 and Web 2

Architectures of participationcan serve profit making contextssuch ascommercial site like
Amazon (www.amazon.com)but theyalso have the potential to facilitate the higher rungs of the
participation ladder. Thegan alsdbe used t@etthe bestaind most suited mirsdo solve issuesuch
as finding a disease cure @faboratinga climate change modelFor instance,the Welsite
Innocentive (www.innocentive.com)s designed to assist contacts betweatutions seekers and
problem solvers for comptescientific issues. The sameidea underliesthe involvement of local
people for the collection dfK. As mentioned irSection2.1, local peoplecan bethe mostsuitedto
contribute LK (Carver, 2003) Another important aspecbf the Web 2.0model is the fact that

applications are built ofia network of cooperating data servioe@'Reilly, 2005) Therefore a
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Welsite candirectly usemultiple remote dataervicesand doesnot need toreplicatethem For
instancea Website can retrievéhe daily weather forecast frormremoteWeb service andntegrateit

seamlesslyn its interface

Such technologies and concepts are wideskyd by geospatial technolo{eng and Tsou, 2003)
One of the main applicationis the creation of distributed network ajeospatialdata providers
Various sourceof dataare availabl@ver the Internethroughremoteservicesand can allow users to
create maps based multiple remote data soufdesse concepts ofcooperation and distribution
extend to other aspects of the GIS sucle@aputingpower (e.g.grid computingallows networked
computers to share their poyesind softwarelevelopmente.g.open sourc&IS are collaboratively
developed by many developgi$u, 2008) The distribution andcooperationbetween system and
peoplecan helpaddresghe issues of inequitable access to data and technology.

Web 2.0 concepts and techndlegare beginning to have dramaticinfluence on the use of GIS in
society.Indeed,theyled to thedemocratization of GIS tools and of magaking The popularisation
was initially startedwith the ubiquitousGoogle Mapsand Yahoo! Mapsand their gplication
programming interfaces (APl¢hat allow users to develop customized rpapm tools(Gibson and
Erle, 2006) Thesenewtools and techniguesmbinethe complex techniques of cartography and GIS
and placethem within reach ofeople without formal training in mamaking or use of spatial
information This phenomenon is sometimes identified as neogeogréaklay, Singleton, and
Parker, 2008; Turner, 20Q63s a resultthe Internet is replete with maps on various topics created by
amateur cartographer@Vhite, 2008) Making GIS tools usable by novicasers and therefore
broadening the GIS user badieectly supports PPGIS goal®verall, the Internet anthe Web 2.0
conepts and technologyffer tremendous potential to enhance the impact of PPGIS initidtives
which few projects havstarted to benefi{fBugs, Granell, Fonts, Huerta, aRé&inho, 2010; Hall,
Chipeniuk, Feick, Leahy, and Deparday, 2010; Rinner, Kel3ler, and Andrulis, 2008)

2.3 Volunteered Geographical Information

2.3.1 Definition

These newtechnologies angractices have letb the development of a number of tools that enable
novice users to produce their own geographical data. For instance, casual userdoecatheir

hiking routes fromglobal positioning systes they can geotag their photas,pinpoint on a map
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placebased experiences and opiniorghe term Volunteered Geaphic Information (VGI)
(Goodchild, 2007)s often used to refer tthese datahat have a spatial component ahdt are
created byolunteers Othersterns includeusergenerated conteify GC) coined during the Web 2.0
phenomenon or collaboratively contributed geographic informaBishr and Mantelas, 2008
the term VGI, the word v (Slehen 2087eTullch,2008)scetlieo me t i me
datacollectionmay notbefi v o | u n bué ratrerdadildated or evercollectedunbeknownto the
Avol unt eer s 0 a sSedtian2.33hHoweved, ¥Gl ¢sto datetbecternithe most wdely
adopted byacademiaThe termVGI is alsousedbeyond the designation of a type of data to refer to
the whole phenomenorof collaborative creation of spatial datanew research field @ group of
applicationas definedy Tulloch (2008, p. 161)
AnVGlI applications as those in which peopl
collectively, voluntarilycollect , organize and/or disseminate
geographic information and data in such a manner that the
information used by many others. o0
Therefore, in the context of this theli® term VGI will be usetb refer either to the type of data or

the related phenomen and research field

The development of the VGI phenomenon has been driveoroplex and intertwinethctors.As
presented in &tiors 2.1and2.2 two man influences can be identified, namayhumardriven push
coming from the PPGIS tadition and atechnological pull coming from the Web 2.0 and
neogeography. Firstnajor technological breakthroughs suchtlas enhanced interactivity of the
Internet and the democratization Web-based geographic technology have enabled the VGI
phenomenn. Secondly the collection and integration dfK promoted by PPGIS research practices
has constituted a push towards the emergence of W&l clear parallel between the PPGISIS,
andthe VGI field has led acadensdo investigate theelationshipbetweenthem (Elwood, 2008b,
2009; Tulloch, 2008)However, he identification of thie differences and similarities a difficult
taskdue to the& multiple intertwined conceptual and technological aspédter early investigation,
it appears tha¥Gl and PPGIS do natorrespondexactly (Elwood, 2008b; Tulloch, 2008asVGI
streses applications and information whereas PPGIS enzgsaprocess and outcomd3despite
these differences, the synerggtween the two fieldsffers opportunitieso allow both fieldsto move
forward. For instanceElwood (2008bputlines a number of research questions and findnogs the
PPGIS fieldthatcould inform VGI rese&h, such aghe social and political aspesinbeddedn VGI
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creation. Similarly Elwood (2009)explores the GlScienaespects that are relevant to the VGl field.
Elwood identifies three main linkageshe handling of heterogeneous data, qualitatega, and

dynamic forms of data.

Once simply considered ashe hobby of amateur cartographeMGl has now acquired a real
importance in th@roductionand disseminationf geographic datdt provides an alternative and a
complement to the regular sources of geographic tadaed, itfi h grsatly enriched our potential
for characterising the specificities of localities thamtral agencies either lack the resources, mandate
or interesttoc ol | ect a(plall etpal, 2010) Burth@rmore the interconnection of these
multiple source of datathrough theuse of Web 2.0 technologiesconstitutes apatchwork of
knowledge thais quickly and broadly disseminaté@oodchild, 2007)Therefore VGI has become a
uniquesource of datéhat can provide researchensd citizens with new insights on therld and the
society they live in.

To explore further the nature and the ektehthe VGI phenomenon amgive a more concrete
understanding of the research ari¢as relevantto review and characterizeractical examplesand
applicationgTulloch, 2008) This is a necessary first step towardselaboration ofa VGI typology
which is used tatructure the reminder this thesisHowever,GIS tools needs tbhe adaped and re
thought to support the increaginolumes and varieties of VGI. Hendbe definition of VGI and its

different types first need to be reviewed and investigated.

2.3.2 Development of a VGI Typology

As metioned by Elwood (2008b, p. 177)fAdescriptive efforts to characterize VGI and it
implica t i aracsitical to structurefutureresearcton VGI. Indeed, VGI encompasses such a wide
spectrum of types gfrojects andlata thatertainapproacksmay be relevanin some situationbut
not be appropriaten other circumstancesThus a framework is necessary to structure the
investigation of the various challenges and their related solutions according to the different types of
VGI. There are manways of describing and characterizithge VGl phenomenorlepending on the
aspects the search focuses oince this thesis focuses on enhandimgvisualizationof VGI and
improvingits utility in generalthe typology developedn the following pagesocuseson the nature
of the volunteered data and the purpose for which it has beenbated: These two aspectare
intrinsically linked tothe challenges raised the exploitation of/GI and thér potentialapproachks

andsolutions.
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First, a set ofparameterselated tothe nature of the data and its intendes#twas developed by
reviewing previous literature on PPGIS, neogeography and M&se parametergerethen used to
review and characterizeVGI applications Developing a full catalog of VGI applications as
recommended byulloch (2008)would be ideal. However, in the frame of this study, considexing
setof examplesselected acrogkie VGIcontinuumwas deeme to bean appropriate alternativéhe
review and haracteriation of this sampleof VGI led tothe identification ofthe main VGI types
Section2.3.4presents the main types illustrated with the mestarkablesxamples.

It is importantto mention thatlis classificationprocesss only one ofthe manypossible way®f
categorizing VGI.It does not attempto and cannot capture the entire complexity the VGI
phenomenonits goal isratherto emphasizeaspects that areritical for the study presented in this
thesisandto provide a basic context to structigeme of thduture researclaround VGI In order to
developthe set of parameters and tigpology, it isfirst essential to review existifgameworks ad
the nascent literature on VGI

2.3.3 Elaboration of a Set of Parameters to Characterize VGI

In orderto differentiate and characterize V@,is first necessaryo elaboratea set ofparametershat
allows analysi®f the similarities and differences across the fahe| and subsequentlyo identify
the main types of VGIThe set of parameters is based the review othe previous literature in the
PPGIS, neogeography and Vf&lds as well a®n an analysis of the VGI landscapée parameters
are organized in two leveld-irst, high level parametersare used to describe tHandamental
differencesin the nature of the dferent types of VGI. This level is represented as a ®@itinuum
described in &ction2.3.3.2and represented Rigure2.4. The secondevel representthe secondary
parameterghat are used teharacterize the tygedentified along the VGlkontinuum They are
described irBection2.3.3.3and invetoried inTable2.2.

2.3.3.1 Review of Existing Frameworks

The literature on VGI provides various elements of description and characterisation of VGI
However, to date, therie no frameworkdescribing anatharacterizing the broad landscapevél
andthe onlyframeworks related to VGI are found in the PPGIS and neogeoglitgitayure These
frameworks do not focus on VGI but highlight various aspects that are imporigntdlated fields.
However,whenreviewed with gperspectivdocused on the nature ofhe dataand its intended use

they can bring essentiblocksfor the development of a VGI typology.
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One approach coming from the neogeographyspectiveis elaborated ¥ Turner (2006)and
presented irFigure 2.2. This framework is based on the successive steps of data management that
VGI goes through between its capture by volunteers and its consumption by-aseenBor each of
these steps, different technological tools and relatedfdemas are presented. This framework gives
a good overview okome ofthe different technologiessedin the production cycle of VGin the
context ofWeb 2.0. One drawback of the framework is that tools and technologies are evolving very
rapidly so tle framework would need to be updated regularly to presetu-date information.

GPS Locate Media Information
Capture WiFi Camera Stories
GSM Microphone Sensors
GeolP  Video Camera

\ \ -
GeoRSS GPX Exif Geocoding

Tn‘pfe*-Tags
Blog CMS Sharing Tracking
Prod GeoPress Midgard Flickr Plazes
roduce Drupal Panoramia  Mologogo

Wikimapia  ViegMap GeoTracing
I [ \

GeoRSS Microformats KML
Aggregate Mapufacture Technorati PlaceDB
[ [ |
GeoRSS GPX KML
' v
Map Use Visualize
Consume Mapstraction GPS/Nav GoogleEarth
OpenlLayers Mobile WorldWind
worldKit

SourceTurner (2006)

Figure2.2: Geostack

In the context of this thesis, it is important to note the different means of capturing geographic
information as they directly influence the nature of the data such as its qualitynat.f@n the other
hand since the focus is on neogeography tools and therefore highlights a highly technological type of
VGI production, it leaves aside VGI that is created through simpler pexsessh aslrawing on a
paper or digital mapwhich also neds to be considered for this study. Therefore, in the typology

developed herdyothtechnological methods and simpégproacheare considered
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Other frameworks that are relevant in the study of VGI are those produced in the PPGIS literature.
Numerous PGIS framework examined the participation and especially the type of participation and
nat ur epuldiddas @presereed b§chlossberg and Shuford (200Becently the Internet is often
used to create the information through a usually flexible and anonymous process. It is therefore
difficult to specifically identifydhe publi®andappro&hesshould assume generallyvaried public
with bothnovice and expert usert termsof participation, three way communication (between the
facilitator, the public and witin the public as described ire&ion2.2) is usually enabled by recent
VGI applications. Therefore, these two aspects do not allow significant differentiations of VGI types
and are not central to the objective of the typology ektedrhereA PPGIS typology was developed
by Aysegul and Roche (200&nd is presented iRigure 2.3. It also includes consideration$ the
nature ofthe participation process and the public. They areacharized by several parametesage
for public involvenent (see corresponding axis Figure 2.3) similar to the ladder presented i
Figure 2.1 and three parameters to characterize the technology emplogelat er i al 6 and 6
axesin Figure 2.3) and the interaction between the technology dmdusery 6 Sof t waAse 6 a X i
mentionedearlier, these elements do not allow significant characterization in the recent VGI context
as thedelivery method employed is mainlyhe Internet with a high interaction between the
participants and the tool s. However, thdieamsit ast p:
characterises the data used in a study on a continuum anchored by scientific knowledge (SK) on one

end ad local knowledge (LK) on the other.

LK usually refers to data that are contributed by the public during partigjpptocesses (see
definition in Section2.1). SK usually refers to officiahnd scientificdata (see definition inegtion
2.1) createdby agovernment or a private sector ageticgt serves as a base layemaop of which
participants can contribute their LKThus in this context, SKis nota type of VGJ as it is not
contributed by volunteergHowever,in the morerecentcontextof VGI, someapplicationsenable
casualusers tocreateSK. With this new persgctive, the distinctiorbetweenSK andLK can be
transposedn the context of VGI. As such, i used as a fundamental parameter in the development

of the VGI typology as described in the next section.
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Materia,

Source: adapted fromysegul and Roche (2007)

Figure2.3: PPGIS typabgy
2.3.3.2 VGI Continuum

The typology elaborated for this thesis basedon a VGI continuumthat covers the range of VGI

types This continuumis built on twolevels. First, as noted b¥lwood (2008b)there are two main

purposes for the production of VGIGI can be contributeth orderto complemenbr updateofficial

data often when official data areincorrect and/or not complete enougin this manner,the

interconnection ofVGl and official data leaddo the creation o i p at ¢ hkmowledgeas o f

described byGoodchild (2007)Sometimes, beyond the simple completion of official data, &®&

at replacing existingofficial data setsin orde to liberate usersfrom licensing and fiancial

constraints. As such, the data araisually structured similarlyo official data andconformto usual
GISmaels. The second main purpose behind VGI produ
knowl edge producti on, fost er i n(gwoonde 20088, @.clieFor and pol
instance, his practicecanleadto theproduction ofopinionbasedpolitical or personatiatathat were

almost noexistent inregularGIS. These two types of VGI are radicatljfferentas one followsisual

GIS knowledge structurewhereashe other one explores geaghyof a new kind. Thse two types
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are respectConveationalGlit @ r kne a w Iii eJdcgneentiormlrspatiafiknowledgge i n

this study and are represented above the d&6@Btinuumin Figure2.4.

A second levebf characterisatiors based othefundamental differencebat existin thenature of
the contributed knowledgeThe construction of this level is based amadaptation of the Skand
LocalKnowledge LKdistinction made byAysegul and Roche (200@spresented irSection2.3.3.1
Within the VGI typology, SK refers to knowledgéat is contributed by volunteers atidt either is
scientific by naturer describes the worlidh a quantitative oscientific mannerlt is typically centred
on measurable or quantifiable data such as soil classifications, populainsity, street networks,
and so onLK refers to knowledge that is related to a local perspedtivanconsistof conventional
GIS knowledgeand/or ofqualitative opinios or perception that arerelated to a particular point of
view. Finally, a third typecompletes the full range of VGiamelythe knowledgegenerated for
personal purpose to share with friendslatives or coworkers. This typeis temrmed fipersonal
knowledge (PK). These three types of VGI arepresented in a VGI continuum fiigure2.4 and are

further characteriseith the next sections.

Conventional GIS knowledge Unconventional spatial knowledge

A A
r Y4 A

Scientific knowledge Local knowledge Personal knowledge

Figure2.4: VGI continuum
2.3.3.3 VGI Characteristics

The VGI continuumpresents the main types of V.GThesemain VGI types aredescribed and
characterised according to thature of the contributed data athe influence of the data contribution
processon the nature of the datdhis approachprovides an important basis to structure future
researchasit allows the development oésearch questiortkatare relevant acrogke full continuum

or only for oneportion of it

Thetraditional distinction between spatial and attribute datesedto structure the discussion that
follows. However, it is important to note that even tldistinction is challengedby the VGI
phenomeon. Indeed, thepatialiation or geoparsingf texts (seesection2.4.4 by the massive use

of geacodingcan transformany textual spatial referenceto spatialinformation. Thus written and
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spatial information ardinked themtogetherinto analmostindivisible wayas the spatialeference
does not exist without the written ardevertheless, this distinction seems still relevant to organize
the characteristicsAn overview of the criteria structure is available Table 2.2 and further

develomdin the reminder of thisection

First, hemethod of capturef spatial datas an essential characteristisit is closely related to the
accuracy of the generated da&mme of the most common tools amateurs use to create spatial data

include

- Global PositioningSystem Theseadeviceshave evolved from expensive professional devices to
consumer devices that are available as stand alone or integtatedrrand phone&PS are
one of the main tool® generate geographic data even though #uoeinracycan varywidely.

- Location throgh theuse ofthe Internet or cellular phoneetworks. Theriternetnetwork can
provide approximatdocatiors by comparing an address Ifnternet Protocol)againsta
databasassociatingPs andlocatiors or alsoby usingthe triangulation of signaksoming from
wireless base stationiBhe mobile phone network can also permit triangulation metfAdase
methods aradetailedin Turner (2006) These three methods and GPS are more and more
combinedtogetherto locate mobile devices such as smart phargersonaldigital assistars
(PDA). Thereforejt can beomehard to track back what has beexactly usedto locate the

device buthe accuracys still usuallyprovided

- Geocoding Geocoding refers to the process of locatipdeaenameor an addressn a maplt
is based on the use ghzetteeravhich associate placeames and addresses to geographic
locatons. It has been democratized by the Google Mapd other publicly availableterfaces
that make the process almost transparent teusats As mentioned earlier, a technique related
to geocoding is goparsingScharl, 2007) It consistsof scanning throughvritten documens
and extractingall the geographical references laxate themon a mapby using geocoding

techniques

- Drawing on acomputerbasedmap. This is a widespread method WWeb mappingwvherea
user caraddnew content to moverlay layer ora mapthatpresentdase data such as satellite
imagery.The drawing can be limited to point feature in some applicgtishsreas otheallow
for complex lines and polygonSometimes, instead of being able to draw, users can simply

select a feature already existing on a map and attach a comment to it.
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- Drawing on papermaps. Despite the advent of hew technologies, the use of paper maps to
collect VGI remais essential in some contexts as it is significantly cheaper and more intuitive
for non computer literate pple (Al-Kodmany, 2001 As a testimony of the practicality of
paper mapsthe OperStreeMap walking papes (ttp://walkingpapers.org/ project allows
users to print paper maps that they daaw on in the fieldand later scanthento generate
automaticallydigital information

- Twitter. Twitter is a recentWeb 2.0 application It was not designed for geographical
applicationsbut it can allow uses to contribute geospatial informatiofwitter is a micro-
blogging platform that allows usersto postmessagelp to 140 characters to share their life or
thought of the momemwith others This message can simply includelace nameag that will
thenbe geocoded on a maphis method of information sharing has been uset®ly in some
recentcrisis everg such asthe Iranian electionsand the earthquakes in Haiti and Chile
(Tesquet, 2009)Twitter is currently adding a functionality that will allow userddoate their

post automatically through the location of their mobile devices.

A second important parametafrthe spatial component of the data is the typieafuresupported
by the applications. Some only allgwints whereas others allow ftines andpolygors. This aspect
has important consequences on the richness of the data collected but also in the challenges to analyse

and interpret i{see ®ction2.4.5.

The secondetof criteria relate to the nature of the data that aedicated to théext component.
Alphanumericdata generated through VG@apture methodgendto have a more flexible structure
leave enough freedom to the users to expressrawadity. It is essential to characterize this degree of
freedom as it gives insighisto the purpose behind the data collection and on the different methods
for handlingthe data.First, to expressflexibility in the data structure, the attribute data dan
characterized astructuredor unstructured Unstructureddata allows users tassociate form free
comments and opinions linked to spatial featug#sictureddatareferto attributes thatonformto a
range of values on nominal, ordinal, intervalratios scalesVGI can also have a combination of
structuredand unstructuredext associated with spatial featsir€or instance aVebsite that allows
usersto express reviews and opinions about restaurearishaveree text for the review and a set of

categories fothe type of foodlt is important to note that in recent applicatialaga related to spatial
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features are not only in text format, but thean al® be pictures and videos. In feecase, the

differentiation structured/unstructurethy notapply as readily

Another characteristiof attibute dataaretheir relative subjectivity or objectivityAs mentioned
by Tulloch (2008) they can be purported faxtvhich are objective data or offered opinioms an
issuewhich is subjectiveThis criterion has to be considered carefalbsome information could be
presented as purported facts by one comityubut another community could have a different
perspectiveon the same factThus the terminology objective/subjective will be used.

The second group of parameters is related to the characteristics gfotessof the data
contribution The first claracteristic revolves around the use of theor d fAvol unteered?o
definition of VGI. As mentioned in 8ction2.3.1, the contribution is ot always entirely volunteered
and different degresof willingness can be determinetihe first degree is when the contribution is
actually freely volunteered and madeailable to everyonéd second degreef willingnesscan be
identified when people are asked to participate, for instance for the collection of local knowledge
within a planning procesS&eeger (20083oined the term of facilitated VGI-{fGl) for this type of
contribution.Another type of contribution is one intended for only certain recipients like a circle of
friends(Elwood, 2008b; Sieber, 20Q7his is common in social netwodpplications. It is important
to note that even though users may want to share this information with only a limited number of
people, it is sometimes available for everyone eltleenuse of theoftwaredesign or because of user
errors in softvare manipuwtions Finally, the last leel is when contributors are mainly unaware
aware that they are contributindglwood, 2008b; Tulloch, 2008For instance when using GPS
enabled phones to take pictures and post them on the Internet, some usetsaarare that the
pictures location is embedded in the image files andbeansed by itintentioned individualsThis
constitutes only one example of what hramv beentermed cybercasingFriedland and Sommer,
2010) It alsoechoegheearliercritiqueof GIS asamears of surveillancdromthei GI S and Soci ety
debate(Pickles, 1991)Obermeyer (2007¥escribes this phenomenon as geoslavery where people
agree with the survéilnce for the benefit it brings despite the intpot threat on the individual

privacy.

The secondharacteristic inherent to the VGI collection process is the degregeodction and
involvementmade possibléo the usersAs presented earlier, this concept is centrahamy PPGIS

frameworls whereit is represented by several versar the public participation laddefSchlossberg
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and Shuford, 2005)However, asimpleg approach adapted frohe Rowe and Frewer (2005)
typology presented irSection2.2 considersanformation flows in the context of this typologyOne

way flows from thefacilitators to the userg/here users are only informed and do not contribute data

is not comsidered here as it is not relevant in a VGI contéke secondype of one waynformation

flow, whereusers contribute informatian a survey approadbut do not see theesultof their work

is one case oY/GIl. However, even thougthis type ofinteraction was quite common in early PPGIS
initiatives, it is becoming rare in recent VGI applicatiowith two way information flows, sers
contribute data and are able to see the results of their work combined with the contribution of all other
users.This interadbn is now verycommonsince producers and usene often synonymous the

VGI context(Goodchild, 2008)

There areactually now VGI applications where there is no determifealitator but only a
community of usersThus, hese two types of interaction can be commded by a nway flow
interaction that is not present ihe Rowe and Frewer (2005)amework. An way flow refers to
applications where users can also cooperate in the data collbgtioommenting oiediting each
ot her s 6 cTheneforefhrbeudaved af interactioncan beusedfor VGI, namelyoneway from
the users to dacilitator, two way betweena facilitator and users and finally n way where

communication expands to include user to fisev.

Data
Process
Spatial Attribute
Structured/ Objective/ :
Capture Feature Unstructured Sullojective Interaction Nature
- Selecting - Point - Structured - Objective | -1 way - Volunteered
- Drawing - Line - Unstructured | - Subjective | - 2 way -f-VGI
- GPS - Polygon| - Other formats - nway - Private
- Geocoding - Unbeknownst
- Location
through networks
- Twitter

Table2.2: Selected VGI characteristics and their possible value.

The next sectiomises thesparameters to describe and characterizerthim VGI types identified

along the VGlcontinuum
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2.3.4 A VGI Typology

The review ofa sample of VGI applicationsnabledthe delineatiorof threegenericVGI types of
VGI. Each type is located along the V@bntinuumand describedy set characteristicsSlight
variations in the characteristics within each tyge to the identification of severalbtypesThese
typesand subtypearepresented and described in the following sectibhe characterization @ach
VGl typeis illustrated with a reference to poputarrrentVGl applications All the selected examples
are positioned within the framework graphically representétigare2.5.

Conventional GIS knowledge Unconventional spatial knowledge

A A
r AY4 N\
Scientific knowledge Local knowledge Personal knowledge

e fire eagle
=
OpenStreetMap mapia l‘ dis ;- ou
s S - = PLAZES
Goc gle eBird vemevep  MAP( CHAT - G GLQUEJSIe
 Map Insight @ushahidi e @EveryTrail @ brightkite
DOPPLR

Map Share @ FixMyStreet Pan@romio facebook -
NAYIES Y& waze flickr

Figure2.5: VGI framework

Scientific knowledge Local knowledge Personaknowledge
VGI Type 1 VGI Type 2 VGI Type 3

- volunteered - facilitatedVGI - Kept private
- Objective - Subjective - Subjective
- Structured - Unstructured - Unstructured
- 2 wayor nway - 1 way, 2 way or nway - nway
- Digitizing, GPS twitter - SelectionDrawing, - Location through networks,
- Only points or points, lines| geocoding geocoding

polygons - Points, lines, polygons - Only points

Table2.3: Table summarising the main characteristics of each VGI type.

24



2.3.4.1 Scientific Knowledge i Type 1 VGI

Description

Theleft end of thecontinuumis anchored byf'ype 1 VGIwhich,in many respects similar to data
that have been traditionally been created by professiohaioncernsdatathat arepredominantly
structuredand objectivgseeTable2.3). Type 1 VGI iscontributedin a volunteered procesy users
ranging fromamateursto professionalsThey can usually collaborate in three way fashion,
specifically they can contribute dataet and useéhe resulting datasetand importantly they can
correct ot heswhghas a @sultgredthbimptovesthe dataguality. In some cases, this
may also lead to deliberate error creation WG projects usually have safeguard to avoid that.
create the datgyrecise meansf capture arausually favoured such as GPS recesyéiowever to
allow more people to participatsimger methods are sometimes us&gpe 1 VGI includes base
data layers such as street network, building footpangmint of interests (schools, airports, etc). The
generation of such datasets through collaborative effort is usually motivated by the possibility to
create open datasetse€OpenStreetMaphttp://openstreemap.orgxample beloywas an alternative
to restrictedand expensive commercial ones. However, it is important to note thatus&3lan
sometimes be restricted by licences (see commercial map maker exbaiplds Another example
of Type 1 VGI isresearch data such as climate change observations or bird sigistegeBird
examplebelow). Such data particularly benefit from the VGI production approach as they are very

costly, if not impossible, to collect without the help of numerous volunteers.

Examples
OpenStreetMap

OpenStreetMap (OSM) is a global initiative to create collaboratively atdrase world dataset
using the efforts of participants from all over the world. The project was initially focused on streets
but has now expanded to many ethypes of feature such as trails, bike lanes, parks, rivers, house
numbers, restaurants and other point of interests. The volunteered collaborative process occurs in a
Wikipedialike method. Users can contribute new features to the map or edit and edregchas
been done by other users. The usual process to create a new feature is first to collect GPS tracks in the
field, upload them on the OSM server and finally edit them with either a Web client directly
accessible from the OSM interfacEiqure 2.6) or with more advanced standalone software like
JOSM (Java OSM) editoAnother method to input data is the digitisation of features directly based

on an aerial imagery. However, this can be performed only with data sources that have a license
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compatible with OSM. For instance, Yahoo! Imagery granted the OSM project the right to use its
satellite imageryWeb service. Similarly, several government mappagencies such as the US
Census as well as some commercial firms (&ND (www.and.com) have grantedSM access to

key base map daats. In contrast, any featutieat is digitized or reproduced from nepublic-
domain data like Google Maps is prohibiteg the OSM communityOnce the spatial data are
created, @ributesare added to the data to describe the featddtisough theoretically free, most
users follow an attribute structure elaborated collaboratively by the OSM community.

OpenstreetMap view  Edit History Export = GPS Traces User Diaries log in | sign up

H ‘4

\\\\\\\\\

Help & Wiki o5 P By
News blog N -

Shop Waterloo

Map key

Kitchener

Search Where am 1?7

aterloo,onta o
o
A

2km Pertialink
i { Shortiink

Figure2.6: OpenStreetMapentredon the KitcheneklWaterloo area

The main incentive forthe users (e.g.members of the publiccorporations, noprofit
organizatios, researchers) to contribute data is that all the data contrilbeagbing back to the
community eithelmsWeb maps andcan also be exported in various formats for personal wsesr
the Creative Commons AttributieBhareAlile license (http://creativecmmmons.org/licenses/by
sa/2.0J. Howeverthis licensehaslimitations when used witlyeographical datand new licenses
such asthe Open Database Liceng@ttp://www.opendatacommons.org/licenses/gdiale under
developmento deal with these issuess dediled inHaklay and Weber (200&)nd inSection2.4.7.
Licensing issues amspecially important and complex in the VGI contextlze data arereated by

many users andre usually ultimately meant to be shared and reugedit happened in the open
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source software world,the definition of standard licenseapplicablein the context of VGI is
necessary to increase the ease of use and consequently the utility and the visibility OEWG&
supported by a growing dynamic communisg€Figure2.7) that organizes social events such as map
parties(Perkins and Dodg 2008)and evena yearly OSM conferencecalled State Of The Map
(http://lwww.stateofthemap.org/As a resultan important amount of data has been collected and is
rapidly increasing'seeFigure2.7) and avideomade by TO world (http://www.itoworld.comy}). This
success has made OSM an emblematic VGI application which benefits from a lot afoyersge in
specialist andnainstreammedia (http://wiki.openstreetmap.org/wikdpenStreetMap_in_the_mellia
that then attracts more new usefrie creation of companies such as CloudMade and Geofabrik
(http://cloudmade.comand http://www.geofabrik.dg/based on business around OSlgserts this
successThis project illustrates the power of VG&or the well mapped areas of the world, it offers an
alternative to the cogirohibitive commercial datasétlaklay and Weber, 200&8ndfor areas of the
world that are left aside because they aret considered profitdb by commercial mapng

companiesit sometimeoffers theonly widely available mapping
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Figure2.7: Graphof theusers and contributions OSM.
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Commercial Map Maker

BesidesOpenStredilap, commercial mapping companies such as TeleAtlas, NavTeq and their
partners saw in the VGI phenonagropportunities to complement and replace part of their expensive
and timeconsuming process to igerate and update data. Congrar gpen data, these of these data
is restricted by the licenses of the companies and therefmteibutors cannot reuse the data for their
own purposeTheonly incentive for contributaris in the form ofbetter servicethatthey can gein
returnfrom these companiethanks to the improved dat@ommercial software to report feedback or
create new data includes Google Map Maker, Tele Atlas Map Insight, Tom Tom map share, and

Navteq map reportekMalherbe (20095ummarizes thiprocess as illustrated Figure2.8.

Dar= - magery
Use Canarred oo [ e
Tl | G e [ oo oo

WEp MGREr-SRAEEhup.
Panoramlo-Support

of data laysrs My [+——————— (o -3[\‘ -_—— T — = — — -Agreement — — — — — — — — |
Mape, atc.

Tele Atlas Map
Insight |— _——— e —— — Furohagt- — — — — — — — — — —- -
[Peie Atias)
TOMTOM magery Provicer
. -
[P ——

B nl o trafe - iector data prowidsr

™l snfo trafic - NOKILA Naanal Frovder
£ | Pokla Maps
T | Goverment s

Gggng;g L e — — — Farhags- — — — — — — — — — NAVTEQ@
I
HENTER Il
Map Reportsr Il
rearmant I
el —————— AR — — o — — |
S0Wla-
Photosynin- |
suppart of data Microsoft-— —— —— —.— Aoveement. L __ __ a
\ayers, stg, | =——————— [ T
GPS |
Audray Malnesbe |
@ GaoinWab.com LES Plattorm
[Mapquest. Mappy. m
=anvices of local
)

GIS Softwars
[ESRI, ate.)

Source:Malherbe (2009)

Figure2.8: Usergeneratedontent to correct commercial geospatial data
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eBird

The inventory of biological species such as plant specimens or birds for biodiversity studies has
always beera domain where scientists nebdlp from volunteers due to trextentof the task.
Thereforeexploring VGI avenues as new ways to facilitate the collection of geographic information
on species by volunteers appebke a logical proceséKlinkenberg, 2009)eBird waslaunched in
2002 by the Cornell Lab of Ornithology and National Audubon Sodetyrovideinformation on
bird abundance and distribution based on the observations madelunteer recreational and
professional bird watcherBird observatios can be submitted directly on the eBiMEbsite through
a stepwise process that includesation of the observatiorfby geocoding, pinpointingn a mapor
direct input of coordinatey and input ofattribute informationsuch as the date and the typmé
observation along witla freeform note.The data collectedre aggregated in a database andde
available through interactive maps, graphs, and bar ctiettsan also be downloaded. As of 2006,

participants reported more thd.3 million bird observations across North America.

Other similar projects: Another very similarWebsite is Geobird(http://geobirds.com/) Other
scientific domains that require a large number of {tmesuming measuremertigve startedising
VGl such as volunteers mapping vernal pools in New Jersey(Tulloch, 2007)
(http://www.state.nj.us/dep/fgw/ensp/vernalpool htifihe Snowtweetsproject at tie University of
Waterloo uses twitter to collect snow measuremen(ttp://snowcore.uwaterloo.ca/
snowtweets/snowbir§i/and E-Flora BC which allows usersto report suspected new sightingf
invasive plant species in British Columlgidtp://eflora.bc.cg/

2.3.4.2 Local Knowledge 1 Type 2 VGI

Description

Type 2 VGI or local knowledgbasedvGl is contributed by the users tiive alocal pespective
on a particular issue or topior simplyto provide a descriptionf their surroundingsTo do so,in
contrast toType 1 VGI, the data aredifferent than usual GIS knowledg&hey are mainly
unstructuredunder the form of free texhat enables peopleto express their own perceptions and
ideas Along with the free form textusersare often asked to categorise their contribufreely or
according to predefirtlethemesin orderto facilitatethe data browsingA three way interactiors
enabled in Type 2 VGapplicationsrather than aiming at improving the data quality like in &ylp

VGI, it seeks to facilitateommunity discussiom orderto identify areas of conflict or agreemein
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some cases, the aim of the data collection is only to survey the public and interaetiween the

users arereot enabledType 2 VGI can be cdlctedin an open volunteered proce3he aim is

usuallyt o gat her p e sapdutahissurtbendirgsee Wikimapiaand Flickrexample)
Suchdataareimplicitly subjective and can be usedidentify placeshat are representative of people
perceptionnstead ofstandardized geograpHioundariesType 2VGI can also be&ollectedaround a

specific issueor topic as part of a process facilitated by local governsest community

organizatios. Thesedataareusual |l y openly subjectiVhscageni i nvol v
termed facilitatee/ Gl (f-VGI) by SeegerZ008)andis especially relevant to involve people in local

planning processes or collect reports about exceptional events (see Ushahidi and MapChat).

Examples
Wikimapia

Wikimapia draws upon the concepts and procedures from Wikipedia and applies tileen to
production of an editable and interactive map of the whole world. Wikimapia differs from
OpenStreetMap in the kind of spatial features and attributes that are collectedinrapia, the data
contributed arefocused on the identification and desdopt of placessuch ascounties, towns,
schools, hospitals, restaurant and any building of particular intdieste faces were originally
identified by simple bounding boxes drawn over an aerial photography but the system has evolved to
allow users to driw complex polygons and linear features (Biggire 2.9). Once a spatial feature is
drawn, the feature is described by a free form description that can incorporate pictures and videos and
by a category that identifies the type of feature. As mentioned on the Wikimapia wiki, the data cannot
relay opinions andigws andaretherefore supposed to be objective. However, as mentioned earlier,

even the spatial definition of the places can be subjective.

The number of places added to the map since the launch now surpasses 10,000,000. These data are
licensed to Wikimaja and can be used only through their Website or APl which is significantly
constraining compared to OSM. However, as mentione@dnydchild (2008)Wikimapia provides a
richer alternative to a standardized gazetteer as it can show the multiple names and perspectives of the
geographical places which is an important potential of VGI, as identifidelvbgod (2008b, 2009)

and discussed i8ection2.4.6

Other similar projects VGI project like CommonCensukt{p://www.commoncensus.ojg/Tulloch,
2007)or the Toronto neighbourhood map elaborated by the Toront¢kStar, 2009)
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Figure2.9: The region of Waterloo in Wikimapia.

Ushahidi

Ushahidi is designed to provide a simple viaygather information from citizens for use in crisis
responseSuch VGI can be extremely powerful as they can provide insights into crisis events that are
inaccessible or neglected by the mainstream méldibahidi was first used in Kenya to map reports
of postelection violence fallout in 2008. It has since been used to cover other events
(http://lwww.ushahidi.com/wopksuch as the Indian Electiptine xenophobic attacks in South Africa
and the Haiti earthquakéractically, Ushahidi is platform to colect data contributed by citizens
through text messagesmail,or aWebform input The data input consists offeee form comment
along with an optional categoghosenfrom a predefined sethe location of a report is determined
through geocoding or ppointing on a mapEven thoughhe dataaresupposed to bebjective, inan
emotional context ke a crisis event, sontlata may be biased or exaggeratéskrs can interact with
each other by commenting ant h e r s @r by voting onettse credibilityf a report.The data
collected are then aggregated and made puldicdylable on &Vebsite where thegan be visualized
through maps, timelines and graphkshalidi is only at its beta version but thellaborative open
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sourcedevelopment it useauigkly bringsa lot of improvementsuch as a Twitter module and smart

phone applications to broaden the possibilities of inputs.

Other similar projects Similar applications have been created to cover various general events les
focused on humanitarian cris&ne of the first ones was Twitt¥iote Report, a platform for crav
sourced election monitoringwitter Vote ReporgllowedUS voters to report voting irregularities in
reattime. Another example of suchan application was created by Ben Marsh
(http://www.benmarsh.co.uk/to cover the exceptional snowfall in the UK in February 2009.
FixMyStreet allows residents to report local problems such as graffiti, potholes and street lightning
issues. Finallythe ethically questionable RottenNeighb@liows user to report nuisance made by
neighboursHowever, sich dataredefinitely subjective.

MapChat

MapChat is aWebbased tool developed to facilitate rdagsed discussion between citizens,
planners and policy makerBhe case study presented in thesies data thatavebeen collected with
MapChat soits presentation isliscussed inmore detailsin Chapter 4 To enable a mapased
discussion,MapChatallows uses to draw features on a map (points, lines, polygons) or select
existing features and to leave comments linkedhesefeatures or drawingsThe comments are
unstructuredree text.Userscan also respondsynchronously omasynchronousiyto other peopl@ s
comments to agreejsagree or simply add details to mbgsed discussionMapChat & used in a
facilitated process wheregavernment agency @an NGO can use the software to collect input from

citizenson a specifidopic (seeHall et al., 201D

Other similar projects Many other examples of applicatiof collecting input from local people

canbe faund in the PPGIS literaturgCraig et al., 2002a; Seeger, 2008ne of the earliesiVeb

based applications isiiual SlaithWaite(Carver, Evans, Kingeh, and Turton, 2001; Kingston,

2002) It allowed users to select features on a map a leave comment on them. However, users could

notinteract with each othemd they could natee the resulting dataset

Flickr

Flickr is anonline photo management tomhere users are able to upload, edit, orgarsined share
pictures.Photographers can addireeform descriptionand descriptive tagsext to each picturdhe
free tagging method givesome structure to the alphamericcomponenof the data andiacilitates

browsing Picturescan be locatedn a mapby dragging thento a specific location Other more
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advanced methods involving third party tools and GPS unit can be used. The most popular method is
to use the EXIF format which allows users to embedtioedinates ofvhere the picture was taken in
each picture file. Flickr can then directly read the EXIF tag fromitee &nd automatically position

the pictures on the map.

Anyone is fee to jon the Flickr community and cashareor keep pwate the ptcturesthey
uploadedWhen the pictures are sharegsers carinteract andtcommenton otherp e o p picau@s
To date, over 3.6 billiopictures havéoeen uploadetb Flickr and about 83 millioare geotaggedt
a pace of about 3.5 millioa month.This largeamount of VGImade of free descriptions and pictures
offers researchers new avenues to study péopspectives on plac€Bykes, Purves, Edwardes,
and Wood, 2008; Purves et al., 2009; Purves and Edwardes, B088)Isoimportant to note that
picturesharing platforma can also be useshly for personal interests &hareprivately pictures with
relatives.To reflectthesedifferent uses, these applications are located in between LK and PK.

Other similar projects Panoramio and Ipernity arether project almost iderital to Flickr.
Panoramio is owned by Google and therefore it has the advantage of being able to exploit Google
Map data andhe associatedPl. Ipernity extends the sharing concept beyond the photos with videos

and audios.

Yelp

Presentation:Yelp is aWelbsite that provides lsting of businessslike the Yellow Pagecombined
with a platform allowing users to leave reviews on the businesses and seBachslusinessis
sorted inoneor more categorieandis locatedon the maghanks to theyeocodingof their addresses.
Users can leave free formviews accompanied by a rating on a scalepé tofive. They canalso
interact with each other bigave reviewsand ratingsas well asthrough othersocial networking
featuredike direct messaging anshline communitiesRecently,in response to theriticism stating
that businesswere defenceless against negative reviews alsdthat some of the reviews may be
wrong, Yelp added a feature to allow business ownereply toa review The contributionprocess
is based on volunteering and the incentive for users to contribushare theirgood and bad

experiences

Other similar projects Dismoiou is a francophone equivalent to YelpveryTrail deals with another
topic as it allows users to share theips or hikes. Users can uploads®S traclkof their hike that is

then represented on a topographic ntapthermore users can upload the pictures taken dutimey
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trip to get them georeferenced along the tagdithe place they were takeBince thiskind of VGI
applicationsoften offers social network featurés order to share experiencegh friends, they are

located at the transition between Type 2 and Type 3 VGI.
2.3.4.3 Personal datai VGI Type 3

Description

Type 3 VGI is produced usingthird group of applicatios) inspired by social network applicatigns
which allow users to shargeoreferencediatawith their friends and relativesr sometimes with
anyone These applications are sometimes also termed loch#ised social netwoskThis type of

VGI has beerpopularized bymoderately cheap smart phones allowing for automatic geolocation
through the use of the phone or Internet netacfke primary functionality is thatsers can share
their positionwith their friendsand vice versao that theycanget in touch with them when they
happen to be nearbysers can also share georeferenced stories, picntagcommendationand

in the other way around they can get information on their immediate surroualoiing point of
interests okeventsthat has been previousphosted by friends or even any usekh.the information
exchanged withirthese social networkis mainly subjective andinstructuredIt is usually kept
privat e, especi al |spmetinfomnationssech ésgentd nughtabe sharad withu t
everyone.Such applicationdring questionsaroundprivacy. Usersusually arein total control over
what theychoose toshare however an error in handling the software can easily happen or even

information might be collecteid a process unbeknowa the users.

Examples

BrightKite, Loopt, Plazes Dopplr and othergsee Euvrard, 2009 have a fewdifferences but they
more or lessallow users to perfornthe actions described aboveSome applications such as
Foursquare and Gowallgse thegeolocation and social networkimgpects as a base for ganidse
solutiondevelopedy Googlecalled Googld atitudeis focused only oenablingthe useto share his

location andocatehis friends Fireeagle islightly differentfrom the example cited above because it

is platformt h a't all ows devel topagonis applicationsthay dujd (eamplesu s er s 6

includeBrightkite and Dopply.
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Data

. : Process
o Spatial Attribute
Application — -
Capture Feature Structured Objective/ Interaction Nature
Unstructured Subjective
SK OpensStreet | GPS tracks| Point, Structured Objective nway Volunteered
Map Digitizing line,
polygon
eBird Geocoding Point Mainly structured Objective 2 way Volunteered
Pinpointing
GPS
Wikimapia | Digitizing | Bounding Unstructured Mainly Objective n way Volunteered
box and (freedescription
polygon Structured
(category)
Ushahidi Geocoding Point Mainly unstructured| ObjectivéSubjective nway Volunteered
Pinpointing (free text)
Structured
(category)
LK MapChat Drawing Point, Unstructured Objective/Subjective nway f-VGI
Selection line,
polygon
Virtual Selection - Unstructured Subjective 1 way f-VGI
SlaithWaite
Flickr Pinpointing Point Mainly unstructured| Mainly subjective n way VolunteeredKept
GPS Structured Private
Yelp Geocoding Point Unstructuredcand Subjective nway Volunteered
Structured
= BrightKite Networks Point Mainly unstructured Subjective nway Kept private
GPS

Table2.4: Review of a VGI sample
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2.3.5VGI Type Addressed

As presented in the previous section, the te@& does notefer to asingletype of data but rathe¢o
multiple types of datawith different characteristics andontributionpurpose. As a consequence,
research questions and challenges \agordingto the different types of dat®©n the one hand,
somechallengesare commorto all three types of VGWith different emphasidepending on the type.
For instance, the issue of dibility and quality of volunteered information is relevant for any VGI
type However it is particularly crucial for SKOn the other handsome challengesare specific to
certainVGI types, for instance the isssearoundprivacy with PK Given that it isbeyond the scope
of this thesis to evaluate potential solutions tooélthesechallenges, the remnder of the thesis
focuses on ¥pe 2 VGlthat raises interesting challengés mentioned irSection2.3.3 Type 2 VGI
is greatly different from mosisualgeographic datdt involves new forms of knowledgesnveying
perceptions and opiniongth datathataresubjective andinstructuredOnly a few methods and teol
have been designed to deal with this typelaiy whereasType 1VGI can more easily draw upon
existing tools designed to deal with standard geographical data.

Furthermore, beyond ttemplehandling of such datdhe analysis and exploitation @erceptions
and opinions embedded in the dede be valuabl® describe placg®urves and Edwardes, 20@8)
can be integratedin a planningor designprocess.However,in their raw form these data have
sometimesvery little usability for planners and decision makers especiyey areincreasingly

generated in large volumeas stated byrulloch (2008, p. 168)

fi..]highlights he need for plannsrand designeite become more
familiar with these technolags and various forms of VGI to that
they are properly equipped to find the proper meaning in the

cacophonous deluge of VGI that is becoming available.

Plannersand the broader publimust becomérainedto usesuchdataandnewtools are required to
improve datébrowsing and visualizatiothat enables meaning to be extractdlch tools also enable
a better collaboratiometweerthe userswho can easily browse existimigitaand thereforeontribute
data that are more relevan(Hopfer and MacEachren, 2007 itizens or communitpased
organizations wouldlsobe better equipped to use $halata to build case® defend theicauses.
The renainder of this studyocuseson Type 2 VGland especially oimprovingits usability through

visualization techniques
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2.4 The Power of VGI, its Related Challenges and Possible Solutions

2.4.1 Introduction

The major differencesbetween VGI creation processes aedulargeospatial data creatigamocesses
give VGl unique characteristicasnotedby Elwood (2008a, p. 133)

fiThese technologies and practices are dramatically altering the

contexts of geospatial data creation and sharing, the individuals and

institutions who actas data producers and users, and perhaps most

strikingly, geospatial data themselves. 0

As such using VGlraisesnew challengesas well as it stresses old cartographic challenges such as

the representation of vaguengBsher, 1999)These challenges significantly limit the usability and
the utility of VGI andthey therefore need to be addressetike advangge of the full potential of
VGI. However, using VGI requiresthe adapation of existing conceptsand tools as well as the
creation and experimentation of néschniquesA review of the main challenges related to VGI and
especiallyw Gl Type 2 ispresentedn the nextsection

2.4.2 Quality, Accuracy, Credibility

Theissue of thequality of VGI has attractednost attentiorto date Similar to what happesdin the
journalism field where blogsvere criticized by professional journalists for neglectasgablished
journalistic practicessome professional majmakes feel threatened by themergence of amateur
mapping andjuestionthe quality of VGI(White, 2008) There are several legitimateiticisms that
stemfrom the fact thatvGl changes dramatically the geospatial data crestionl dissemination

processes

Standard geospatiallata creation processeare characterized by the presence mbfessional
gatekepers who act as an authority bgontrolling data quality ancthaintairing standardsHowever,
the Internet and the Web 2.0 lowdahe cost of creating and disseminating informatiand
consequently crean abundance of informatiggroducedcollaborativelyby multiple users most of
whom typically remairunidentified In this context, ie commonconcept of authoritgmbodied by
gatekeeperss no longer viableg(Flanagin and Metzger, 2008furthermoreus er s 6 ski |l I s a
disparate and tools that are supposed to embed the requiredsexpeyhave builtin errors that

impact data qualitysuch asmagery thathappens to beffset in Google MapgGoodchild, 2007)
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Therefore, theoncepts of credibility and quality of the information based orstablisheaxpertise

of the creators are no longapplicable Finally, the information might be manipulated with some
forms of fi g(8ieberp200Wpri paolitictsed by certain user®verall these concepts
fundamental in the regular data production processdto be re-worked and adapd in the VGI
contextin order b find solutionsto evaluae the quality of the information. Berwise VGI will not

be usedMaué, 2007r couldlead to serious scientific, social, personal and political consequences
(Flanagin and Metzger, 2008)

In the case ofype 1 VGI quality and accuracy isrucialfor the data tde useful and adopted by
scientists and users large as mentioned biKlinkenberg (2009and formulated byhe eBird team
on theirWelsite (http://ebird.org/content/ebird/about/ebiddtaquality):

fiA database is only as good as its weakest retfceden a few

records can be deemed questionable, then the entire data set can be

labelledas such .
Thanks to itssimilarity to standard geospatial data, itéasierto use mainlyclassical methods to
ensureor assess the qualiof VGI. In this casethe definition of quality includescharacteristics such
as lineage, attribute accuracy, positional accuracy, temporal accwampletenesand semantic
accuracy However, quality control andassessmerdare rare andoften not performed by the VGI
communites themselve r ot her 6of fi ci al 6Foraigseantedespite itsf o r
popularity and its impressive amount of collected d@mpenStreetMaghas no systematic quality
control and assessmenand only a few external quantitativdHaklay, 2008, 2009pr qualitative
assessmest(Michaud, 2008)have been performed. Theseport aheterogeneous geographical

coverage, accuracy agdntent

An exception is Bird that implemens systematic quality control for eadtecord based on
automated data filtere/hich detect and flag unusual recordsarity, out of season..that arethen
reviewed by scientists and expert bird&ach methods can be combined withmal usertrainings
when the initiative has its roots &nlocal and materialized proje@ulloch, 2008) online resources
or spontaneousiser communitymeetings such as OpenStreetMap piag parties where new users
are taught how to use a GPS and edit geospatia(llatkins and Dodge, 2008)nother option ito
provide materiaé that embedome of theequiredexpertisesuch asensorgGouveia and Fonseca,
2008)
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Whendealing withType 2 VGI| parameters such dimeage oraccuracyare difficult to ascertain
given the subjective and qualitative nature of the datkeed, such data cannot tigectivelyjudged
good or badut they can rather be judged useful or relevant for othelanagin and Metzger (2008)
note that itis more elevant and useful to consider thetion of credibility based ortrustworthiness
rather than one based accuracyTo apply this concepteseral methods can be usédfirst group
of methods relies on exploitirgdegree furthethe core conceptof the VGI phenomenontlie users
and the échnology. Even thoughthey are at the origin of the challengdiseir powercan be
harnessed to design potential solutidfisst, the ability for the users tcomment or correctreorsin
otherss éntriesallows for an ongoing quality assessmenth i s -cdirectold bf the databecoms
more efficient as the number of users increasesaddition, more formal evaluatis can be
implemented by allowing users to ratiee quality of each contribution and thesed verall
reputation(Maué, 2007psis commonn commerciaWebsites such as Ebay or Amazonhis creates
apeerto-peer or crowdsourced credibility assessméhe user reputatioapproactcan be combined
with a system of user lexewhere users have the right or not to perform some admmwding to
their reputatiorand experiencdike in Wikimapia where here is no need to be registered to add a
place to the maputit is required tdbe a trusted user to perform other actidiieese pproachesan
alsobeused withType 1VGI to infer thereliability of a user and the credibilignd qualityof his/her

contributions.

Such systemare usually effectivé r om t h e u s e,asgh&comributauavaluatibns aré e w
proven to influence the credibility judgement of other ugElanagin and Metzger, 2008)owever,
systemssolely based on crowdsourced methods may suffer from bidaestoreal life social
relationshig (Maué, 2007pr group thiking effects (Flanagin and Metzger, 2008)at can introduce
bias. Therefore, these systsncan be complemented by taking into aatiother objectiveand

externalpaameterdy the use oélgorithms and automated methods.

An interesting examplds provided by Swift River, a project under development alongside
Ushahidi Swift River is designed tmake sense of the massive amountmébrmation collectedoy
dealng with two of themain challenge thatVVGI platforms are facing, namelythe information
overloadandthe informationquality. To do so Swift Riverimplements awo stepfilter that assess
the veracity and level of importance edichpiece of informatiorio validateeventuallythe data and
establish factsStep one consistsf applyingmachine based algorithng the incoming flow of data

such asatural language processit@parse the cdant of the submitted reporésdidentify reports
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thatare related to one same evamaggregated and assumed to have a veracity dé¢deder, 2M9).
The second step sdecentralized human filteringrocesghat engags self-interestedcitizers who

curatetheinformation(Hersman, 2009)

Once the information has gone through two step process,is then availabléo beusedby other
applications Other examples include a reputation model implemebyeBishr and Mantelas (2008)
based orpeerratings of informationthe number of time an entityhas been reportedhe distance
between the user and the contribution he mad#the usersocial network characteristies well as
an entirely algorithmbased methogresentedMummidi and Krumm (2008)to identify points of
interests by finding geometric clusters of contributions and examining their TExtsethree
examplesrely on thenumber of contributions and relate the number of laimtieports with their
guality. However sucta methodis difficult to apply when VGl is collected in small amosimlso, it
can create a bias between popular and rare knowledgveeerhighly and low populated areas.

Methods based on reputation #&rdalgorithms are good alternativd regular quiity assessment
and controlin orderto assess the relevance of the contributed. dé&taeover,thesemethodscan
serveto deal with visualizationissus due toinformation overloadas described inSection2.4.5
However, the notion afelevancecandepend orthe person lookingtand using the datd@wo people
in two differentcontexts may want to look different aspects of the dath this contat, it seems
better to considefiltering techniques that can help a user find and refinértfoemationthat héshe

deems relevant a®tedin Section2.4.5

2.4.3 Heterogeneous

Theu s e perspectivesskills and vocabulaies get embeded in VGI, especially oType 2.Given

the extreme variety of people who contribute data, resulting datasetlikely to behighly
heterogeneougElwood, 2009) Moreover, the heterogeneity tendsiioreag asthe volume of data

increases For instance, within a dataset, similar words can be used to expresendifideas or

different words can be used to express the same ideas. Similarly, accuracy can vary from one feature

to another according to the methadaployed for data inputhe user kills and knowledgeand even

the scale that a feature is drawnlta can also be heterogeneous in $asfrspace Some areas may

be replete with VGI data whereas others mayabé mo s t empty of afuch usersbo
heterogeneity can be interpreted ittentify areas of particular interestiowever it has to be

interpretedcarefully. Indeedspatialvariationsin the datacan be dudo other reasons such as high
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and low population densitiem inequalities inaccess to new technologverall, the observatiomf
VGI datadensitycan beconsideredo provide insightais describednd used in Bapter 3Moreover,
methods to visualize thepatial variation ofnformationdensitycanalsobeused tdfacilitate the data

browsingas described iBection2.4.5

Heterogeneity of VGI is also problematighen integratig different datasets together. For
instance, different VGI applications may address similar issues but with different perspectives or
different semantie Approaches toackle this issue carely on the standardization of terms, the use
of ontologies for automatic integration or the use of metadata for a more manual intg@iiatamd,

2009) However, such standardizaticeems hard to apply for thegpge 2 VGI that is volatile and
unstructuredin this context, studying the dynamic evolution of the data may yield more interesting
insights as described Section2.4.6 Similarly, the integration of VGI data generaiach bottomup
approach withusual geographic dataeated in a toplown approacls a challenging issué¢diowever
Goodchild (2007¥keesan opportunity for VGI to be integratedwith regular data sourcésecause of

the decline of mapping agenci€duch integration woultle based orthe emergence of a patchwork

model

In this model,VGI complementsthe official data infrastructureby providing localized data
collection that helps genetiag the complete data coverag8uch an approach seems entirely
appropriate foiType 1VGI with, for instanceWeb sensor application&Craglia, 2007; Gouveia and
Fonseca, 2008However it seems a lot more diffieub put into practice for fipe 2VGI that include
new forms of knowledge (see 8ection2.3.3.3. Thusthebest way to take advantageTofpe 2VGI
may not beits simple integration with official datinstead, the power ofype 2 VGImay liemorein
the exploration and exphaition of itsrichnesgqualitative, multiple view points, dynamic.tg bring
differentviewpointsand knowledge to a community and eventually be integrated in fal@c#dion
making processs Such anapproach can bbased on the use ahalytic and vigalization toolsas

mentioned irSection2.3.5 anddiscussedurther in the reminder of this section

2.4.4 Qualitative and Subjective Knowledge

As presented in the previogectiors, the quatative and subjectivenature of Type 2 VGI raises
issues orthe evaluation ofts accuracy and qualitgnd on its integration with regular data sources
However,these aspectef Type 2VGI arealso an importansource of itgichnessIndeed, asaised

by GIS critiques in thd99 0 (see ®ction2.1), official GIS dateoffer a restricted view of the world
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andfail to integrate local and subjective perspedibat can be a®r more valuabk. In this context,

VGI provides a greasource to complement official daby allowing uses to express the world as
they perceive ithroughtheirrich and vague@iewpoins. However, the use of VGI with regular GIS is
complex.Interpersonatliscourse isnherently vague and semantically rjethereas GIS data models
are simple and precig&oodchild, 2002) Therefore,Type 2VGI is difficult to integrate in regular
GIS data models. As mentioned$ection2.4.3 the simple integration and usefpe 2VGI with
existing tools and data is likely not the best way to expigite 2VGI. Indeed, as conceptualized by
Purves and Edwardes (2008)Figure2.10, standard GIS data diype 1VGI andType 2VGI do not
meet the same needs. Standard GIS degaiseful to represent abstract space which is suitable to
perform analysesvhereasType 2VGI can be used to describe places based on humaapiens.

To exploit this VGI richness, existingnethodsand tools needo be adapted and reinventdebr
instance, Wikimapia(Goodchid, 2008) CommonCensus(Tulloch, 2007) the Toronto Star
neighbourhood ma(Kidd, 2009)or someexploitation ofFlickr data(Catt, 2008; Dykes et al., 2008;
Straup Cope, 2008)Justrate how the richness of VGI can be used to identify and visualise areas that

are representativaf peopl® perception of places rather than standardized geographic areas.

Geometry Spatial Maps Mental Social Place
Patterns Maps Interactions
Empirical Cognitive Social Experiential
Space Space Space Space

SourcePurvesand Edwardes (2008)
Figure2.10: Spaceplacecontinuum

Another aspect of the qualitative facet of V&incers the vaguenessf spatial objedi n peopl eds
representationas mentioned byingston (2002, p. 11i)ipeopl ebs evesfyzdyay | i f e
entities which are not boundeg b n e a t Thik topiceeande seassimilar to the long standing
issueof representing uncertainty in G(Eisher, 1999; Zhang and Goodchild, 2Qd2pwever, there
are few practical implementatisand experimentation of the uncertainty or vaguengsiesentation
as it was notmajor in common GIS needsn the context of VGIDe Longueville, Ostlander, and
Keskitalo (2009ktarted to imfement asystem basd on an Opefazetteenpproachand theconcept
of Degree of TruthThe OpernGazetteeapproach isimilar to the Wikimapia principles buffocusing

on a small area of study.
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In parallel, the Degree of Trutillows for the representatioof vague spatial objecby using a
membership function as shown kigure 2.11. The membership function is based ®erencoded
vaguenessassessethy the contributorand systentreated vagueness metadhtsed on the zoom
level at which the feature/as drawnSuch a practical example is a necessary first steppi@sent

the real nature if VGI and support the credibility of VGI

.

SourceDe Longueville et al(2009)
Figure2.1ll gg¥Eol kd representation

To allow users to express their complex thougthis bulk ofType 2VGl is collected in dree text
format linked to spatial featured his free form text can contain facts, opinions, perceptions, and
referencesSuch semantically rich data atemplex to handle, analyze and represent with traditional
GIStools. For instance, such data afificult to classify irto well defined theras that would permit
standard GIS layerto be createdTo address this issu®,Gl applicationscan attempt to design
categories beforeharahd theraskuses to select a categotyesidegher free text This method can
provide an easy mechanism to classify data for VGI applications having a well defined .content
However,for more flexble applicationst canber el evant | keoneseya B8fetem as
and used in Chapter Similarly, other data formathat are linked to spatial features such as pictures
and videos raise important challengas mentioned bgraglia (2007, p. 3) AOt her strands
imagery based (photos, movies, bloggonotations) pose good research challenges in how they can
be searched and documented, and in particularly how they can be harnessed to contribute to analysis

and informed decision makingo.

Another example of the richneskat can be exploiteth VGI data are the spatial references
containedn thefreetextlinked to the spatial featurendeed, a user comment is usually linked to one
spatial feature buh usermay alsoexplain how this featurepatially relates to other featureSuch
references can bexgloited to clarify the messader other usergRinner et al., 2008and to give

insights on the us eriénshispFonritstnrdthesemfereandescosig et i a | r
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spatialzed automatically and be displayed on the naspsecondary spatial features linked to the
messagek-urther research on the spatialion of VGI can draw upon th&ork done tospatializ or
geoparse Welpage content (Scharl, 2007) or books such as the project Gutenkarte

(http://gutenkarte.oryivhich spatializs literature classs.

Finally, it seems that one of the most appropriate approaches to explore the qualitative richness of
VGI is to usevisualization tools in combination with other methods. For instance, aspatial
visualizationtoolssuch as tag clowbr tree mapcan beused to visualize the compl&Gl semantic
(Purves et al., 2009)5patial methodsan be usedo visualize information densitfDykes et al.,

2008) Furthermore,liese approachese complementary with theeed to explore, browsand sort
VGI content andjet meaningrom it.

2.4.5 Browsing and Filtering

Opening the data creationr@any usesis extremely powerful tgollectmassiveamouns of datain a
short timeasillustrated bythe mapping of Haitthrough OSMin the aftermath of the earthquaie
January 210 (ITO World, 2010; Maron, 2010)Ymportant amounts of datre usually manageald
when dealing with pe 1 VGI aghey arestructured accordintp usualGIS modelsHowever when
dealingwith Type 2 VG| the lack ofstructuremakes the datdifficult to browse and important
amounts of dataftenresult inanoverloadof informationfor theusersIn these conditions, the utility
of thedata is limited sincéhey aredifficult to explore, sorand filter. Informationoverloadcanoccur
in terms of contentwhen thereis redundant information or simplpecause there am®o many
contributionsto read In terms of visualimg contributions on a maphe spatialfeaturesmay be

cluttered and the user cannot distinguish feia¢ure from another

In these cases, filters and aggregation methods based ewmalbation of the datquality can be
used to reduce the information overload. Information deemed erroneous can be discarded and
duplicate data can be aggregated through automatibuandrbased approacdis describetty some
examplesn Section2.4.2 Other methods can be basedtbeanotion offinterestingnegsrather than
guality. For instancethe Flickr labsthatlook to improve the explorationf the millions of pictures,
implementa measte of finterestingness http://www.flickr.com/explorehteresting)based on many
parameters such as the commarighe pictureand their origin, the ratings, the tags, the number of
views andother parameterdHowever such methodsimplify and aggregate the data ways that

may not be acceptabte possiblén certain cases.
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First, in political and social contegt the data collection and processing pkakave to be
transparentor the datao be trusted and used by people. Inje@plying algorithms may seem to be
ablack boxsystemthat certain users will not want to trusterefore in this case, theocesdehind
the simplificationof the rawVGI datamust be open and easy for rexperts to interpretAlso, these
algorithmstend tofavour poplar areas since they often babeir calculatios on the number of
similar contributions.In certain cases users may want to have access to all the data and especially t
contributiors that arerelatively unique as they may illustratee opinions ofcommunitiesthat are
isolated geographically or technologigalMoreover, such methodsay not be efficient with data
that arecollected inamountghat have significance to local interests but are too limited in voltones
make thealgorithms meaningful.This critical quantity is oftemotreached byl'ype 2 VGI initiatives
wherethe data creation is done byamparatively small numbers péople wihin a precise context
asillustrated in the case study presentedGhapter 4In these variouscasesmethodsof browsing
and filteing the data according to s e r s 0 is luetterstiteditoi gise local populatios access to
relevant dataTo achieve thisVGI research can draw upa@uvances irthe geovisualizatiotiield
with regard tahe developmentf visualizationtools to browse and explostructured scientifidata
interactively (Dodge, McDerby, and Turner, 2008a; Dykes, MacEachren, and Kraak,. 206t
many of theseadvanced geovisualization toaise too complex or Hsuited to unstructuredype 2

VGI, VGI researctcanbuild uponsome of thesimplegeovisualization concepts.

One of the main obstaclés usingvisualization tools to explorthe dateeffectivelyis the lack of
structure andlassificationof the dataTo address this issuthe datacan becategorizd directly by
the userasthey inputit or afterwards bypower users acting as data curators who review and
categorizethe data However,in both case there are difficulties in the practical applicatioras
discussedurtherin Section3.2.4 The process of categorizing and the categories are often referred to
as tagging and tags in the Web 2.0 cont@xice a satisfying categoation method has been applied
it canthenbe used as a base to facilitate data browaimdjreduce the issue of information overload
with visualization toolsFor instance, a category filter allows the user to choose a category and filter
the spatial features displayed on the map to show onlgrieeéfrom the chosen categoNumerous
Welsites implement such solutions amongst which the Yelp and WholsSick

(http://www.whoissick.org)Welsites are good examples.

Another way offiltering the datato reduce the information overloahd help the users tind

relevant data is to use the spatial compooéttie datalndeed, some users may be only interested in
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data thatareclose to where they live oo anarea of interesthence apatial filter which is actually
nothing more than a geographic query itlassic desktopGIS can be used-or instance, ¥lp
implementstwo types of spatial filter. One allows the users to draw a box on the map and display
only theresults included in this box. The second one alltives usersimply to filter the results
accordingo the map extent being display simple spatial filter based on the extent of the map being
display is implemented inestion 3.3.5.3 Another intereshg example related to spatial filieg is

the ability to exploreobjectsthrough afuzzy finearby concept Users can randomly access other
contributions based on the fact that they are nearby one of intereébis way, users are feto
explorethe dversity of the contenandto create their own idegather than following preconceived
ideas(seeStraup Cope, 2009

As mentioned earlier,he unconstrainednature of the contribution processn causespatial
features tdoecomecluttered and overlap in somareasof a mapas they accumulaté& his isa major
issue that prevestuserdrom visually browsing and findingelevant information oa map.It can be
mitigatedsomewhaby usingfiltering methodsput in somecasediltering might not be sufficienor

could be more efficient when combined with other appresach

A basic featureto mitigate this issue and help vidly browsing Web maps can be simply
highlighting of thefeatureswhen the mouse cursor is over thams it is done by Wikimapia and
implemented in this thes{see inSection3.3.5.). Such highlighting can balso beusedto facilitate
browsing of the datacrossdifferent displays, usually the map display and the attribute display in a
Web GIS context. This technique is called brushing and a frequently usk in advanced

geovisualization toolasdetailed in &ction3.2.4

Anothersimple solution that is frequently used in classic GIS is a scale dependant displaly. Smal
and detailed features are dismdyonly at large scalewhereaslarge broad areas of intereste
displayed at small scale$he dynamic nature of Web mapping also allows this approach to be
extended to scaldependet spatial clusteringin this casefeatures argrouped depending on their
proximity to each other and the current map display sealithe resulting groups arepresented by
aggregate symbaléience,when zoomed out all the data tend to be clustered in a few large clusters
and when zooing in these clusters are disaggregated in smaller ciusténe point where the scale
is large enough to display each feature separatblg.method is furthedetailedand implemented in
Section3.3.5.4
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2.4.6 Dynamically Evolving Data

As mentioned inSection2.3.3.3 VGI is generated dynamicallyhroughthe coogration of a
multitude of usersilt is therefore constantly evolvirand changingoften in contrast tofficial data
thatare publisted and thenupdatel at regular time interval#s discussedurther in this section, the
dynamic evolution of th&GI contentcan be capitalised improve thequality of the datar generate

newinsights.

First, the cooperative nature of the process enablesneerful data correction process. Indeed,
errors are reported anthe data may beorrected constantlwherean acive user community has
developedIn this way, errors are fixedirectly and quickly by the userghere is no need to wait for
long update intervalg-his whole process isimilar tothe spirit of open source software development
summarized by the e n t @imen enouflh eyeballs, all bugs are shali¢lRaymond, 2000)in both
cases, the more usaproject hasthe quicker andhe moreefficient thedetection anaorrectionof
errors beconme Many commercial data provideie taking advantage of this VGI power dlow
users to reports erroiEigure 2.8). Another promising avenue the use of the citizens a&'eb
sensors(Craglia 2007; Gouveia, 2004; Gouveia and Fonseca, 2008se possible integration
methodslink up with the idea of the patchwork modelenvisionedby Goodchild (2007)and

mentioned irSection2.4.3

Citizen correction oGl is especially trudor Type 1 VGlthat is oljective. However it isless
relevantwhen dealing withType 2 VGlthat is subjectiveln this casethe dynamic naturef VGI
allows the possibilityto collect and sometimesonfront different of poirgt of view and record their
evolution over time in orderto understand the social complexity and dynamism of geographic
knowledge as articulated IBiwood (2009, p. 260)

AfUsersd modifications of digital dat a

informative source of insights about social and political negotiations

of meaningo
An example ofsuchinsight is the possibility to studythe relationsips of various place names
according tadifferent grougs of people(for instancelocalsandtouristsor young and old generatipn
and how the names and boundaries of places evatver time amongst and within these
communities In some casesthe waythe data areedited and modified careflect conflicts. For

instance, in a non spatial context, Wikipedia has developed algerithmdetect when there is a
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controversy on an article that is edited too frequently by the same pBepdetion of such conflicts
and facilitation of their resolution is an impartaasset of ype 2 VGI. In other casg the
confrontation of ideas can be facilitated by a systernoofiments and feedbaalsimplemented in
MapChat. In this context the numberof replies within a thread can be a good indicabbr
controversialor populartopics. Overall, depending on the application, th&ormation of the data
evolution can be used in different ways to help uBedsrelevant information.

2.4.7 Ethics and Privacy

Therespect oprivacyin the GIS fieldis acomplex andong standing issueutthis section focuses
on how mappingdata contributed by usersan lead to privacy concern8n obvious violation of
privacyis caused byhe identification of people d&cations and timeA well-known norVGI case
is Google StreeView that created concerns in several countries such as (&pbata, 2009)and
Switzerland(Bradley, 2009)In terns of VGI, the risk is especially important wiffype 3 VGlwhere
some applications may enalthe accesgo otheruses fncationsalthough theymay wantto share it
only with their friends. Other issues can arise due to ill intentionednoautious users whoreate
data that can harm other peopleprivacy such aspreviously private informationlike secret
indigenouslocations intended to be shared only with people in a spedfimmunity or social
relationships as in the case of the question&lidd site rdten neighbourwhere users cateave
reviews ontheir neighboursFinally, amore subtle issuis theindirect violation of privacythat can
occur withthe exposition of spatial relationshiggch as usadentifiedissueghat can decrease home

valuesand insurance costs

Answersto privacyquestionscanbe of alegal naturewhenthere isa privacy violation or libel kbt
institutional andtechnical solutiongan helpprevent suchmishaps First, it is important to increase
the public awareness on privacy issaesl its danger such as the cybercasing described in Section
2.3.3.3 (Friedland and Sommer, 2010Jhe recent advent of social network applications and
especially Facebook has contributed to raise the awareness on privacyliasieshe context of
geographical information thenareness has to levengreateranddeger as the locatiomomponent
of the datacanhave unsuspectexhdharmfulconsequencesr privacy (Honan, 2009)While raising
awareness on privacy, VGI applications have to ipletools to helpsafeguard andespect peopte s
privacy, such agransparenandeasyways of setting privacy parametergstricted accessystens of

user levels, and the possibililyreport abuse.
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For instancejn the context of Flickr,dcatingpictures ona map can lead to issues of privacy.

Indeed, a picture by itself might not be sensitive but the same picture located on a map can threaten

peopleds privacy. To tackle the i ss,omeforthel i
picture itself and a geoprivacy parameter for the piéukecation. It gives more flexibility to the
users to share their work while protecting their privafayother example of privacy protection tools
is the waymost location based network applicas@tlow users to manage their level of privacy with
an option to share their exact, an approximate, wronglocation,or no location at all.

2.5 Chapter Summary

This chaptefirst outlinedthehuman and technologictdctors thahavecontributel to the creation
of VGI andthe emergence of thessociated research fielth order to categorize the wide range of
VGI applications, &/Gl typology wasconstructecasedon a set of key characteristicEhree main
typesof VGI were identifiedalong a continuumFor theremainder of this thesishe focus was
placedon one typetermed Local Knowledge or Type 2 VGA review of theadvantagesand
challengesssociatedo this type of VGI has shown that itharacteristicsnake it a unique source of
data but also bring awemess ofeveral challenges that make its utilization difficult.

Among these challenges and possible solutitiiesyemainder of thithesisfocuseson evaluating
the potential of interactiveisualization techniques to deal withe issuesof information ovefoad

andextractionof meaning
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Chapter 3

Software Design

This chapter discusses the design of a prototype application built to evaluate geovisualization
techniques with regards to the challenges of information overload and meatrangjion Section3.1
presents the research field of geovisualizatromelation with these challengeBuilding upon the
discussion from the previous chapter, Section 3.2 disstiss generic needs and issues related to the
design of a prototype application thhuilds yon geovisualization techniques tmprowe the
browsing and visualization ofype 2VGI. Section 3.3 describes tlikvelopment othe prototype
including its generadrchitecture anthe implementation ahevisualization techniques.

For thedesign of theprototype applicationa generic structure dfype 2VGI data is considered.
Based orthe VGI framework presented in the previous chapter, such a structure can be represented
by two componentdrirst, a set of basic alplrmimericdatg namely the authorfahe contribution
(which could be anonymolsthe time (i.e. when the contribution was made), and a free form text
also referred to awxt note Seconda spatial featurdi.e. point, line or polygon) also referred to as
map annotation or user drawitizat is linked to the alphaumeric dataThe specific VGI data used

in the case study is described in Chapter 4

3.1 Geovisualization

Geovsualization is a powerful tool to examine and analyse datasets that are too large and too
complex to be studied directlyt exploits the mindaddnplexdréndslandd y t o ¢
relationshipsmore easilyin visual representatie{Dodge, McDerby, and Turng2008b) A range of

visual methods can be used at the various stages of a typical research project as pré3i@iase's

(1990) fiswoopy diagram Figure 3.1). When studying spaeelated concepts and data, the visual

power of maps can be used for different purposes during the various stages of the research process.
These uses, characterised MacEachren (1994)n Figure 3.2, can range from static maps

commonly used as a visual communication support for previously synthesised and chosen
information to interactive maps that can become tools to explore and enalygge and complex
datasetsyncoveing pattens and insights previously unknown. These two diagrams can be combined

to place the different map uses within the research process as preséingedes.2.
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The exploration and analysis of geographic data through map visualization has developed into an
established research field termed geographic visualization or geovisualization. This field draws upon
a broad range of domains including cartogramxploratory data analysis and computer graphics.
Geovisualization is defined liyodge et al. (2008a, p. ak:

nthe application of any graphic designe
understanding of things, concepts, conditions, processes or events in
the human worl do
More specifically, geovisualization involves data manipulation teclesiuch as attribute or spatial
data filtering, and data aggregation; visualization techniques such as coordimadtigde views
(Keim, Panse, and Sips, 2005; Roberts, 2005, 2008; Robinson, a8ddpteraction techniques that
allow users to navigate the information and to modify the cartographic representation of the data
(Roth, 2009)

VISUAL THINKINIS VISUAL
COMMUNICATION

Exploration
Confirma £0))

Synthesis

@

PRIVATE REALN! PUBLIC REALM

Source:DiBiase (1990)

Figure3.1: The swoopy diagram
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As presented in the previous chapthe usual lack of structure in the contribution process and the
potentially infinite number of contributors can caligpe 2VGI datasets to be very large and lead to
information overload. Moreoveifype 2VGI is hetengeneous due to its mutiuthored nature and
unstructured to leave enough freedom to the users which create complébhdatageovisualization
techniques that are useful to make sense of large and complex volumes of data appear to be
particularly relevat to deal with the visualization and explorationTgpe 2VGI. Furthermore, in the
context of Type 2VGI visualization, usersvill have no knowledgef the datacontributed by others
and what it could reveabut they can discover insights by exploringe tinformation through
interactive visualization tooldJdowever, geovisualization tools have been traditionally used with
scientific data whose natuaad use differ fronType 2VGI. Thus, some methods and practices need
to be adapted. For instance, thegaé¢o be accatble for a wide range of usermt only expertsand
they have to be used via the Internet instead of powerful workstations and they need to deal with
unstructured data. The following section discusses the generic needs related to tizatiosuaf

Type 2VGI and the geovisualization methods that can be used to meet them.
3.2 Generic Needs and Design Issues for the Visual Exploration of Type 2 VGI

3.2.1 User-friendly

As discussed in Chapter 2, VGI is by nature created by multiple individuals. iRudgduals can
have a wide range of skills since the new tools and techniques embed cartography and GIS expertise

that makes mamaking accessible to people without formal train{@podchild, 2008) Moreover,
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the users operate mainly over the Internet and are therefore usually dispersed geographically and
sometimes anonymolys As a result, except in a few cagg®erkins and Dodge, 2008; Tulloch,

2008) faceto-face trainhg is not possible and wdiased training presents important limitations
which restricts significantly thepportunitiesfor the users to learn complex new tofsdrienko et

al., 2002) As mentioned in SectioB.1, in PPGIS research, VGI creation can be motivated by the
empowerment of individuals that anearginalized from the regular mean of communications and

power,mostlikely possessingmited skills and access to technology.

For these various reasons, the visualization techniques employed to explore VGI must be easy to
understanduse,and interpretdr people with limited computer and GIS experiertdewever, it is
possible to complement eagyuse tools with more complex featui@sielsen,1993)but it has to be
done carefully not to harm the usability for novice users.

3.2.2 Web-based

As described in Chapter 2, the Web platform brings nmiwantages for PPGIS and V@Hirst, it

can broaden public participation as members of the public have wsical and time constraints to

use the software. They can participate when and where they want, provided that they have an Internet
connection(Carver, 2003; Sieber, 2006)he participation can be anonymous for people who are not
comfortable participatingn public meetings. Moreover, recent Weased tools areegerally user

friendly and they can be directly operated by users with relatively little skill.

A more technical advantage is the centralisation of the maintenance and the expdetisen#t
costs by limiting the need for expertmardware, andnaintenace since software and data upgrades
are done in onéocation As a result, it also helps to address unequal access to technology, a central

goal of some VGl initiatives.

The Web platform has become a standeag of contributing VGI ands on its way tdoecome the
standard way of using any software. It means that the contritarnssually disperseahd that the
overall dataseis constantly evolvingThus, to provide visualization tools for VGI that aecessible
from everywhergandpresenthe same content for all useasany time, it is necessary to use Web

based technology.

However, two important cautions should be noted. First, even though Web mapping applications

areincreasinglydemocratizedthey can still be difficult tampossible ér noncompuger savvy users
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to get started with. Even when introductory training sessions have been held, most people prefer to
participate in small group contexts because it is harder to take the timmigththe motivation to
participate from home oroyr own. Second, the Internet changes the potential audience. People using
the Internet are usually not the same as the people attending open (Mmrsétaaren and Waren
Kretzmar, 2006) Therefore, in order to broaden the participationisitstill important to keep
traditional means of communication for the data input as well as for the visualjzt@nas the
methods presented (#A\l-Kodmany, 2001) Howeer, these approaches are not approptiatdeal

with the visualization challenges related to information overloadbaosing so this thesis focuses

only on the Web and computbased approach.

On the technical side, using the Web to implement visualization features has important constraints.
Despite recent advances, the limited bandwidth and Web browser capataities the possibilities
to develop interactive visualization tools without using browser plugins or installing rich client on the
userds computer which significantIry the sotwaee t hei r
architecturesection.

3.2.3 Aggregating and Filtering Data

As discussed in Sectidh4.5 the collection ofType 2VGI leads to an overload of information for
several reasons. First, the overladdnformation can belue to thesheer volume of data. The idea
behind VGl is tobuild upon the power of masses. In ortiemaximize the amount of data collected,

the contribution process is usually open many userswith no limit usually imposed on the
contribution process. This leads to the creation of important amounts of data that are too large to be
browsed manually. Similarly, the contribution processially has only a very limited structure to
increasethe richnesof the resulting dataset3he information overload ishus worsened by the
heterogeneity of the contributiorls. terms of spatial data, it means that contributed drawings tend to
overlap and clutter in popular areas which significantly hisitee map eading and browsing-he

free form text may contain various semantic fields or levels of languages which can make the data
browsing very tedius; the format of the data naalso hamper the data browsingrFnstance
multiple geometry typesnay be used siultaneously and end up intertwined, reducing the map

legibility. Lengthy free form texs need to be read o a timeto makesense of the data

These issuesanbe mitigatedoy imposing more structuren the contribution process in specific

VGI project (e.g. ask the contributors to categorize the data, as discussed further below) However,
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is not alwaysadequatgas it limits the potential of thecontributions anaften these issuestill end up
ocaurring at different levelsionetheless Thereforemethodsto reduce the overload of information

and facilitate the data browsing have e employed The geovisualization field and traditional
cartographic principles offer several approache®tluce tke size of the dataseisualized and deal

with these challenges. Aggregation and filtering are the two general sets of approach that are
discussed below

3.2.3.1 Aggregation

A first set of methods consists in grouping, aggregating and assigning structure to the data in order
to provide summaries of the dgtaoberts, 2008)Complex knowledge discovery and data mining
techniques have been used to reveal structures and patterns in datasets. The discovered patterns can
then serve as a base for visualization. Secttvhand2.4.5discussed some of the advantages and
limitations of the first research works that have startddvestigate the use of automatic processing
techniques with VGI data. Howeveareating complex data mining algorithms weeyondthe scope
of the thesis and wabereforenot investigated further. Instead, geovisualization methods involving
limited compuer processing were investigated. Even though they must simplify the data, the
employed methods must allow the users to have access to the origindirdagg tinteractive drifl
down processsto avoid black box effestand keep a transparent process Wwhian be essential

when VGl is used in political and social contexts.

Concerning the spatial component of the data, seveditibnal cartographic methods that have
beenusedto reduce the information overload in magaking can be investigaté8locum, McMaster,
Kessler, and Howard, 2008&jxcept in cases of evident erroneous or abusive entries, the suppression
of data should not be used aggdes again the transparency principle mentioned abéltering
techniques presented below are an appropriate alternative to filter out data from the display. Dynamic
displacement technique can be used to spread out the overlapping features as impierGatgie
Earth for overlapping pictureslowever, ifthis approachs relatively easy to implement with point
data, it is significantly more complex to use with mujfies spatial data and has pmactical
implementationyet. Finally, inspired by classiaggregation techniques, numerous websites have
started toapply clustering methods of spatial contributions in proportional circle symbols in order to
speed up the display and improve the map legibilityfdesonstratedn the VisGets application
(Dork, Carpendale, Collins, and Williamson, 2008)e clustering is dynamically adjusted depending

on the scale at which the information is availableisTik particularly interesting as it enables the
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users to visualize different levels of aggregation or even to zo@mtmthe point where he/she sees
the original drawingsSection3.3.5.4presents in further detailfis aggregation techniquend its

implementation in thiMapChat Vizprototype

Concerning the free form text linked to the spatial component of the data, theskeyis the lack
of structure or metadata that prevents the grouping of, dagking it difficult to browse.
Traditionally, structured descriptions of the data through attributes or metadata are created by
professionals. In the context of VGI, this is lomger possible due to the huge and ewmereasing
amount of data generated by a multitude of authors. Type 2 VGI data can be categorized by using
various approaches. Various automatic methods can be used. The texts can be scanned directly by an
algorithm to determine the number of occurrences of each word in the overall datasets and then
generate a summary of the word used. More advanced natural language processing sitgoritien
used to get more detailed sumiraof the data.

The second approach e take advantage of the power of the contributors to categorize the data
and involve directly the authors andeus in the creation of metadatzarticularly categories. For
instance, the Websites Delicioubttp://www.delicious.con)/ and Flickr bttp:/Avww . flickr.com/)
have pioneered the utilisation of uspe ner at ed met adata by all owing us
Website bookmarks for the former and pictures for the latter. This method of creating metadata is
coined under the name of folksonomy refléccng t he Af ol ksd origin in thi:
(Mathes, 2004)A comprehensive review of the different folksonomy techniques and tHe&svis
presented irsmith (2008) Examples of approaches include leaving total freedom to the users to tag
the contentdynamically suggesting tags based on the tags already used in the collection or imposing
a fixed tagging structure that the users have to comply with (e.g. a set of predefined categories or a
hierarchical tagging structure). As discussed earlier, it Elanbe between freedom and richness and
structure. The adequate solution varies depending on the context of the VGI project. £8c®on
presents the taggingdenique employed for the case study. As discussed in the next section, the data

structure resulting from the categorization can be used for visualization purposes.
3.2.3.2 Filtering

A second way to reduce the information load is to filter out information thaitisefevant to the
users or in other words to enable the users to locate and retrieve task relevant subsets of information

(Roberts, 2008) This is usually achieved by usingitéractive filterig and gnamic queries
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techniques that enable the usersetduce the data displayedasubset of data he subset of data is
definedaccordingto the vaious dimensions of the datasét the case of generitype 2VGI data,
the standarddimensions are location, author, time, free text and the structure genérategh tlata
aggregatiorsuch as categories or clustéfhe change of the filter parameters mustifteractiveand
closelylinked with thedisplayto allow users to seenmediatelythe results andej insights on the
data as discussed in the next sectibhe filtering can also be enabl@d conjunctive form €.g.
boolean AND) taallow the users to filter the content accoglito several dimensions simultaneously
(Dork et al., 2008)

Spatial filtering can be achieved by considering only the area displayby enabling users to
select a custom area on the map with a bounding box or freehandRatsots, 2008)Free form
text canbe filtered by using classic word search that retrieve the data containing the searched words.
The data can also be filtered according to the other dimensions of the datasets sutima®thbe
author. Many websites provide examples of interactiveltims used to constrain the time range of
the data displaye(Dork et al.,2008; Roth and Ross, 200®inally, the aggregated views of the data
can also be used as a filter. For instance, users could select one or several categories to retrieve topic
relevant data. The prototype developed for the case study implements imeetexdtiand spatial filter
tools described in Sectid13.5.3

3.2.4 Extracting Meaning

As discussed in Chapter 2, tkemplex nature of Type 2VGI (i.e. multifaceted, heterogeneous,
gualitative and subjective) makes its utilization challenging. However, Chapter 2 also acknowledged
that data with these characteristics constitute a richness that needs to be exploited and transformed
into useful idormation rather than being simply stored and browsed occasionally. Furthermore, this
richness is even greater when looking at the dataset resulting from all of the contributions as it can
reveal relationships, patterns and insights that contributions serbvindividually cannot. As
mentioned in Sectior8.1, visual data exploratiomnd geovisualization techniqueare potential
avenues to meet theseexs and are investigated in this the3is extractmeaningirom the data, the

users must be able to visualirgeractivelythe multiple facets of the datae(g.raw contributions,

time, topics spatial repartition)) and their relationships warious brms

To achieve this goal, coordinated multiple views (CMV) techniques developed in the
geovisualization field are investigatédeim et al., 2005; Roberts, 2005, 2008; Robinsd0)2
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CMV techniques are used to build exploratory visualization environments that enable the users to
look at the data through multiple interactive views that are coordinated together. A view represents
one way of presenting the data. A view can haadous forms such as charts, tables, maps or
diagrams that can enable a variety of analytical capabi{i®@eberts, 2008)Applied to the case of
genericType 2VGI described earlier, two basic views are necessary to display the raw data, namely a
tabular view to display the free from text and other alpha numeric idataithor, time) and a map

view to display the spatial drawingmtributed. Beyond these two necessary views, several other
views can be implemented to deal with the specific challenges relalggded®VGI.

Building upon the aggregation methods presented in the previous section, two views can be
designed. First, todip users tambtainan overview of and insights on the content of the multiple
unstructured text contribution, the categories can be visualized with a chart view. One popular tool to
visualize categories on the Web is the tag cloud. An alternative igripke category list ordered by
the number of category occurrences. These two types of views are implementeMap@ieat Viz
prototype and are further discussedection3.3.5.5 Second, beyond facilitating the data browsing,
the dynamic spatial aggregation of the drawings can be used to provide a view of the heterogeneous
spatial repartition of the data at various scales and for various areas. This view is implemented in the
MapChat Viz prototype and isurther described in Sectid3.5.4

The other important components of CMV techniques are the user intesagithreach view and
thdr coordination. In this way, the user can look at data in one view and quickly find and analyze that
same data from another angle in another view. As a result, the user can identify relationfleps,
clusters and other patterns tlaae difficult to de¢ct otherwis€Robinson, 2009)Such interaction is
usually implemented through the combination of two techniques called linkingprarstiing, as
demonstrated by many geovisualization software such as CommonGIS, GeoDa, and(keioVet
al., 2005; Roberts, 2008Brushing is a quick and interactive selection process that lets the user select
an object in one view usually through either mouse over or mouse click; the selected object is
instantareously highlighted across all the other views through linking. The highlighting is typically
achieved bya changing the colour of the selected object across all the views. Other highlighting
methodsbased on depth of field modification or leader lines lmammplemented but they have yet to
be widely used(Robinson, 2006, 2009The MapChat Vizprototype implements some brushing and
linking techniques between the several views (i.e. map, text, tag cloud, tag list, and spatial cluster)

that are further described in Secti@rB8.5.2 Beyond the simple selection through brushing, the
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interactivefiltering technigues described in Sectidr2.3can also baised to select subsets of data
and highlight them across the different viewsallbws the user t@lay with the filter parameters and
seethe changesacross the several viewBor instance, thiapChat Vizprototype highlighd on the

map all the drawings related tselectedopic.

The next section describes the software architecture and software solutions that were chosen to
implement some of these techniques into a prototype designed to perform usability testing with a
crosssections of VGI users.

3.3 Software Architecture and Design
3.3.1 Goal and General Requirements

In order to provide an environment to evaluate some of these visualization techniques, a prototype
called MapChat Viz was developed. As such, MapChat Viz was not twesimpport the contribution

of VGI or to be a decision support application but it was designed astetest evaluate the relative
merits of several data browsing and visualization techniques which could ultirnatietplemented

in other collaborativenapping software that seeks to accumulate VGI.

Several of the geovisualization techniques presented agoveell as other innovative approaches
have been implemented in existing Web applications to aid spatial data exploration. However there
has beeminimal testingto provide evidence that these techniques are useful and usable for the users
and that their development is not simply guided by technical possibilities or individual developer
choices. Moreover, the implementations of the various technagespread across several software
applications that haveachbeen designed for specific purposes and users. These specific contexts of
use significantly influence the userso exper.i
makes evaluating andomparing tools challenging. To tackle these issues, MapChat Viz was
designed as a unified Webappingtool that bring together several of these existing VGI browsing

and visualization methods and enable users to test and compare them.

To achieve this gal, MapChatViz had to meet some general requirements. First, it had to be built
with aflexible development platform that permitteapid prototyping by integrating out of the box
features with customised tools. MapChat Viz requié¢eb mapping capabiligsto display generic
VGI such asusebs map annot afree @xt sotesouerda bhckgnokne dhase map or

imagery. To support the evaluation of the tools, MapChat Viz needed the ability to collect data on the
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usage of the features through software ggi ng as wel | as an interface

limits confounding effea by revealing different geovisualization tools progressively. Such an
interface also facilitated the use of the prototypecamjunction with a workshop script aral

guestionnaire o col |l ect usersd feedback.

Despite the fact that it was developed to be a prototype andegsMapChat Viz still focuses on
the participatory nature of VGI projeand, as such, targets various groups of users including a main
core castituted of small communitipased organisatisnfor which Type 2 VGI is particularly
interesting to publicize aspedtsat areneglected by official dataseas discussed in Chapter 1 and 2
This means that MapChat Vizad to be accessibfer organizations whicthave limited financial
resources and for users ranging from neophytes to exgettsus, facilitate the possibilities to reuse
and build upon the tools that were evaluafBaerefore, even though not a generic requirement to
visualize VGI, the decision was made to use free apén source software to enhance the
dissemination of the software and the public participatisrdescribed infurther details inthe

following section

3.3.2 Open Source Software

The pros and cons of open soustdtware (OSS) versus proprietary software have been extensively
reviewed in the computer science literature. Therefore, this section only gives a brief overview of the
reasons making OSS a relevant choice when wonkiitly communitybased organisations BD)

and PPGISo collectType 2VGlI.

The element that lies at the core of the OSS definition is the availability of the source code to the
public, which enables anyone to run, study, modify and distribute the source code freely. This
definition has many wviéations especially concerning the possible interaction between open source
and proprietary software. These different definitions are legally formalised by different licenses. A
comprehensive list can be found on the Open Source initiative WediitéA{ww.opensource.oryy/

A major consequence of the open source model is the availability of the software at no cost. It is
therefore an appealing alternative to proprietary software for CBOs who often lack financial resources
and cannot afford the cost ofgprietary GIS software. However, the price tag argument has to be
taken carefully as licensing costs are not the only costs of acquiring and deploying software. Indeed,
the total cost also includes the cost of training, maintenance, extra developmesuppod and is

usually referred to as total cost ownership (TCO). The comparison of TCO between open source and
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proprietary software has no simple answer and depends on the dbttlekt Pedersen, and Larsen,
2005) However, in the context of CBO, the low acquisition cost is essential to start experimenting

and slowly building capacity with volunteers or through partnerships with universities.

Open source does not just mefre access to the source codeost is only one of many
differences between OSS and proprietary software and it must not hide the other assets and
drawbacks of OSS. OSS has a different approach of the development procegsofit@tary
software. OSS applies a collaborative and transparent development process based on an open
community of developers. All the communications, discussions, and decisions made by the
community are public and the community is constituted based ait. mihis allows for reactive
software update and support as well as a good involvement of the users in the software design
process. Furthermore, the contributions to the software are initially peer reviewed and then checked
again by many developers agyhuse the code so it often provides software of better quality and
higher reliability Another important point for CBO with limited technical resources is the level of
support and documentation that is available. Open Source has long been considdmd) ttw hike
hacker realm by offering poor support, documentation and usa@ilichols and Twidale, 2003)
However, as an open source projectdmes popular and reaches a certain level of maturity, its
community gets bigger and often includes proprietary software linkages and investments. The
documentation and usability then become on par with the proprietary software, and commercial
support andraining become available through a service oriented business model. Furthermore, the
spirit of transparency, collaboration and participation of open source communities align well with the
ideas of VGI and transparent planning processes carried by some CB@refore creates a synergy
that can facilitate and encourage the CBO spirit of motivation and coope(stmrnoSanchez,
Anderson, Cruzand Hayden, 2007)

Thanks to their low cost, their transparency, and accessibility, OSS constitutes a viable and
sustainable solution for CBOs. Indeed, with the help of the researchers, they can build local capacity
to take over eventually the control tfe software. This would be difficult, if not impossible with
proprietary software due to the prbhi t i ve | i ¢c e ns ec hcuo(¥heatby,n2004)A v e nd o |
However, there are two important cautions for CBOBOs must use mature OSS to avoid trouble
such as the lack of documentation and poor usability. Moreover, IT staff or volunteers have to be
highly motivatedand be able to make their own wayadihgh the documentation to start. Thus, the

team must contain at leastogal champion or a small core group of motivated people.
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The following sections described how various open source tools were used together to implement

and evaluate some of the vadization techniques discussed in SecBdh

3.3.3 General Architecture

For the reasondiscussedn Section3.2.2and 3.3.2 MapChat Viz was developed asVeb-based
applicationusing open source componengstypical Web application consistsf threemain parts,
namelya cliert tier, a server tier and a data ti€his type of architecture iequired beause of the
technical aspectsf the developmentn the Internet (communication between a server and a client
over the Internet network) and also because the developmagiptitatiors in severaltiersis a
longstamnling software design practice éase the development and the maintenance of the saftware
This section provides an overview of the role of each tidrthe communication between them with
the overall architecture representedrigure3.3. The details of the technological choices for each tier
are further detaileth the next section.

SQLJDBC——» x{‘; GeoServer [«HTTP/WFS-T

S, Apache

PHP PgSQL——» Web Server | HTTP——— |

dl
!
!
!
>
!
!
1!
!

|
“““““ >l ::QOpenLayersl
I

Background Imagery
Data——»<————Server > Client >

Figure3.3: MapChat Viz architecture

The data tiehandles the storage and management of the data used by the application. Two main
datasets need to be handled to visualize VGI. Rivety Gl data itself that consists of a vector spatial
feature (.e.the user drawing(s)) and a set of attributes including at least a text, a user id or name and
the time at which the contribution was made, and optionally a set of categories. Depentfiag on
specificity of the VGI project, other information related to the main data may be stored. The data tier
must also be able to handle evolving and concurrently accessed data if the contribution process stays
open while the data is being visualized ohdler to manage dynamic and relational data, the solution
widely used in many industries is to use a relational database system (RDBMS). In the case of VG,

the database requirespatial extensiom order to be able to easily manage the spatial compaoen
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the dataBesides the user drawingbe application needs to supply background dafardeidethe

users with thegeographic context and helpemsituate th& drawings.This can be done either in

many ways with vector data or imagery. TapChat Mz prototype uses$magery datathat are

stored and served by Google aa@ simply requested by the client to besplayedwith the VGI.

This method was chosen for its convenience of use as it provides a global coverage of imagery
without having to managand publish the imagery data, but in specific cases it may be preferable to
use other data sources.

The server tier comprises a Web server and a mapping server. The Web server is in charge of
publishing the HTML pages and executing Hypertext PreprocéB$ti?) scripts. Based on AJAX
programming practice@viahemoff, 2006)the application consists of one Web page that is published
and loaded only once when the user first connect to the URL of the Web site. Once the page is
loaded, most of the user interactions are directly handled by the JavaScript code loaded on the client
side. On some occasions, when the client tier needs to wriezgjoest some data from the server, it
issues an AJAX request that is handled by a PHP script on the server side. The PHP script processes
the request and issues the adequate Structured Query Language (SQL) queries to write or retrieve data
from the databse. It then returns the data or the result of the operation to the client side. For instance,
some PHP scripts handle tasks such as the verification of the login/password, the processing of
requests made tpopulatesome of the views with the content regigel by the usere(g. the tag

cloud), or writingthe logs of user actionén the database

The mapping server handles the requests related to the spatial component of the VGI data which
consists essentially of publishing the spatial features so thatatieeglisplayed by the client tier.
There are two main optiorie publishthe VGI data.The data can be publish in an image format (
jpeg or png) that is then simply displayed by the browser or in a vector formatdhed the actual
geometries as kst of vertex coordinates as well as the related attribUies.image format is easier
to handle by the browser as it is displayed as a regular image. However, for any interaction with the
map, the browser needs to request new data from server whiclmacaper the fluidity and
interactivity of the user interactioW.ector format is heavier to handle for the browser but it enables
more interactivity as each feature can be accessed directly without issuing a new request to the server.

Given the high levelfanteractivity required by the visualization techniques discussed in S&:#on

the usersd6 drawings are displayed in vector form
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The vector data are traesfed over the network by using tideb Feature ServicEransactional
(WFST) interface. The WFS specification is a standard interface to request and return geographic
features over the Web. WHSis an enhanced version of WFS adding the transactionabdupgat
allows users to write and edit geographic data. Writing and editing spatial features are necessary in
MapChat Viz to get feedback from the workshop participants as described in Se8tibrThese
standards are specified by the Open Geospatial Consortium (OGC) which is a consortium of
companies, governmental agencies and universities which work together to enable spatial information
and systems interopeiility through the creation of common standards. The WFS interface can be
used in combination witbeography Markup Language (GMivhichis an XML grammar defined
by theOGCto express geographical featureowever, a growing popular alternative to GMLthe
GeoJSON, which is based on the JavaScript Object Notation (JSON) format. GeoJSON is much
lighter than GML and is therefore faster for the transfer of data and easier to develop with as it uses
JavaScript syntax used by the client tier. Thus, MapChauses WFS interface with GeoJSON to

transfer spatial data between the server and client tiers.

The client tier handles the User Interface (Ul) of the applicati®rwell asmost of the core
functions The inclusion of core functions on the client sidéher than the server side, which has
typically more computing capabilities, is a general trend in the development of recent Web
applications. This avoids sending data back and forth between the client and the server in order to
improve the interactivityof applicatiors. However this practice has to be used carefully not to
overload therelatively limited proeessing capacity of the browser. As mentioned earlier, the
communication between the client and the server is done through asynchronous requetiitg) &oco
the technique of AJAX programminfMahemoff, 2006) This improves the interactivity of the
application by updating part dhe pages without reloading the entire page visible on the user
browser. The client side is built with several JavaScript code libraries that are described in the next
section along with the software solutions chosen for the other two tiers of the amplicat

3.3.4 Technical Choices

3.3.4.1 Evaluation Criteria

As shown by the comprehensive lists on the Websites opensourcegis.org and freegis.org, there are
many open source GIS (OSGIS) projects under development. It can therefore be difficult to find the

ones that meet particular neeBamsey (2007provides a good, albeit somewhat dated, overview of
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the OSGIS communityits structureand its most prominent solutiomisat gives agood idea of the
possibilities offered by OSGIFHowever, in order to evaluate more precisely the different OSGIS
projects and choose suitable solutions to develop the MapChat Viz protatgee,three types of

criteria need to be elaboratékhe first type considersvhether the solution is open source or not, for
instance, feature richness and performai¢ang and Wang, 2001 he second type afriterion is

related to the maturity and vitality of an open source project. These aspects have direct consequences
for the level of support and documentation quality. Finally, criteria related to the specificities of the
context in which the applications being developed must be considered, for instance the
interoperability with existing data or the existing programming expertise.

In the context of the development of MapChat Viz the following general constraints can be
identified. MapChat Viz was dev@bed as an experimental tdsd within a short time frame and
with limited resources, therefore the development had to be rapid and relatively easy. As such, it had
to build upon solutions that had significant features ready to use. In terms of open rebated
criteria, software with an active user and developer community were chosen in order to benefit from
the communityprovided support and documentation. The importance of these criteria enriched by

considerations on the context specific criteridgseloped in the following sections for each tier.
3.3.4.2 Database Tier

The database tier of MapChat Viz had one main requirement which was to possess spatial capabilities
in order to store spatial features and to perform spatial queries and processing. Gigendtnaint,

the choice was mainly limited to two database software projects, namely PostgreSQL with PostGIS
and MySQL with MySQL Spatial, as these are the two main open source databases that have a spatial
extensionChen and Xie, 2008)

MySQL and PostgreSQL are two renowned and widely used database software p@tkesgpbar,
2007) However, their spatial extensions have different levels of quality. PostGIS is more mature and
featurerich than MySQL SpatigiChen and Xie, 2008; Ramsey, 2008loreover, it is supported as a
standard backend by most open source GIS projects, which significantly simplifies/éhepdeent
of the whole application. Besides, the case study data were stored in PostgreSQL/PostGIS, so it was
easier to use the same software to maintain consistency and avoid potential problems of data
compatibility and interoperability. Thus, using Pos§QL/PostGIS for the database tier was the
most appropriate choice. Technical details on PostGIS are providelddnyand Xie (2008)
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3.3.4.3 Server Tier

The server tier consists of two pieces of software, specifically a Web server and a map server. The
overall requirements on the server side of the application are rather simple as most of the application
is located on the cliergide to give a fast and interactive experience to the users. The industry
standard open source Web server Apatibeeler, 2007as chosen to generate the HTML pages

and execute the PHP scripts. Concerriireymapserver it had to be able teeadand writePostGIS

tables according to WFS queries, ando publish the data in a GeoJSON forrtiadt is used by the

client side softwareThe possibility to set up the server easily through a Graphic User Interface (GUI)
would be an asset to shorten the learning curve as advanced manual configuration and optimisation
are notneeded. In this contexGeoServer was chosen over other alternatives such as MapServer,
MapGuide Open Source or FeatureServer because of its ease of use and configuration through a Web
based GUI and its direct and easy support of WFRSd GeoJSONDoyon and McKenna, 2009;
Quadro, 2007)

3.3.4.4 Client Tier

The client tier handles the Ul and most of the core functiomMdapfChat Viz. Since the tool focuses
on the abilities for the users to browse and visualize the map data, the client tier is one of the most
important aspects of the application.

In order to avoid developing from scratch and reinventing the wheel, a Wghingaapplication
typically uses code libraries also called an Application Programming Interface (API). An API
provides the developer with a library of functions to implement basic operations. As a result,
developers can focus their effort on the develapneé the customized parts of the application. For
Web mapping applications, two code libraries are typically required as foundations. First, a regular
JavaScript API is needed to provide utilities such as programmable components for the Ul and
functions b handle Ajax requests. Second, a mapping APl is required to provide features such as map
navigation tools or the display of geographic layers from various sources and forodgdibtaries
can provide a more or less extensive set of features rangmgbfsic functions to advanced out of
the box features. The libraries providing only basic functions permit development of customized and
optimized applications, but more time and resources are required to develop an entire application.
More complete libraes can be heavier to run and come with some visual inheritance but they enable

a quicker development. In the context of MapChat Viz, which is built as a prototype with relatively
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limited development time and resources, it was preferable to opt for saltliat provided prbuilt
functions and have an active community that provides support through documentation and online

communication (e.g. code examples, mailing lists).

OpenLayers was selected as the Web mapping API because it has become a leadingropen
project in this domain with mangapabilities documentation including hands examples, and a
strong user community backed up by compaffiehaub, 2009)Whereas other projects such as Ka
map, Chameleon, MapBuilder have progressively slowed down their development or in some cases
stopped altogethdOttens, 2008)The popular and widespread Google Map APl may be seen at first
hand to be an appropriate choice for this task, however even though Google Map API is free it is not
open source. Hence, it is not as flexible and extena®l@penLayers and it has constraining terms of
use. It is therefore not a useful alternative. OpenLayers has many functions to handle the required
mapping aspects of the application. However, it only comes with basic Ul components to let the
developers abose how they want to develop it.

Many JavaScript frameworks such as jQuery, Prototype and ExtJS can be used to develop the UL.
From an assessment of the possibilities, ExtJS was found to have several advantages in the context of
MapChat Viz. Specifically, ExtJS offers numerous out oflib& controls and components such as
grids, tabs, windows. Moreover, ExtJS has been integrated with OpenLayers by the project GeoExt to
provide mapping Ul components such as map panels and toolbars. The MapFish Client project
encompasses the GeoExt compdagiseeFigure 3.4) into a framework that allows developers to
create basic Web mapping applications quickly. Thus, the MapFish Client framework served as a
base forthe development oMapChatViz on top of which customized ExtJS and OpenlLayers

components were developed to implement the custom features presented in the following section.

To give a completepicture, it can be noted thaFlash often usedto develop welbased
visualizatiors, was not deemed asuitable solution for this work Although it can have some
advantages to develop interactiveauid animationg-lashhas several documented disadvantdges
developng websites (e.g. the requirement fa plugin to be installed in the brows@nddueto the
proprietary nature dflash open sourceevelopmenframework and mapping ARbr Flashare rare

andrudimentarywhich goes against the requirements mentioned earlier.
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MapFish T\

‘Geokxt & Geobd

MapFish Client

Source:Moullet (2009)

Figure3.4: MapFish Client structure
3.3.5 Implementation of the Prototype Software
3.3.5.1 Browsing of Geographical and Attribute Data

As discussed in Sectiadh2.4 two fundamental views are necessary to visualize the -aipmeric

and spatalamponents of the raw VGI dat a. The spatial
annotations) plays a central role in the visualization of the-gesegrated data as it provides the
context to interpret the information contributed by the user. Moreover, itgaiildies have shown

that Web mapping applications that have a large area dedicated to the map are mo(&livatdyle
Brewster, and Sarjakoski, 2008; Skarlatidou and Haklay, 2006)s, the map view is the central
aspect of the prototype and takes by default a large of part of the display as strogure3.5. As
mentioned in SectioB.3.1 the geographical data consist of two layers including a rasterroackt
image which is pulled from Google maps and a vector layer represersggagenerated drawings

(e.g. the VGI used in the case study is in yelloWigure3.5). The basic browsing of the map is done
with tools present in most Web mapping applications, including zoom to full extent, zoom out, zoom

in using a bounding bgyan, previous views, and next views (Bégire3.6).

As discussed in Sectioh.4 and 3.2.3 one of the issues with VGI is that geographical data can
overlap and obscure other data elements when twwepeople make some annotations on slightly
different areas. Thus, to help idiéyn the drawings on the map, a drawing is highlighted in blue when
the mouse is paused over it. In this way, it is easier to identify the outline of each drawing even in
cluttered areadn addition, the drawings are ordered by feature type with the @atybeing drawn
first, followed by the lines and the points. Despite this organization some large polygons can hide
other smaller polygons. Thus, the polygons are displayed according to their area with the largest ones
drawn first and finishing with the safiest at the top. In this way, all polygons are at least partly
visible. Finally, when clicking on one of the drawings, it is displayed on top of all the other drawings
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in a dark blue color. Hence, the full outline and shape of any drawing can be s¢@etelgnaven if

it is only partly visible in the default display.

SECTION: 1 Username: test

‘Taskl: Using the map display, find 3 map drawings that are near a river
‘Task2: Using the comment grid, find 3 comments related to trails, Pt ty[@arcune]

Go to the next section  Go to section Help

Figure3.5: Map view

Q@ QalE 4 »

Figure3.6: Navigation tool bar

As mentioned irthe introduction ofChapter 3, the generic attribute data consists of a text note and
a set of attributes. The basic browsing of the attribute data is done with si¢abtbat displays the
text notes along withthe attributes(seeFigure 3.7). Forinstancein the case study, thtext note and
the uselD of the contributomvere displayeds well as a@ontributionID usedto provide a reference
to the users when thgrototype isusedin a testing settingith a questionnairdn the effort to make a
progressive and adaptive interface, the users can easily reveal and hide the tabular view on the left of

the screen as well as adjust its size.
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[user14]: This part of the Malkow look-out trai *
s

10 longer to be used by the public. & has.
been replaced by “new traif” with parking lot
down McCabe Rd

[user24]: This area is an mportant
connectivity area between two CL Widife
Habitat Management Areas and the forest
cover is important to maintain. Also value in
connecting for public trails between

[user7] Here is the bike park

[user24] This is a piece of

[Reply by user24]This is a piece of Crown
Land, currently designated as a Wiklife Habitat
Management Area. |t has very nice network of
trais, a scenic bokout and two lakes.
Currently i has no public access. Under S 757
Lands Ttle Act all lakes

[user24]: This lake coukd be an important
feature to add to Wikdife Habtat Wanagement
Area n future, pariicularly in the area between
lake and the WHMA, At the least, any future
residentil or agricuttural development shouid
‘maintain the habitat and connectivity between
lake and the WHMA and be done wih
sensiivty.

[usert3}: Monckton Road okd growth forest
[Reply by usert3]:Tis forest is over 300
years okd and has many features found only in
oid growth forests. There are very few
old-growth forests in the Bukiey Vally.

[user12} Toboggan Creek Rd (aka Sivern
Lakes Trai). Used by both motorized and
non-motorized users to access Sivern Lakes
area

[Reply by user20]:my comments regarding
the hauling road on the western side of
Toboggan Creek road highiighted the mine road
access, rather than the roadfrailto Sivern
Lakes. The hauing road will begin at the base
of the mine access road.

fuser7]: This park is called Dogwood Park tis
the only park to have a basketball blacktop and
is very well used.

fusers0] This asset s caled * Groves of gant
cottonwoods (here and closer to Tekwa),
partly on Crown land, partly on private (mine)
= This asset s used by the communiy for
Birdwatching, wildiife habiat. ® has been an
asset for More than ten years. This asset is

SECTION: 1
‘Taskl: Using the map display, find 3 map drawings that are near a iver.
Task2: Using the comment gnd, find 3 comments related to trails.

Figure3.7: Tabular attribute view

3.3.5.2 Linkages Between Geographical and Attribute Data

In addition to browsing the attribute data and geographical data, it is essential for users to be able to
reference the text notes and their linked drawings as seamlessly as possible. As discussed in Section
3.2.4 this aspect of the softwaie developed with techniqueésom coordinated multiple views
research(Keim et al., 2005; Roberts, @5, 2008; Robinson, 2009)o link the comment list to the

map, the brushing and linking techniques described in Seci@4were usedWhen a user moves

the mouse cursor over a text note, the linked drawing is automatically highlighted on the map. This

allows for very quick browsing of the text notes with an instacalisation of the related drawing. To

compl

a drawing. When clicking on a comment, the map is centered and zoomed onto the related drawing(s).
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STEP: 1 Username: test
Task: Find 5 features located nearby the lake Kathlyn. 5
Task: Find 3 coruoents related to hiking and Iocate thera on the raap. Fanded by

{1
“ '@\\@\@" d » Gotothenextstep = Gotostep v | Help

Browsing

Comments

121 [user50] 1 Yes; 2 Gas pipeline tote trail from |
Chapman Road o Telkwa River, 3 For foot and
ATY access to Telkwa River bank; 4 More than
ten; 511 1o 20, at a guess; 6 Once; 7 Somewhat
important (there is no other easy access to the
lower left bank of the Telkwa), & Yes, they flatten
the vegetation through use; 9 Yes
[Reply by user52] | would the say the pipeline
has a far more important asset as gas
transportation unit than  trail. While a trail s &
‘secondary use.

1

]
N

[user50] 1 Yes; 2 Escarpment cliffs; 3 As
vigwpoints and hiking and sking routes; Also a
geomarphic and botanic curiosity; 4 More than 10;
51110 20; 6 Once; 7 (Potentially) very importart,
because f connects the settled areas with the
logging road system farther west; 8 No; 9 Yes

123 [usert] This is a section of private land that
breaks the continuty of public access around lake.
If an opportunity occurs in future (rezoning, sale,
covenant etc) to add this as public, or a right of
way, it would greatly enhance use of park for
public.

124 [user50] 1 Yes; 2 Natural meadows; 3 Natural
history (to view, for example, amazing displays of
penstemon; 4 More than ten; 5 21 to 100; 66 or
more; 7 Somewhat important; & No; 9 Yes

125 [user50] 1 Yes. 2 Viewpoint (eyesore for people
looking at it from Tatlow Road); 3 Peaple ciimb to
top and look out; 4 More than 10; 5 Unknown; 6
Once; 7 Not important as viewpoint but importart
as eyesore; 8 No; 9 Yes

126 [userT]: Marshiand as a stormuater detention
area developed with Ducks Unlimited. Bird
watching? There is a trail but not sure if anyone
uses it

[user13]: Seymour Lake main inlet area. This is J

]
)

where the loans nest, where all the beaver dams
are and other widife. | am concerned that
development, runoff

[Reply by user13] polition etc will damage the
wildest corner of the lake.

1

]
B

[userT]: Good biking trail, but very steep
[Reply by user4]: Perhaps neds signage is
needed to alert hikers to the presence of mountain
bikers with little capacity for braking.

[Reply by userT]: Perhaps signage is nesded to
alert both user groups of correct conduct

[Reply by user4]: Good idea. But who has y -
responsibilty for signage for this feature anyway? | [CH 9 Digital ovife -t BritistColumbia, Ge ©2009 Tele Atlas - Terms of Use

Figure3.8: Linking and brushing

To display thetext noteassociated with a mapped drawing, a-pppwindow, also called an info
window, appears when the user clicks the mouse on a drawing. The use otia womowis a
longstanding desktop GIS feature and it is now widespread in Web mapping applications due to its
ease of us€Sheesley, 2009)n MapChat Vg, the popup contains the text note related to a drawing
as well as its feature ID and tagafures as described in Secti@®3.5.5 A brushing and linking
technique could also have been implemented to establish a linkage from the drawings to the
comments as explained above to make the link from the comments to the drawings. It would make the

software more consistent, however, this feature was not implemented|ddle o6 time.
3.3.5.3 Interactive Data Filtering

As mentioned in SectioB.2.3 a simple display of the data along with basic browsing features is not
sufficient to ensure an efficient data exploration and deal with information overload that occur when

collecting VGI. hteractive filters allow users to constrain temporarily the data that are displayed
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(Roberts, 2008)In MapChat Viz, dynamic queriesre employed to allow users to filter the data

display interactively based on attribute selections or geographical queries.

__Browsing Clustering Theme

Filters
Spatial filter: [7] Turn on/off
Text filter: type in aword pe)
—CoTrTTeTIS

2  [user50] This asset is called " Hunaker Springs ".
This asset is used by the community for Many

Figure3.9: Text and Spatial filter

Attribute-based filtering can be done ind@dChat Viz using a simple textbox in which users enter a
string to search within the text notes. When a user enters a word in the search box, the tabular view is
refreshed to display only the text notes which include this string. The search functiooastyiat
implement more advanced features such as separate words, metaphone algorithm or logical
connectors. This interactive filtering is combined with linking methods by automatically selecting and
highlighting the drawings related to the filtered textaso

Text notes and drawings can also be filtered spatially. While spatial filtering can be performed in
different ways such as a bounding box, freehand lasso, line or line (Btabkrts, 2008)only the
bounding box approach is used in MapChat Viz. When the spatial filter is activated, the contribution
list displays only the text notes related to the drawings contained in the amatlgwiewed. This
method was chosen for its simplicity of use and development. Another option could be to allow the

user to draw their own polygon, however this was not implemented.

In accordance with the generic needs expressed in S&fidhthetwo filters can be activated at
the same time to work in a conjunctive way. If so, the table content is filtered according to both the
spatial and the text filtefTherefore, a user is able to find all the text notes containing the word

relevant to him in a given area.
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3.3.5.4 Spatial Aggregation and Visualization of Spatial Repartition

As discussed in Sectidh2.3 high concentrations of VGI can occur in some areas of the map which
cause the data to appear cluttered and make the data browsing difficult. Furthermore, an unequal
spatial repartition of VGI can give insights on the cimtied dataalthough it has to be interpreted
carefully. For instance, it can reveal areas that are of particular interest for a combutnittycan

also reveal$mbalances in the outreach and recruitment of the participait€an simply be due to
artefacts in the data such as thuplicationof similar contributionsHowever, a spatial repartition can

be hard to visualise and quantify due to visual artefacts such as clutters of features or several large
imposing polygons. To easéet browsing of cluttered areas and the visualization of the spatial
repartition, a dynamic data clustering feature is implemented in MapChat Viz and described below.

The first clustering methods to appear in Web mapping applications were motivated ficaiech
reasons since map displays can be slowed significantly by the presence of numerous features.
Clustering methods permit the number of features on the screen to be reduced and therefore speed up
the display. The two main methods to cluster or aggrapatelata are grid-based methodral a
distancebased method. In thgrid-based method, the map is divided into squares and if the number
of features in a square exceeds a threshold the features are clustered together. This technique has
several limitatims. Indeed, two features can be really close but in different squares or two features
can be far apart but in the same squaresKepae 3.10). In the distancébased method, the features
are clustered if their distance from each other is inferior to a clustering threshold. Considering the
limitations of the grid-based method and the fact that the distdoaeed method is already

implemented in OpenLay®, the distance based method was used.
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Figure3.10: Comparison of the squabmsed and distand®sed method
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The clusteringeature was implemented by usitige programming class provided by OpenLayers.
As such, he clustering was performed by looping throwajhthe spatial features in thmap (all
feature types includedlor each feature, the center of fieaturebounding boxs usedto calculate
the dstancefrom the feature teach ofthe other featuresand clusters as they get creatédh feature
is within a distance threshold (chosas a parameter) of another featareexisting clustera cluster
is createdr the feature is added to the existing clusk&e clustering is obtained once the algorithm
has looped throughll the featuresThis approach providegood performanceandthe clustering is
performed almost instantaneousijth a couple hundred featurddoweverit has some limitations
thatcan results inmpreciserepresentations. Aluster is locateat the center of the bounding box of
the first featurghat constitued it and notat the average centroid of all the aggregdéadures and
also,the order in which the featis@re clusterectan changdérom onemap view to anothewhich
canconsequently chandbe clustering representatiand can be confusing for the user

Another important aspect of the clustering method is the representation of the clusters. Their
representation draws upon the classic cartographic principles developed on proportional symbol
mapping(Slocum, McMaster, Kessler, and Howard, 2008i)e clusters are represented by point
symbols sized accordingly to the number of features aggregatedFigee 3.12). The size
calculation follows prceptual scalingules thattake into accouna correction factorfor the visual
underestimation of larger symbas opposed to mathematical scaling that sizes the $ymtwect

proportion to the dat¢Slocum et al., 2008b)

Figure3.11: Clusterirg symbols

74



Instead of using a legend that can be hard to read, the number of features aggregated in a given
symbol is directly written in its centre. In addition to the size variable, a three colour scheme can
optionally be added to the cluster symbolisati®ee Figure 3.11). The clusterdistancevaries
dynamically with the scale of the map displayed. In this way, the clusters are slowly disaggregated
when zooming into an area or aggregated together when zoamindn addition, the clustering
threshold distance can be adjusted by the wgiinsa slider (sedigure3.12) to adapt the clustering
to the dataset being visusdid and to study different levels of detail for a given scale. Finally, some
data browsing features are adapted to the cluster representation, where a pagip@igep access
to each comment contained in a cluster (Seere 3.14) and brushing on a comment highlights the
cluster that contains the related drawing.
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Figure3.12 Example of data clustering in Map&ihViz

At the topthe raw data are representétithe bottomthe data are clustered in proportional point
symbols sized and coloured according to the number of features aggregated
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3.3.5.5 Tag-based Visualization

As discussed in Sectidh2.3 several approaches exist to categorize VGI data and it belongs to
each VGI project to choose the one that is the most appropriate in their specific cimtextterest
in the tagging system, besides the fact that it allows data to be categorized, is how and how well it can
permit the visualization of data categories in a priori-categorized data. There are several ways to
visualize tagged datg@mith, 2008) Two of them were implemented MapChatViz. The first is a
simple tag list that displays tag names and their relative tag.chumtag names are displayed sorted
in the decreasing tag count order. It provides quantitative information. The second one is a tag cloud.
Tag clouds are popular on the Internet and can be seen on many blogs as a quick way to show the
blog content. Adg cloud displays the tag names like a tag list, however, the tags are in alphabetical
order and the tag count is represented by the font size of each tag name. It still provides qualitative
information but gives more importance at the impact of the visyakession on the users.

The tag list and tag cloud were used in combination with the linking and brushing methods, and
interactive filtering techniques. Indeed, the tag list and cloud are automatically refreshed after a map
move to reflect the tag namadatag count contained in the area being viewed. Moreover, when a
user moves the mouse over one of the tag names, all the drawings which are tagged with this tag are
highlighted in blue on the map (sEigure3.13).

MapChat Viz capitalizes on data classification andsipetialclustering to offer another method to
analyse data classification. When the clustering is activated, a left click on a cluster displays, beside
a popup, a pie chart graph representing the proportiothefnumber of timegach taghas been
applied on the data containedthre selected cluster (s€&gure 3.14). In this way the user gets an
overviewof thetagrepartition within a clusteiSome experiments were also done with using the pie
chart as an icon dictly on the map. Howevertime constraird prevented from properly

implementing itand testing it in the case study.
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STEP: 4 Username: user]
Task7: By usingall the tools provided by the software, identify 3 areas related ta the topic of your [®acour]
choice that you wor onitize for p i FPanded by (26

. ‘YA 4 (22D )t Gotostep v | Help
Browsing | Clustering | Theme P ropa
Tag list +
Tag cloud -

access access_needed change suggested cultural feature
drawing_error environmental_feature few sax
future_feature historical_recreational_feature 1ssue_raised
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not_important not_maintained no_user
protection_needed protection not_needed
wanres TeCreational feature
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Pl | »| 0 ©2003 Tele Atias

Note: the tag cloud is refreshed according to the spatial extent being dispfaltbd useisb r us hi ng

Figure3.13: Tag cloud

STEP: 4 Username: user]
‘Task?: By using all the tools provided by the software, identifyy 3 areas related to the topic of your
choice that you for d Exaadny

L 2B Sotothe next ep | Gotostep v | Help

Browsing || Clustering || Theme

ey = Comments #145
Symbolization: O Basic  © Number @ Colour 2 B [user20]: T have concerns about the hauling road along the western border of Toboggan
X Creek road and the intention to at least cross this road/trail

——————ji [Reply by userl2]: These points as drawn are not near Toboggan Cr. Are they in the right
Clustering distance: 7.64 km e B8 place?
Aggregation -

Tags on this comment: issue_raised recreational_feature trail
Turn clustering on

<< Prev 5 of 12 Next >>

Pie chart representing the tags contained in this cl

resource:

Figure3.14: Paging popup and the pie chart
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3.3.5.6 Evaluation Tools

MapChat Viz implements several tools to support the primary goals of experimentation and
evaluation of the visualization features presented in Se&i8rl First, in order to be used in
combination with questionnaires during workshops, the MapChat Viz interface can optionally be built
in a stepwise manner by addinnew pieces as the user goes throagtvorkshop script and
guestionnaire. In this way, the participant attention is focused on evaluating one feature at a time
which limits confounding factors and makes the results easier to interpret and compare fum@rone

to another. Moreover, participants get to learn how to use the software progressively without being
overwhelmed at the start.

The second tool implemented to use MapChat Viz as éeéskis the continuous logging of the
user interactions with the favare in a database to provide the researchers a source of information
complementary to the questionnaire answeéne list of all the events captured along with the details
stored on each action is detailedlable3.1.

The next section presents how this evaluation tools were used in a case study.
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Events Recorded

Data Stored

Section change

Next (to go the following section) or Go to (to
directly to a section)

Tab change

The name of the tab becoming active: browsi
aggregation or theme

Map moves

The zoom level and the map extent at the eng
each map moves (pan or zoom)

West Panel opening or closing

Expand or Collapse

Pop up opening Feature Id
Zoom tofrom a comment to a feature Feature Id
Mouse over a comment in the grid Feature Id

Text filter

The keyword used for the search

Spatial filter activation

Activation or deactivation

Drawing

Zoom level and Geometry Id

Clustering

Activation or deactivatio

Moving the clustering slider

The new clustering distance

Cluster symbology change

Symbology name: basic, colour or number

Paging through the pegp

Next or previous page

Tag cloud display

Collapse or expand

Tag list display

Collapse or expand

Mouseover a tag

Tag name

Table3.1: Logged events and the related stored data

3.4 Chapter summary

Chapter3 has presented thdesignof the MapChat Viz prototype softwatéirst, the generic needs
andgeneral concdp underlying the softwardevelopment werexamined These needs and concepts
guidedthe practical development of the prototype software weesentedincluding the technical
choices that were made, the general software architecture aintpbteenentation of the visualization
tools The next chapter describdse designof the case study that waarriedoutin orderto evaluate

of the prototype application.
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Chapter 4

Case Study and Research Design

This chaptepresents the design of the case studyhich the prototype was evaluateétkctiors
4.1 to 4.3 provide background information on the study area, the Bulkley Valley in British Columbia,
Canada angresenthow the MapChat software, developedagrevious research project, was used
to cdlect aset of Type 2VGI that was used to evaluate the prototype functional@gction 44
discusses the research methods underlying the collection of ddtee @se and evaluation of the
visualization tools by the participantsinally, Section 45 describesiow these methods were used in
a series of workshoj evaluate the prototype application and the techniques and concepts underlying
its design

4.1 MapChat

4.1.1 Overview of MapChat

The MapChat Viz study belongs to a commorgtidser pr o
t hrough participatory spati al GEDmatiéssfor dniormedu pp or t
Decision$. The overall goal of this project was to develop and evaluate coaged mapping
tools designed to facilitate collaboration and decisimking among stakeholders in community
planning processes. One of the main pieces of software developed to meet this goal is called
MapChat, which was briefly presented in SectihB.4.2 MapChat is a Webased application
designed to facilitate mapased discussion between different stakeholders such as local people,
planners and policy makers or anyone who has an inteliedteelissues being discussed. Practically,
users can draw features (point, limed polygoi or select existing features on a map. Then, they can
leave comments linked to specific features or drawings. Besides drawing their own features and
commenting a them, the users can also interact with the other users synchronously or
asynchronously and reply to othersd comments to
been previously said. Therefore, a niEgsed discussion with multiple threads takdgce as

illustrated inFigure4.1.
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This process results in the creation of a riglpe 2VGI dataset with data that are qualitative,
subjective and heterogeneous ilisstrated by the data collected for the case study described in
Section4.3.

MPENIEL iy

7 2 = = 5
e @ ¥ R e @ B = ¢ o & x
Zoom In Zoom Out Full ‘Mew Pan heasure Drawings  Select Clear Show Hide Help Fbout Exit
Distance Select  Comments Comments

Main

Chat |

You are cunently chatting in.

LR 'EV_ASSEH: | fish frequently along this
stretch of the river and | feel that itis important to
protect it given its popularity among sport fishermen
from the local area and also from out of town.

Draw Features Consols

'\ )| Use this tool to draw a point onthe map:
Use one of these tools to draw a line to the map:
Use this tool to draw an area on the map:

et
v
!

Userl: Draws a line along a stretch of the river and comments on the asset value of this locatiq
fishermen. The pencil icon to the left of the messdgmvs that the comment is linkedtbe feature in the

map view.
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Chat

You are currently chatting in:

o Dav_nsssnz Ifish frequently 3long this
stretch of the river and | fegl that It Is Important o
orotect it glven Its popularity among sport fishermen
from tne local area and also from out of fovm, 4 \
“ ey asserz: | agree with your point. | would ) ! 3 K
also like to note thatthis stretch, which Is close Is 7 A Use one of these tools to draw a line to the map:
also very popular and there Is slighly betfer
access, with easy entry fo the river (shoaling near
the shore that allows mid-river fly access) 3 » Y Use this tool to draw an area on the map:

Oraw Features Console @

Use this tool to draw a point on the map:

User2Repl ies to Userl, extending the thread W
comment. User2 adds a further stretch of the river upstream from Userl and links a new commen
new (extended) asset location.

Chat | | Legend |

You are currently chatting in:

=) @ @ @ gy assert: | fish frequently along this
stretch of the river and | feel that it is important to
protect it given its popularity among sport fishermen
from the local area and also from out of town.
(SO € Bv_assET2: | agree with your point. |
would also like to note that this stretch, which is
close is also very popular and there is slightly
better access, with easy entry ta the river (shoaling
near the shore that allows mid-river fly access)
B\ _ASSET1: Thanks for pointing this out. |
rarely bother moving upsiream, but| have seen
| owsfishinginthisarea

B
also like to note that this stretch, which is close is ;l
also very popular and there is slightly better

access, with easy entry to the river (shoaling

near the shore that allows mid-river fly access)
BY_ASSET1: Thanks for pointing this out. | rarely
bother moving upstream, but | have seen guys Y.

Userl: Responds to Ugeby adding to the thread with a linked comment, but no additional asset lod

is mapped. The comment bubble in the map view displays all comments linked to an asset.

Source:Hall et al. (2010)
Figure4.1: MapChat user interfaand discussion sequenoetweertwo participants

MapChat draws upon the advantages of Wabed PPGIS to enable users to take part in
discussiongndto make the participation process more accessible. It has been used in previous case
studies dealing witlissues including collaborative assessment of affordable housing in the town of
Collingwood, Ontario(Noble, 2007; Taranu, 2009MapChat version 1 wasuilt with open source
software including PostGIS, MapServer and Chameleon. A full description of the system is available
in Hall and Leahy (2008)Version 1 of MapChat used in this thesis has been since superseded by an
updated version @escribed irHall and Leahy (201Ghat can be found &ittp:// mapchat.ca.
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As further detailed inthe next sections, the usgenerated chat and spatial data that can be
collected with MapChat are a good examplé@gbe 2VGI. Thus, MapChat was used in this study
collecta VGI dataset representative ©fpe 2VGI that wasthenloaded and formatteatbe used
with MapChat Viz sincét does not integrate features to collect rFaged discussion but focuses on
visualization and browsinglhe next sections describe the generic data structure used by MapChat
and how it was adapted to be used into Map®&tmbefore presenting how MapChat was used in a
case study to collect a VGI dataset.

4.1.2 MapChat Data Structure

MapChat stores two kinds of data, data that are related to the user managemen(esgstesers,
groups of userglifferent level of righty and he datathat users generate using the softwdree

former data were not used in the case study as MapChat Viz focuses on the visualization of the user
generated data and does not incorporate the contribution process.

The usergenerated data collected wtapChat is organized in a set of discussions that are created
by the administrators of the software and relate to a geographic area under examination. Typically, a
discussion is focused on a specific topic or issue. For each discussion created, asgeaerted
in the database with the structure illustratedrigure 4.2. A discussion contains two main types of
data records namely user drawingdanc o mment s. The comments are recor
along with the time, the user and a reference to the parent comment if the comment is a reply. The
reference to the parent allows for the reconstruction of the threaded discussion with aereciensi.
User drawings ar-drawwowmrédat mracthet dillJlserwi th the ge
object. MapChat allows users to link a drawing to any number of comments and also to link their
comment to any number of drawings. Therefore, them inm relationship between the comments
and the drawings. To enable thisr/m r el ati onshi p, the relationship
required.

Overall, the structure of MapChat data constitutes one example of the gépeei2 VGI as
defined in Chager 2 and used in Chapter 3 discussion and is thus appropriate to be used with
MapChat Viz in a case study. However, MapChat Viz uses a simpler generic data structure so the data
collected with MapChat need to be processed and reformatted before beirgs wssttribed in the

next section.
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Di i Schema> [Discussion Hame] |
Discussion Hame PR
Description Member Users Member Groups User Availability
Mapfile User ID Group ID User ID
Moderator User User Group Last Online Time
Users Chat Log Event Log
»|user ID 7 ®{Chat D €= - »EventID [
Password - -@Parent Chat ID « .@Parent Event ID
Email User ID User ID
Chat Text Event Text
Chat Type Event Type
Group Members Chat Timestamp Event Timestamp
ser ID Chat Geometry Event Geometry
roup ID r = @Feature Selection ID r- quature Selection ID
! [
1
J Chat Target Users : Event Target Users
L
User Groups ! Chat ID i Event ID
L}
L Group ID ' User ID H User ID
Password : :
Description ' Chat Target Groups | i [Event Target Groups |
croup : Chat ID r_ i |Eventin
ermissions '
A i ' Group ID ; Group ID
! '
i Selected Features '
L - pSelection ID «-- User-Drawn Features
Feature Source i »|Feature ID
Source Attributes ! User ID
Source Featwe ID {9 --— |Draw Timestamp
Selection Ti p Draw State
Selection Geometry Feature Geometry

SourceHall and Leahy (2008)

Figure4.2: Database schema for MapChat discussions

4.1.3 Data Conversion and New Data Structure

The usemgenerated aa collectedvith MapChat need to be cleaned and processed to be used with

MapChat Viz. The main data conversion and clegmirocedures are summarized below and further
detailed in the reminder of this section:

1.

2.

5.

6.

Delete erroneous comments

Make comments anonymous by removing information that identifies individuals
Concatenation of the initial comment and the replies linkezhtb drawing

Merging of the drawings that have the same sequence of comments
Aggregation of the discussions into one discussion

Simplification of the spatial geometries.

The first versionof MapChat was intentionally designed to prevent users from deldigig

comments in order to mimic real discussions where what had been said cannot be deleted. However,

some comments were clearly errors ra&thagupate t o
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of this study, these error comments were excludiédy were identifiable by the fact that they were
usually followed by a message such as ADel et e t
individual sé name within the comments were del et e

privacy.

As explainé earlier, there is an4m relationship between drawings and comments in MapChat.
Although it reduces the accuracy of the information in a few cases, the relationships were simplified
to 1-1 relationships to ease the development of the prototype assielinsake the data presentation
easier for users to understand. To obtainrlarélationship, all comments linked to a drawing were
concatenated together. As a result, the dataset contains a set of individual drawings with each drawing
linked to one concahated comment that itself may contain one or more comments. Hence, at this
stage, there are different drawings linked to the same concatenated comments (or sequence of
comments) (seBigure4.3). For visualization purposes, and especially for highlighting drawings, the
drawings linked to the same sequence of concatenated comments were merged together in a single
spatial feature. Once each discussion was processeddiaccto these steps, they were merged

together into a single dataset.

Finally, after merging all of the discussions together, the number of geometries was large (about
250 and this started to slow down the applicatinecause othe vector formatecessay for
visualizationthat is heavy to handle for the Web browSérus, in order to improve the speed of the
application, the geometries were generalised by using the PostGIS simplify function. This function
uses the DouglaBeucker generalisation algorth(Slocum et al., 2008ap reduce the number of
vertices and therefore the complexities of the geometries. The simplificatioe getimetries was
performed with a small tolerance so that it does not adversely adjust the shape of the information but
rather just corrected some of the very small scribbles made in error by some users when using the
drawing tool. The generalisation of ethgeometries made a significant improvement in the

performance of the application.
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Drawings Comments Drawings Comments Drawings Comments

- m-m relationship between the Comments related to the same Drawings related to the same
drawings and comments. drawings (replies) are sequence of comments are merged
- parent child relationship concatenated into the same spatial object

between some of the comments
(e.g. Bisareply of A)

Figure4.3: lllustration ofSteps 3 and 4 of the data conversiprocess.

4.2 Study Area

Due to the fact that one of the researchers resided there, and the particular characteristics of that
regi on, the Bul kley Valley was chosen as one
sustainable communities through participatory spatial decsionp por t 6 €@.5 maudir§ect i on
the case study presented in this thesis. The Bulkley Valley is locatedrtih westernBritish
Columbia in arelatively remote location about 1000 km north of Vancouver. It is an open plain
oriented south east to north west delimited by the coastal mountain range on the west side and several

mountain ranges on the east disieeFigure4.4).

The surroundingmountainsprovide natural resourceand opportunities foroutdoor rereational
pursuits, whilethe valley floor offers opportunities folgriculture, forestry and smalirban
settlementsThe overall population of the Bulkley Valley approximately20,000 people distributed
amongst several communitjeshich include from the south end of the valley to the north Houston
(pop. approx. 3,500 elkwa (pop. approx. 2,000%mithers (pop. approx. 5,40ndthe Hazeltons
(pop. approx. 3,000). These communities inclue tr i t or i es o fFirst Nagon Wéich 6 s u we t

actually encompass most of the Bulkley Valley and extend even further in some part
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Source: Google maps (see details on the maps)

Figure4.4: Location of the Bulkley ¥lley

Most of the BulkleyValley land is owned by the Crown (under the auspafethe Federal and
Provincial governments in Canada)dhas beemnderdevelopment pressuceer the last decade for
ventures includinghe expansion ofa ski hill, propasak for new mines, new rural subdivisions and
timber harvesting These potential delopments endanger the valley amenities that aréonoially
inventoried and mappeé&ven thoughmostresidents of the Bulkley Vallelgave developed a strong
respect and responsibility for their local environment, dif§cult for them to contributehieir local
knowledge to the planning process imler to protecemenitiesthat are unknowno local, regional
and provincialplanners and policy makef€hipeniuk, 2004, 2008)Generally, opportunities for
public inputs occur too late in the planning process (e.g. when proposals are already threatening some
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of the valley amenities) to ensuaeproper assessment of the potential impacts of the development

plans on valued community assets.

To address these issuesriouslocal groups formed to fostex proactiveand communityed
planning approachrhis context provides an excellent opportyd leverage the power of PPGIS as
a communitybased and participatory approach to inventory and discuss local knowledge before
developments occur. The specific approach that was used in the Bulkley Valley consisted of
inventorying, mapping and discusgih he communi tyds most val uabl e s
assetsSuch an approach i s r ef er rbasdd cononunitysdevélegpsiente t ma j
field (ABCD) (Fuller, Guy, and Pletsch, 2008} as cultural mapping within the cultural planning
realm(Baeker, 2010)In this project a community asset can beadly defined aBany natural, built
or cultural feature that a citizen can map and may deem worthy of sustaining. Assets can be a point in
geographic space (e.g. a lookout), a linear feature (e.g. a stretch of rivaer)a@a (e.g. a lake). The
centr al underlying commonality is that assets
community they live in (Hall et al., 2010, p. 7)

4.3 Community Asset Workshops and Community Asset Data

4.3.1 Community Asset Identification Workshops

A research team composed of several researchers and students involved with MapChat research
organiseda series of workshops in the Bulkley Valley in partnership with two local organisations,
namely he local office of the British ColumbiMlinistry of Environment (MOE) and thBulkley

Valley Stewardship Coalition (BVSC). These partnerships were set awgdalithe principles of
Community Based Participatory Research (CBPR). A CPBR approach sought to make the most of the
researchersd knowl edge and c iproductiemaos Knowledge ani know
mutual learning. This allows the reseanmshi® consult local people regarding their needs and identify

the most relevant procedures to make sure that the study is relevant in the local context. Also,
feedback on the research tools and methods can be collected. Local communities are empowered by
access to statef-the-art technology that provides them with access to their local information while
facilitating the collection of their local spatial knowledge. Moreover, researchers can help build local
capacity in the use of the software which enstias the community will benefit from the study in

the mid and long term and that their own knowledge is disseminated and integrated with the other
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knowledge bases that are typically drawn upon in decision planning. This includes spatial data layers
colleced by official agencies, such as conservation and habitat zones defined by the scientific

community.

The Bulkley Valley workshops focused on several topics including riparian zones at risk, a trail
inventory and community assets. For the study presentélis thesis, only the data collected on
community assets were considered. The series of community asset identification workshops was
organized in two phases. First a series of three;lfour workshops was organized jointly by the
universitybased reseahers andhe BVSCbetween October 2008 and January 2009. These first
three workshops were held in a small group context in a comiaintat the Northwest Community
College in the town of Smither$he researchers first made a quick presentation ofutpoges and
uses of the MapChat tool and then assisted participants with the use of MapChat for asset
identification. In this first phase, local people were able to learn how to use MapChat software and to
start contributing their local knowledge with By building their skills in this fac¢o-face context,
participants were able to connect subsequently to the MapChat tool from their home over the Internet
and further contribute asset data at times convenient to them. This first series of workshops also
allowed local organizations to build capacity to initiate and organize a new series of self organized
workshops without the help of the researchers. The organization of these later condunity
workshops was divided up by neighbourhadtere participantsrém specific communities gathered

in a series of informal meetingeldat individuasbhomes.

4.3.2 Community Asset Data

The asset data that were compiled and used in the case study comprise outputs generated during the
MapChat workshops organized by the reskars as well as the data collected during the comniunity

led neighbourhoodworkshops from their initiation to the time of writing. The neighbourhood
workshops are still ongoing in the Bulkley Valley but only the first three of these are included in this
study. Table4.1 presents basic metrics of the asset data used in this thesis to evaluate the merits of
MapChat Viz. The first three columns summarize the raw dateoted in MapChat. The fourth

column presents the number of drawings and concatenated chat threads after these were merged
according to the process presented in Sectidm3 Finally, the last column shows the number of
records that were used in the MapChat Viz case study after the removal of obvious erroneous

comments. Hence, the final number of records used is two hundred. It is not possible to state whether
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thisis a large or small number in the absence of similar benchmark. However, more information and

analyses on the asset data can be fouhtalhet al. (2010)

Drawing and Drawings and
, : Total Total . concatenated | concatenated thread
Discussion Drawings ;
messagey threads threads &ér after cleaning error
merging comments
Research workshop 30 22 41 20 16
Research workshop 56 46 61 45 40
Research workshop 22 15 25 14 11
Neighbourhood
workshop1 53 50 80 45 36
Neighbourhood 71 63 82 54 51
workshop2
Neighbourhood
workshop3 71 56 61 54 46
Total 303 252 350 232 200

Table4.1: Amounts of the sset data collected during the Bulkley Valley MapChat workshops

The table presents the amount dagfore and after being processed to be integrated in MapChat Viz
accordingly to the procedure described in Sectidi3 In dark greyis the find number that was used
for the case study.

This results show thadflapChat has been successful at fostering community involvement through
citizenbased data collectiofHall et al., 2010) As the success grows, some of the VGI challenges
described in Sectio.4 and 3.2 are becoming more and more apparent. Indeed, as the number of
users and contributics is growing, the data are becoming significantly harder to browse and
understand to the point that the utility of the data is significantly reduthd. number of
contributions makes manual browsing tedious amues areas of the map get an accumulatibn o

drawingsthat overlap each other makitttgir visualization impossiblgseeFigure4.5).
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Note: the usegenerated asset data is in orange

Figure4.5: Asset data collected during tBelkley Valley MapChat workshops

The browsing of the data in MapChat is also made difficult by the unstructured nature of the chat
comments. Unfortunately, MapChat does sopport tag creation so this process could not be
evaluated and experimented with. However, in order to evaluate the merits of such data classification
methods and related visualization tools, a post hoc approach to tagging of the data was employed by
the researchers. Tags were applied by the researchers in the folksonomy tradition. One or more tags
were applied to each feature basedthe type of asséseeTable4.2). The tags were freely chosen

by the researchers depending on the content. Another solution could have been to follew a pre
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established taxonomy structure such as the cultural resource foakng&fined for cultural planning
practices byBaeker (201Q)

A single map feature can have several tagsbge it can be mulfunctional in nature (e.g. a park
area that is used for environmental and recreational purposes) or because different community
members may have added text comments that suggest that the feature has different meanings to them
(e.g. aspot used for fruit picking by some and biking by others).

Tags # of occurrences Tags # of occurrences
recreational feature 83 cultural feature 15
trail 68 future feature 12
landscape feature 64 water feature 7
protection needed 47 resource 6
environmental feature 36 access needed 6
access 33 historical recreational featur 4

issue raised 24

Table4.2: Summary of the tags used to characterize the features

Overall, the community data collected with MapChat in the Bulkley Valley is symptomatic of
several ofType 2VGI challenges discussed earlier in this thesis. It is thus a relevant and appropriate
dataset to use with MapChat Viz for the evaluation of vizaabn tools in a series of workshops as

described in the next section.
4.4 Human-computer Interaction, Usability Engineering, and Geovisualization

4.4.1 Goal and Methodological Approach

This case study seeks to determine the extent to which the features imptemaehteMapChat Viz
geovisualization tool are usable and useful for commtrdaged participants. Do the tools enhance

the exploration of the VGI collected within MapChat? Were the users able to learn how to use the

tool efficiently? Did they enjoy usinthe tool? Beyond the assessment of the particular tools in
MapChat Vi z, the primary goal is to derive gene

concepts and methods employed and to improve our understanding of VGI.

To address these objectivasd research questions properly, the user group of the tool had first to

be identified(Preece, 1993)Users of PPGIS and in, a broader conteggple contributing and using
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VGI on the Internet, can by nature range from casual users to experts. It is therefore a very
heterogeneous group with different levels and types of computer literacy, knowledge and cultural
backgrounds. In this context, adimg a usetcentered design approach including methods from
humancomputer interaction (HCI) and usability engineering proved to be usefolestigate how

the features are understood and usedmprove the design and usability of the tools themselves
(Haklay and Tobdn, 2003; Sidlar and Rinner, 200¥wever,while manyprevious studiehave

focused on pure PPGIS applications, MapChat Viz also integrates aspects from geovisualization and
data exploration in its design and implementation. In this context, it has been shown that HCI and
usability methods have limitatiorfEuhrmann et al., 2005; Slocum et al., 2001; Tol2@@5) This

study also had resource and logistical constraints that needed to be taken into account when choosing
the usability methods to use. Thus after reviewing fundamental HCI and usability engineering
principles in the following section, these medho are then discussed in the context of
geovisualization. Finally, the last section presents the methods chosen for this study along with their

advantages and disadvantages.

4.4.2 Human-computer Interaction and Usability Engineering
HumanComputer InteractionrHCI) is defined as follow bPreece et al. (1994, p. 26)

AHCI i s concer mg designing, évaluatmglamd st and
i mpl ementing interactive computing system f
By understanding the factors involved in huatamputer interaction, the HCI field seeks to create
tools and techniques which help programmers to design computemsytat are efficient while
being easy and enjoyable to use. It is an interdisciplinary field that includes knowledge and practice
from fields such as computer science, cognitive psychology, social and organizational psychology,
ergonomics and engineerifigreece et al., 1994)Jsability engineering is one of the key concepts of
HCI. It focuses on the evaluation of how well a persan gse a computer systeRuhrmann et al.
(2005, p. 554provide a definibn adapted from the International Organization for Standardization
(1SO):
ithe extent to which a system can be used ©
achieve specified goals with effectiveness [the extent to which a goal
is reached], efficiency [the effort to reachads], and satisfaction

[the userd6s opinion on system performance]
useo
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Nielsen (193) identifies five components afsability, namely learnability, efficiency, memorability,

errors and satisfaction. Learnability reflects how easy it is to understand and learn the system.
Efficiency is the level of productivity a user can reach oneéshe has learned the system.
Memorability is how easy it is to use the system again after a period of not using it. Errors are the
times users spend on performing actions that do not result with the expected outcome. Satisfaction is
the pleasure and thatssfaction that a user gets when using the software. As presented in the previous
section, this study focuses mainly on the learnability and user satisfaction parameters defined by
Nielsen.

The different approaches to software usability studies can be classified in several ways. One way is
to use the type and level of control that a researcher has on th€ksnattpwski and Corbett, 1990)
The first type is a naturalistic study which takes place in a real world context where investigators play
only a background role. Quasaturalistic studies also use a real world context, buarelsers have
some control on the study to collect information. Finally, experimental studies are designed to isolate
some independent aspects that the researchers want to study and avoid confounding elements. This
classification is comparable to one propdsby Preece (1993)hat includes analytic, expert,
observational, survey and experimental. Another caitejon, proposed bilielsen (1993)is to
use the purpose of the study. This way, a summative evalw@tienat evaluating the quality of an
interface, for instance to compare two software packages and a formative evaluation aims at getting
feedback from the users to improve an interface as part an iterative design process. As detailed further

in Sectiord.4.4 this study was designed as an experimental and formative study.

One of the fundamental usability engineering techniques is to analyse and segment thgeprototy
functions of a software product into a set of tasks that are performed by the test users. The evaluation
of the usersé ability to perform each task is t
various methods and tools available ttexti data on user performance. Such data can be objective or
subjective and allow for qualitative and quantitative analysis. For instance, a study can involve
met hods to measure quantitatively usersobeaperfor:
task or logging of the interactions with the software (tracking and counting user actions). On the other
hand, qualitative feedback from the users can be obtained through interviews or questionnaires. A
more comprehensive list of the available methants their relative advantages is provided\ligisen
(1993), Preece (1993), and Preece et al. (1999 approach used in this study is described further in
Section4.4.4
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4.4.3 Limitations in the Evaluation of Geovisualization Tools

Usability evaluations are designed to assess howaneser can perform a sequence of defined tasks
to achieve a goalith a computer systentlowever, exploratory and geovisualization tools are
designed to support knowledge discovery praeets solve ilkdefined problems where the goals
might be unknown athe ouset. Thus, it is a complex issue to define precise taskshaligénging to
apply usability principlesin practice(Andrienko et al., 2002; Fuhrmann et al., 2005; Slocum.gt a
2001; Tobon, 2005)For instanceguantitative performance measuremsrttased on the time to
achieve specified tasks is thalways relevant Indeed, a test user could take great care in the
discovery procesever a long period of time, whilenotherpersoncould complete the taswithout
much thoughor effort (Tobon, 2005)On the other handince goal achievement is hard teasure,
additional informationis required to evaluate geovisualization todspecially with respect to
information about how useful individuals believe the tool tolbgeed,usability testing methods do
not really distinguish between usable and useftilerefore qualitative information about the
usefulness of the tool isupport of thediscovery processs needed for a complete evaluation
(Fuhrmann et al., 2005)

An additional difficulty when applying usability methods to geovisualization tools is that it is
complex todetermine if he evaluatioroutcomesare related tahe specific eftwareimplementation
or to the concepts underlying (Andrienko et al., 2002; Fuhrmann et,&005) Nevertheless,sa
mentionedin Section4.4.1and pointed out byAndrienko et al. (2002, p. 327he aim ofthe case
studyin this thesis and of geovisualization researchers ovierélllt o0 ev al uatrequean cert ai n
gener al , i . e., as a concept , rathertharstpeesoftivareviteelf.of a p a
However,in order for it to be evaluated, a concept needstfirbe implementeih a specific piece of
software and thus the software ahe concept are tested rather than only the concept itself. Thus,
deriving information about the concepts from test results must be done carefully as the specificities of
the implementation, such as the user interface or bugs, can have a strong inmpaatesnlts. As a
general guideline, positive results can be interpreted in favour of both the concept and its
implementation, whereas negative results do necessarily not mean the failure of the concept but it

may suggest that the implementation shouldelvesed(Andrienko et al., 2002)

As a result of these limitations, it is essential to consider a combination of methods including

techniquegailored with an emphasis on qualitative feedback from the users.
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4.4.4 Methods Used and Data Collection

Given the usability engineering principles discussed above and their limitations for evaluating the
geovisualization concepts, a set of methods ehasen and applied in this case study. These choices,
described in the following section, were guided by the need to collect different types of data to
support the evaluation of the features implemented in MapChat Viz as well as by practical constraints
of such as the availability of staff, equipment, participants, and time.

To limit the confounding elements and facilitate the interpretation of reshisstudy was
performed inan experimentadetting. Specifically, the study was divided into separatéians each
focusing on the various features represented in MapChatrVeach of these sections, participants
were asked to perforaseries of tasksefinedin accordance with the usability engineering principles
discussed befordNumerous techniquesre availablgo define the tasksncluding hierarchical task
analysis, cognitive task analysts using a listof the intended uses for the prod(eteece, 1993)n
this case, the tasks were defined according tdehtures implemented in MapChat Viz in relation to
the issues defined frorthe literature reviewsee Sectior2.4 and 3.2) on VGI application andhe
observation and feedback froparticipants inthe MapChat 1 workshop®&utting the user at the
cente of the task definition is especially important when trying to define tasks for exploratory tools
(Fuhrmann et al., 2005

One of the main usability methods discussed in the literature is the observation of the users while
they are using the softwafllielsen, 1993; Preece et al., 1998his observation can be direct, where
the observer visits some users and observes them using the software, or indirect, which involves audio
and vdeo recording. Indirect observation is usually preferred as it is unobtrusive. However, it
requires a purpose built laboratory or at least important resources that were not available for this
thesis (such as recording equipment). Thus, direct observafiaisers was employed to gather
gualitative information. A disadvantage of direct observation is that it may influence participant
behaviour. This phenomenon is knowntlas Hawthorne effec{Preece et al., 1994However, an
important advantage of direct observation is that it permits developers/researchers to discover
unexpected uses of the softwafidielsen, 1993) This is especially important in the case of
exploratory tools like MapChat Viz, as the definition of the tasks is difficult and may need to be

refined (Tobdn, 2005) To perform direct observation, the observer should be quiet and provide very

A

little help to limit influencing thesb j ect s® t hought processes. Howe v
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from users and limit the time spent on the workshop, the facilitator interacted with the test users
occasionally, especially when the user encountered an issue that prevent their progrisssase,th

the facilitator usedhe simplifiedit hi nki ng dNietsend1894)nThet ubecs dvere asked to
formulate their issues verballwhile using the system. This provided-dapth, subjective and
qualitative feedback from the users. However, human resources were limited to one facilitator
therefore observations and thinking aloud methods could not be conducted systematically with every
user but rather as a complementary method while conducting the workshop.

Two methods were applied to collect data consistently. A questionnaire was integrated with a
workshop script that guided the users throtigh tasks they had to accompli@ee Appenit A).
After every task, a series of questions was asked to gather feedback from the users. Questionnaires
are a good way to measure a userds subjective sat
as two central elements of a usability evaluatiAn alternative method to get feedback from the
users is to do individual interviews. However, interviews require more time and staffvéra
available for this thesis. Given the limited resources in the project, questionnaires were chosen to
survey alarger number of people. A drawback with this approach is that ideallyeationnaire
should undergo a pilot study to refine the questions and prevent misunderstandings in the data
collection Furthermore, \ile a questionnaire can provide rishbjectivefeedback, itis also subject
to different types of biaand,asNielsen (1993, p209)p o i n t ©ne cannot takdiuser statements
atfacevalueDat a about peopleds actual behaviour shoul d
what t hey t Mhus Ruestiohnaire dadaoneed to be complemented by a method that

collects objet i ve data on the usersé actual wor k. To

a)

methods were used by logging user interactions with the software. In other words, the software
automatically recorded all actions that the users performed with the aeeEach action occurrence
wastime-stamped so that a sequence of actions could be recreated and statistic counts on user actions
could be calculated. Software logging is particularly interesting as it can run continuously in the
background without interfeng with the user, and it allows for easy identification of frequemntigd

or unused features. On the other hand, it can violate privacy of users and therefore they have to be
warned that their interactions are being logged. This was done by an intrgdatter and a form of
consent that were provided with the workshop materia@ble 4.3 summarizes the combination of

complementary data collectionethods used for this study.
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Data

collection Type Pros Cons Application
methods
Direct Qualitative | - Easy to pefrform - Obtrusive Selective
observation | Subjective | - fe:?l?reessts unctions anq _ Incomplete
- Information on
aloud Subjective | - Find user participants

misconception

- Difficulties to analyse

itative | - Unobtrusive .
Software | Quantitative important amount of daté  Systematic

loggin jecti - Run continuousl .
gging Objective y - Ethical issues
) ) Quan'Flta'Flve/ - Easy to repeat - Pilot work required )
Questionnairey Qualitative Systematic

- Find user preferences | - Bias answers

Subjective

Source: adapted froMielsen (1993and Preece et al. (1994)

Table4.3: Summary of theatacollection methods

4.5 Workshops

4.5.1 Sampling Strategy and Recruitment

To perform usability tests, a sample of users had to be selected and recruited. These individuals had to
be as representative as possible of the intended users of the s@ftigen, 1993)As noted earlier,

the potential range of users for MapChat Viz is very wide and can vary from people who are
unfamiliar with computers to GIS experts. Therefore, the test user group ideallp lcathprise

people with different computer skills from novice usedrs ensure that the features are easy to
understand and usgib expert users, tprovide insights and qualitative feedback on the system. To
meet this requirement, two subpopulations oérgswere identified, namely the graduate and
undergraduate students from the Faculty of Environment at the University of Waterloo and the
participants in the previous MapChat workshops in the Bulkley Valley described in Sk8tibThe

student group was expected to be familiar with computers, the Internet, and GIS. They were mostly
aged 2630 with a roughly even gender split. The second groupsifusers were expected to be less

technically knowledgeable than the first group and represent a higher proportione{peshusers.
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The participants from the Bulkley Valley were also important in this instance as they already had an
experience with MaChat software, most of them were involved in the planning process of the area
and most were therefore familiar with some of the assets recorded in the database. This group was
mostly aged between 40 and 60 with a roughly even gender split. These twe werepntended to

cover a wide range of the intended users of the system.

Nonrandom sampling techniques were used to recruit the candidates. Purposive sampling coupled
with snowball sampling was used to recruit participants amongst these two {Bh@skin, 1985)
The researchefsom UW were incontact with the leaders ofdlBVSC who maintained contact with
the participants of the MapChat comnity asset workshops held earlidihus, an invitation to
participate to the MapChat Viz workshop was sent out byilemall previous participants. Thisas
followed by a reminder email. Students were recruited from the University of Waterloo via an
invitation sent out to the Faculty of Environment graduate student mailing list. Also, two
presentations were made in undergraduate GIS courses. In both cases, potential participants were
mainly contacted by email. This was found to have some limitationfdtancesome of the people
who participated in the asset workshops in the Bulkley Valley did not have an Internet connection and
thus were not contacted. Hence, the recruitment has a bias towards people who were already using the
Internet and were atdst casual users of the InternEable4.4 summarizes the recruitment process
and numbers, not surprisingly, the response rate for the residents from the Bulkégywiadl were
previously involved in research and planning initiatives in the study area was much higher than for
University of Waterloo students, for which the main motivation factor related to curiosity of a fellow

studentds research project.

Place University of Waterloo Bulkley Valley
Number of people emailed ~ 350 40
Number of answers 14 17
Number of participants 9 13

Table4.4: Summary of the number of people through the recruitment process.
4.5.2 Workshop Procedure

As implied earlier, the MapChat Viz case study took place through a series of workshops located in
two places, Waterloo, Ontario and Smithers in the Bulkley Valley, BC. In both locations, participants

were provided with several dates for group kebiops and, if they were not able to come at those
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dates, individual workshops were arranged. The same materials were presented for the individual and
group workshops, however there were a few differences between the workshops located in Waterloo
comparedo those in Smithers, as is explained later. Overall, there were two group workshops held in
Waterloo with two and seven participants, respectively one group workshop in Smithers with 12
participants, and one individual workshop in Smithers for a tot@&2oparticipants. fie complete

study and itsassociatednateriat were reviewed and validated by tbaiversity of Waterloo Office

of Research Ethics

The workshopsook place in two different computer labs includihg spatial decision suppdat
in the Faculty of Environment at the University of Waterlemdthe computer lab ahe Northwest
Community College in Smither8oth labs hadnternet access and computers able to run a Web
browser efficientlyThe workshops were conducted by one facilitatdVeterloo and two facilitators
in Smithers Upon the arrival of participants at the computer labs, they were each given an
introductory letter that described the workshop procedure, a consent form required for ethics
approval, and the workshop script. Thegre invited to choose a computer to use in the workshop.
Once the introductory letter was read and the consent form signed, the workshops in Waterloo were
opened with a quick group presentation of the study area, the data collected in the previous
commurity asset workshops, and the issues at stake in the case study. In the Bulkley Valley, the
workshop was more flexible to accommodate the
could arrive at the computer lab during a specific window of times fidnimat did not lend itself well
for a formal group presentation, however most participants were already familiar with the broader
PPGIS research initiatives in the Bulkley Valley. Thus, the participants were given a brief individual
presentation of thepgcific goals of the workshop to complement the introductory letter. Participants
were then guided by the workshop script to connect toAbb-based computer program MapChat
Viz hostedat the University of Waterloo.

Following these introductory procedsrehe participants used the workshop script to guide them
through the series of tasks described in Seetibr8 After each task, the users were asked to answer
a short set of questions included in the workshop script. To prevent the users from being
overwhelmed with the new tool, the interface was presented incrementally by adding the features
when needed for a new task. According to the methods presentedion38ety facilitators walked
around the lab observing the users and taking notes without interfering with the participants. If the

facilitators were asked for hge they asked the users to formulate their action and their issues as
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recommended in the Athink aloudo6 protocol. Compr €
were also provided for the users to refer to. However, only a few users actually redatrechelp

documents as most preferred to ask the facilitators for assistance. As mentioned indSkdtjaghe

interactions between the users and the software were continuously logged. At the end of the session,

an open discussion took place to answer any questions from the participants. Finally, an appreciation

letter was sent to all the participants aftexr workshop was completed.

4.5.3 Workshop Script and Questionnaire

The workshop material iAppendix Aintegrates a script to guide the participants through the steps
and tasks they were asked to perform with a questionnaire to gather feedback after each task was
completed. The workshop maiaris organized into 5 sections (dagure4.6). Each section contains

a task or a set of tasks that were designed to test a feature or group of features reladetictdaa

issue aspect of the software. The length of the workshop and the time required to complete it is an
important practical constraininahe workshop format. Indeed, only a reasonable amount of time,
between an hour and an hour and a half, caasked from volunteer participaniielsen, 1993)

Thus, the questionnaire and the associated tasks had to be constrained tolbedanthin these
time | imits. Further mor e, the tasks had to be as
understanding and also to make the workshop tasks close to a realistic application of the software.
One way to achieve these goaldadsrelate the tasks to an overall scendN@elsen, 1993)In this

case, the tasks were based on a scenario where participamedgsube community leaders who

were going to attend a town meeting and wanted to build a case to defend some amenities of

particular importance to the community.

Questions had to be as unambiguous as possible to avoid misinterpretation that would bias th
results. A combination of closed and open questions was used in the design of the questionnaire in
order to find a balance between quantitative and qualitative feedback from the users. Closed questions
can include multpoint rating scales, Likert scaleend semantic differential techniqu&seece et al.,

1994) which allow for numeric codification and statistical analysis. Ggeled questions were used
to gather more hdepth explanations from the users. While epaded questions are an economical
method to collect qualitative feedback, they require more involvement from the test users who have to

transcribe their thoughts ontdhe paper.Because of the time constraints of the projest,
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comprehensiveilot studywas not conducted to calibrate the duration of the workshop and avoid

ambiguous question®nly a few test runsvere performed

Map navigation

Basic Data Browsing Comment navigation
Linking
Text
Data Filtering
Spatial
Manual

Identification of VGI
spatial clusters

Assisted
Tag list
Identification and spatial
Tag cloud
clusters of themes
Linking

Synthesis

Figure4.6: Overview of thevorkshop structure

The first few pages of the materials in Appendix A consist of the invitation letter and the
introduction describing the workshop aims and procedures. Before operatingofiveare,
participants answered a series of questions about their background including some demographic
information; experience in using computers, the Internet, and GIS use; familiarity with the Bulkley
Valley area; and their involvement in local plargibata about user skills with computers and GIS
allows verification that the sample constituted a wide range of users and also to identify differences in
opinions between experts and novice users. Know
involvement in local planning allowed us to study the influence of these parameters on the use of the

software to be evaluated.

In accordance with good usability practice, the first section of the process involved relatively easy
tasks to increase user comditte and allow the participants to get familiar with the new application
and its basic featurddlielsen, 1993)The first part ofhis section invited the user to try out, through
small descriptive steps, the basic tools available to explore the map (map tool bar: zoom in, out,

panning...) and the user comments (popup, comment grid) as well as some basic linking between map
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drawing aml text comments and brushing methods. After getting familiar with these features and

providing feedback, participants were asked to achieve more precise goals through Task 1 and 2. Task

1 was designed to make the users look for VGI features within a gebgrac ar ea (e. g. ifoi
features near a rivero) whereas Task 2 made wuser
(e. g. Afind three comments related to trail o). At
features of MapChati¥. Therefore, the overall expected outcome of this first section was that most

users would find it easy to navigate the map with the basic tools but their navigation would be
hampered by the volume of data in the comment grid and on the map when théy fine specific

information.

In the second section of the workshop instructions (see Appendix A), the text filter and spatial filter
were added to the interface and the users were asked to repeat slightly changed versions of Task 1 and
2 with the helpof these new features. Two closed questions were used to determine if the user
actually found the filters helpful when achieving the tasks. Two open questions were asked to
evaluate the ease of use and understanding of the two features. It was expetbedubers would
relatively easily understand the features and take advantage of them to aid exploration of the VGI

contained in the map viewer and comment list.

The third section of the instructions (see Appendix A) introduced the clustering toolsedkgig
help the users browse the data and to visualize areas with varying density and low density of VGI (see
Section3.3.5.9. To evaluate this tool, the participts were asked to locate three areas that they
thought have a high density of drawings and circle them with the drawing tools. They achieved this
task once manually and once assisted by the clustering tool. The shapes thfyr theiw answers
were savd in the database for both tasks in order to compare the areas chosen and to determine the
influence of the tool. A set of questions were asked to determine if the users thought that the
clustering function improved the legibility of the map and helpednthe locate areas of
concentration. Anot her set of questions were r1el:
understanding and the complexity of the feature. These points are important as the system must be
transparent and not a black box iderto support an informed review and evaluation of the collected
VGI. The feedback expected on this feature was that the tool was easy to use and that it provides
valuable information on the spatial partitioning of the data. However, it was also exjiettdide
aggregation may be seen confusing and that visual effects could be improved in order to enhance its

understanding, especially to show what features are included in what cluster.
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The fourth section of the instructions addresses the issue afawmgorized data. To examine this,
each comment was tagged with one or several theme tags and a tag list and a tag cloud allows users to
visualize the data categories, their relafieguency and their spatial location (see Sect®B.5.5.
The main objectives here were to assess the ease of use and usefulness of the overall tool as well as to
compare the specific tag visualization features. One task was desigpsalitte the users with a
realistic context to experiment and compare the various features. Participants were asked to determine
an area of interest with the drawing tool. The choice of the area was left to their discretion. They had
then to determine an@port the themes that were visible and their reldtieguencywithin the area
of their choice. Participants were then asked to evaluate the usefulness and complexity of each tag
visualization features as well as to compare them. The classificatiomamdlated visualization
tools were expected to be relatively easy to use and valuable to explore the data content. In this case,
the tag list was expected to be the most appropriate visualization feature as it seems to be simpler to
interpret.

The last sction of the workshop comprises one large task that was designed to put the participants
in a less structured setting and within a more realistic context that sought to capitalize on all of the
features learned earlier in their use of the software. dt @ilhed to make participants feel rewarded
for their participation and accomplishmeffi$ielsen, 1993) To achieve this, the pari@nts were
asked to pick a theme of their choice and then to identify areas related to this theme that they would
prioritize for special attention in the community. The identification of these areas was done by
defining areas on the map. The resultingpsisawere recorded in the database for subsequent

analysis.

The outcome of such a task is interesting on several levels. First, as menticghedrienko et al.
(2002) understanding how to use a tool, its purpose and when it is useful are three different levels of
understanding. Thus, confronting the participants with a broader task dibt@rsinaibn of whether
the participants undersid the toolsand their relevance beyond theripted use. Second, it is useful
to push the limits of the tools in order to discover unexpected uses that can be used to refine task
definitions for future studies as Weas the limitations of existing features. Finally, it also provides a
basisto compare the usefulness of the different features in the data exploration process thanks to the
feedback provided by user ratings in questionnaires and the software intelegtjmg. The hope

was that the users would take advantage of the full set of tools, but it was expected that most users
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would only use a subset of the simplest tools as they did not have enough time to gcasgptete

relevance of each tadlhe hypotheses related to the result of each taskwarenarized imable4.5.

VGI visualization

Technique

Workshop script

issues implemented | tasks/questions “BfpEinEeE
- Popup is well understood to ensu
access to the information linked to
given geometry
_ -iZoom too i s su
Simple Browsi Highlight, Section1: the location of a geoetry linked to a|
Impie BIoWsING | popup, zoom td Task 1 and 2 given comment

and linking

and brushing

Question 1,2,3,4

- Brushing ensures a quick browsin
of the data

- Tools are satisfactory for random
browsing but are limited to find
specific features

B _ d Section 2: o filter H
rowsing an Spatial filter Task 1 - Spatial filter mprove the access tq
Linking _ the comments related to a givarea
Question 1 and 3
Browsing and . Section 2Task 2 - Text filter improve the location
L Text filter : i
Linking Question 3 and 4 comment related to a word topic
- Clustering improves the readabilit
of the map
Browsing and Section 3: - Clustering helps users to identify
, areas of concentration
Heterogeneous Clustering Taskla and 1b : R
data Lestion 1 to 9 - Clustering symbolisation is
Q relatively well understood
- Clustering process may not be we
understood
. _ - Tagging and related visualization
. Tlagglng, t?g Section 4: features improves the theme
Non categorized | cloud, tag list, Task 1 browsing

data

Clustering pie
chart

Question 1to 6

- Tag list is easier to use than tag
cloud

Comparisons of
the methods

All the features

Section 5Task 1
Question 1to 3

- Users focus on the use of one tog
rather than a combination of tools

Table4.5: Summary table of the issues, features, hypothesis and outcome
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4.6 Chapter Summary

This chapte described the studgrea and the process that was used to collect a dataset that is
representative of Type 2 VGIThe discussion turned next to hohist dataset wataded in the
prototype application in order w@low participants taise and evaluate ghvisualization tools with
actual VGI dataln order to collect data on the use and evaluation of the tools by the participants,
set of researchmethod from the usability engineering field weexaminedTo mitigatesome ofthe
limitations related to the use dftandard usability methods in the context of geovisualization
approachcombining several of tlse methodswas employedo collect complementarforms of
usability data This approach was put into practice in a series of workshdpere groups of

participants used and evaluated ¥isializationtools.

The next chapter presents the analysis of the data collected duriegatbationworkshopswith
the aim toassesghe influence of the geovisualization techniques on the particigahilities to
explore and extract meaning from the community asset data.
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Chapter 5

Results

The series of workshops organised for the case study led to the collection of both qualitative and
guantitative data concerni ng wthtee MppChat Vizctools.ant s6 u
These data provide a solid base to examine the relative merits of the tools and methods in the
software with respect to the enhancement of VGI exploration and visualization. The first section

reviews the characteristics of tparticipans. The chapter is then divided in five sections that discuss

the results and findings related to each set of visualization features based on the analysis of the data
collected.

5.1 Participants

Understanding the participants is especially importamen evaluating any software since usability
issues can vary with users of different characterighioslsen, 1993)Moreover, alhough participant
recruitment typically aims to reach test users who are representative of the target audience of the
software, lack of resources and other study constraints can affect the composition of the test user
sample While Section4.5.1 described the goals and methods of the participant recruitment, this
section review the characteristics of the actual partickiardetermine if the recruitment processwa
efficient and if there are any biases that could influence the results. In this process, it is also important
to delineate subgroups of participants with similar characteristics to determine how the different types
of participants respond to the softwark total of twentytwo participants were recruited, nine
participants for the University of Waterloo workshop and thirteen for the Bulkley Valley workshop.
The participants are characterized below based on their answer to the questionnaire preliminary

sedion (see Appendix A, Introduction).

A participantbés age has been recognized as a ge,|
ability to understand and to interact with geospatial technold@lesum et al., 2001)This study
focused on participants aged 18 years and older to represent the heterogeneous populatien that use
VGI applications. Deliberate efforts were not made to recruit children, young adult and seniors,
however it wouldbe interesting to include wider age range gfarticipantsn future studies on VGI
collections especially becaug®eir views and ideas can be significantly different from the main adult

population For this case study, the recruitment resulted in a particgaamplewith an even age split
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across the target age rangee Figure5.1). This age distribution is suitable to represent the targeted

panel of users.

Although the influence of gender on the interaction with maps has been extensively discussed in
the literature, findingsre very diverse and have overall mainly shown that only the gender variable
Afcannot predict any individual 6s (Dawesmkab,eandc e a't
Albrecht, 2010, p. 30fMeng and Malczewski, 2009 herefore, even though the influence of the
gender variable is complex to determine, the characteristic was recorded to ensure that the
participants arerepresentative of the target user populatidhe gender splitof the recruited
participantsis slightly skewed towasdthe malegenderthat represents @6 of the participants
because of the high proportion of male students in GIS sttidiesvercomes the even gender split of
the Bulkley Valley participants

Age

0-18 1824 2534 3544 4554 5564 >64

Figure5.1: Gender and age of the participant

As described in Chapter 4, the intent was to recruit participants with various skill levels and,
hopefully experiential knowledge. Engaging people with various educational and computer
backgrounds is eecurrent issuefastudies related to public participation and special means have to be
employed to reacpopulations that are otherwise exclugbténg and Malczewski, 2009Pue to the
limited resources available, the recruitment of participants was done mainly by email and relied on
the personal interest of the people for thekiey Valley and/or GIS technologies to prompt them to
participate to thevor k s ho p . As a result, the participantsb©d
not as heterogeneous as expected in the wider population. Two people can be considered as not at
ease with computers and the Internet whereas twenty people are regularecanguinternet users
(see Figure5.2). Concerning computdyased map use, the distribution is a bit more spread out with

five people who can be considered as not lilamivith mapping software versus seventeen who
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operate mapping software frequently. Even though the number efxpamt users is relatively low,
the overallsampleof participants represents a wide of range of users that can be divided in two

subgroupsa nonexpert group of five people and an expert group of seventeen people.

Computer and Internet use Computer-based map use
20
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Figure5.2: Computer, Internet and mapping use of the particgpant

Anotherimportant characteristic of the participants that can influence the feedback they provide is
their familiarity with in theBulkley Valley area andheir involvement inits planningprocessesAs
described in Chapter 4, participants were recruitech the University of Waterloo Environmental
Studies student bodyand the group ofBulkley Valley residents who participated iprevious
workshops. As expected, given the small odds for people from Waterloo to know a secluded area
located thousands kilometres awahe number of people far@r with the Bilkley Valley
corresponds tthe number of people who attended tinerkshop in theBulkley Valley. thirteen are
familiar with theBulkley Valley and nine are notWithin the people from th8ulkley Valley, it is
interesting to note thaveryone was involved in the local plannioigthe areaand only one person
wasnot at the previous MapChat workshop. Practically, the distinction between participants familiar
with the Bulkley Valley area and the others was difficto study. The expert/novice characteristic
was an important confounding factor as all novices were ifBthidey Valley group (see ifmable
5.1) ard so the main differences that were found between the two groups were most likely to be
attributed to the expert/novice distinction since the computer experience is likely to have more impact
on the experience with the software than the familiarity with ahea. Therefore, the distinction
between participants familiar with the area and -familiar was eventually left aside in the

presentation of the results.
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User [1]2[3]4]|5]6]7]8]9]10]11]12]13]14]15]16]17][18]19][20]21] 22

Origin uw Bulkley Valley

Level Expert N |Ex| N |Ex| N | NJ|Ex| N [Ex]|Ex]|Ex]|Ex]|Ex

Table5.1: Repartition of expert and novice users between thddgations

The workshop consisted of askction script with each section was closely linked to one of the
tools implemented iMapChatViz. Each section included testing tasks that were followed by several
guestions and opportunities for feedback. All the participants entirely completed their questionnaires
with the exception of a few questions missed accidently in a few instanceseagdestionnaire that
misses the last part due to the time constraints of the participant. The completion results were not as
good concerning the shapes that participants were asked to draw to complete some of the tasks. Only
twelve participants out of twéntwo saved their drawings correctly for task 3a and 3b, thirteen for
task 4 and nineteen for task 5 (§eble5.2). The main assumption to explain the errors gkta is a
mismatch between the succession of the tasks written in the script and within the software. Despite
the fact that the participants were carefully guided in the script on when they had to go to the next
part or save drawings, and that the numlgeohthe task corresponded between the screen and the
script, it appears that it was not enough and drawings relative to one part were saved mistakenly for
another part. Some participants may have also just forgotten to save their drawings despite the bold
reminders in the workshop scriph the following sections of this chapter, the number of answers

taken into account to support each analysis will be mentioned to clarify their reliability
5.2 Simple Browsing

5.2.1 Tool Bar

In order to visualize and explore VGI, the user must first be able to interact with VGI in basic ways.
For instance, the user has to be able to change the scale or the extent of the visualized data as with
any geographical data. Traditionally in desktofsGhe primary way to enable the users to browse
geographic data has been one or several tool bars with series of icons. While YWeiutaapping

sites such as Google Maps or Yahoo! Maps offer simplified interfaces, WM&ty mapping
applications have amportance inheritance from desktop GIS and have simply transposed the tool
bar from the complex desktop GIS to ivebenvironment taking for granted its usabilftyoyle and
Bouwman, 2009)However, it appears that this approach requires more investigation as the audience

of Web mapping applications often includes non GIS professionals for whom it is not as easy to use
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classic tool bars as repadtby Kramers (2008, p. 102h his usability study of the Atlas of Canada
Webapplication:

fiThdr functionality was based on similar GIS tools and the team

expected that users would understand the behaviour of the tools. The

results of the first survey indicated that users came with different

expectations and understanding of how tools would functio

many cases, they had little previous online mapping experience to

guide them. Their understanding of mapping and interacting with

online maps was considerably less than what was assumed by the

design team. The result was that many users could matiefly use

the tools to explore the Atlasdé maps. 0

The investigation of the tool bar was not the primary goal irMapChatViz study so the default

tool bar provided by the development tool kit was implemergedRigure3.6). Even though no task
was dedicated to the tool bar and no quantitative feedback was collected about the basic navigation
tool bar, some participants especially the novice users who are dotous4S reported that the tool
bar icons were too small to easily click on or to read. As a consequence, it was difficult to identify
their function from their icons and to determine when they are highlighted drenacfivated or not)
similarly to Kramers (2008¥indings. These difficulties were worsened by the default behaviour of
the tool bar that todgs tools on and off. When they clicked several times on a tool icon to make sure
that it was activated, the tool got deactivated and the default tool (panning tool) was activated which

caused confusions for the users.

These findings confirm that takingrfgranted the fact that GIS desktop conventions are known by
all users is generally a misconception. Basic features like the tool bar are often overseen and should
be adapted for various users who are not familiar with H&trower and Sheesley, 2005; Kramers,
2008; Nivala et al., 2008)Several simple improvements such as increasing the size of the tool bar
icons, keeping a tool activated when it is clicked on, changing the mouse cursor to display the icon of
the tool that is active (i.e. a magnifying glassthe zoom in tool), adding plain text besides the icons
as well as verbose tool tiiKramers, 2008nd making tools that accommodate different types of

users cohabite in one interfaddéarrower and Sheesley, 2005; Kramers, 2008)

5.2.2 Spatial Browsing and Information Windows

In the first section of the workshop script (see Appendix A, Section 1), participants were guided

through a few steps to get familiar with sonaesile spatial browsing tools such as the map navigation
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and the information windowsBrowsing spatial features on a map and enquiring for information
about a specific object is a basic task of geographical data exploration in general and especially VGI.
The info window or popup window is an easy solution to allow users to display information on
request about a specific object and to link the geographic data to its relateshaipdréc content
(Sheesley, 2009)Given its wide implementation Web mapping and other fields, it was expected

that info windows would ensure a quick access to the information related to the drawings irea usabl
and effective manner for a wide range of users. However, it was questioned if the default info
window, that has almost become an imposed standard through the popularity of Google Map, was
optimal given the many possible variations on the size, positiok, behaviour that have rarely been
experimentedSheesley, 2009)it was also expected that info window would show some limits in
usability and efficiency when users have to achieve tasks involving the browsing of numerous

features in specific areas of interests, a common task of VGI exploration.

After following the simple steps to get familiar with the software, the participants agked to
provide quantitative ratings on the ease of use of theupaol to display comments related to a
drawing(s). As expected, the quantitative feedback about the info window tool was very good (15
users found it very easy to display a commenhain info windows, 6 found it easy, and 1 neutral)
but several improvements were suggested through qualitative feedibaek. remarksvere directly
about the pojup tool including two on the opening/closing management. In the current statgy$op
canle cl osed manually by clicking on the AX0 sign
opening a pojup on another drawing. While some users suggested that any other click away from the
pop-up should also close it, it appears that the behavibtiveopopup is not that simplee(g.a user
may want to drag the map to get more geographic context while keeping the pppn) and should
be carefully studied for each of the potential actions. The behaviour implemented in the application
appears to & a good compromisg€Sheesley, 2009)Some participants also suggested making the
pop-up draggable to allow the users to move itreir convenience enabling them to browse the
drawings that are obstructed by the qugp This suggestion is consistent with the improvement
suggestedy Sheesley (2009vhere draggable info windows can allow several-ppp to be open
simultaneously. This permits data related to several drawings to be compared without obstructing the
relevant part of the digay. However, it is easy to lose track of the relationship between the multiple
windows and the drawings so ways to maintain strosigal linkagedetween the info windows and

the locations without overloading the display need to be investi¢@teasley, 2009)
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Four other remarks were related to the dynamic linking of the drawings towards the comments
displayed in the comment tabegFigure 3.7). As presented in Sectidh3.5.2 the comment tab is
dynamically |inked to the drawing through the
clicking or hovering a drawing, the related comment is not highlighted icdhenent tab. At the
time of design, it was deemed that the qopptool would be enough to ensure this function and that it
would be confusing for the users if the comments kept scrolling up and down while browsing the
drawings. However, it appears thatesst four users indicated that it would be better if the comments
corresponding to a drawing would automatically show in the comment tab. Therefore, it seems that
brushing and linking from the map view toward the comment tab view should be implemented to
establish as a two way link accordingly to the coordinated multiple view practices.

In the second part of the first section of the workshop, users were asked to browse three comments
related to drawings nearby a river. The aim was to explore the limgatd the popup tool to
spatially browse numerous features in an area of interest. However, the results were not as significant
as expected. Seven participants reported no difficulties at all to achieve the spatial browsing task and
fifteen made suggestis to improve the overall spatial browsing experience without pinpointing the
expected limitations. In retrospect, these results are mainly due to the simple nature of the task
assigned to the users since finding only 3 featuresnediikely enoughto expose the limitations of
the approach. This task was designed to limit the time asked of the volunteers but a higher number of

spatial features should have been used.

Finally, three participants repedthat it was difficult to find or visualize featuregher because of
the lack of landmarks or because of overlapping features, especially when users had no prior
knowledge of the area. These remarks confirm the importance of landmarks as a mechanism for the
users to contextualize the m@Jmnes, 2010)The background map layer only had labels for some of
the street names and landmarks so adding more information on the map could be a soluticer, Howev
this has to be done carefully because the display can be easily overloaded and moreover, getting data
for a secluded area is difficult. In this case, some Type 1 VGI could be useful to serve as base data but
no datasets were developed enough in tlda at the time of the case study. Also, some labels on the
background layer were obstructed by the VGI layer so it would have been helpful if users had an easy
way to turn this layer off without adding complexity to the applicatiime impact of overlappig
features waalready limited by the implementation kifyhlighting based on the colour and the depth

of field on mouse ove(see SectiorB.3.5.9, but it could be improved by combining the existing
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highlighting method with onéiased ontransparency where not only the object of interest is
highlighted but others around are faqRdbinson, 2006)

Overall, the info window has proven to be an easy and intuitive tool for simple information probing
but further experimentation on the more advancedymgesign and behaviour is needed to improve
its efficiency of use. Such experimentation could be facilitated by features recently added to the
GeoExt tool kit that offer draggable pops out of the box. Even though the results did not reveal the
info window limitations as much as expected due tolithéed scope of the task, the info window
appeared to be limited to explore numerous VGI features.

5.2.3 Comment Browsing and Location of Related Drawings

The first section of the workshop also included steps for the participants to get familiar with the tools
involved in finding relevant information and determining where the related drawing is on the map, the
counterpart of spatial browsing. Users can explore comments by scrolling the comment list up and
down. When they identify a comment of interest, they dak on it to have the display centre and

zoom on the related spatial feature or they can simply move the mouse over the comment to highlight
the drawing on the map. The fizoom toodo feature i
have become stdard features of geovisualization and data exploration tools overall. However, they

have yet to be tested more widelyWWreb mapping applications used by various types of users and it

is thus important to determine their usability and effectiveness irctimitext. It was expected that

these two features would be intuitive for the users and useful for random exploration but limited for

targeted exploration.

After familiarizing themselves with the software, participants were questioned on the ease of use of
the comment tab to locate a drawing(s) related to a given comment. This task was rated as easy by 6
participants and as vesasyby 16 participantsT hi s was confirmed by the o
remar ks on the fzoom t baddby althé usersh @ne smalhircconeecniendel y t @
that was observed is that the software uses a fixed zoom level (or scale) for all the drawings. This can
give variable results depending on the size of the drawing and the intended meaning of the drawing.
Onesimple improvement would be to calculate the zoom level based on the feature size, however this
might fail to convey the meaning that the contributors originally had when they drew the features.
Indeed, the accuracy or vagueness of the drawing is linkide tecale at which it was drawn and this

scale may not match with the one that would be automatically calc2ed.ongueville et aj
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2009) Therefore, a better solution would be to record the scale at whith of thedrawings were
originally drawn and use it fareachafeatureThie wag,nthee f or t |
feature fizoom too would be easier to use and the

would be reduced somewhat.

The user ratings and facilitator observations were contradictory concerning the brushing and
linking features. liappears that the brushing feature was not obvious for all the users and that many
relied almost exclusively on the fAzoom too featu
some users who were surprised when the brushing feature was explaiheoh tat a later stage of
the workshop. To make the brushing more obvious for some users, a different highlighting technique
could be used such as the leader lines technique that visually link the comment and the related
drawing together on the screen byngslines (Robinson, 2006, 2009Users who find leader line
visualizationtoo intrusive should be able to switch between different highligiicigniques

Several users who used the brushing feature suggested one major improvement through their
gualitative feedback. The brushing was only implemented on mouselsweeareferred to as transient
brushing since the highlighting of the linked drawing lasts only while the cursor is on the comment.
This was found to be confusing by several users as they would highlight a feature and then try to
move the cursor to it omé map and the highlighting would disappear since the cursor was no longer
over the comment. To address this issue, the transient brushing can be completed by a durable
brushing that consists in triggering the highlighting when clicking on the commelkieapithg it on
until another comment or the same comment is clicked on as implementédAndrienko et al.

(2002)

Finally, in the second part of the first section of the workshop users were asked to find a specific
type of features (in this case trails) by using the simple list of comments. Thpéegcipants
reportedthatthe task was tedicuand suggested that a search function that highlights keywords in the
comments would be more useful. As these results were expected, the next section was designed to

determine the enhancements provided by the text filter and the filtering functiongmalgen
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5.3 Interactive Filtering
5.3.1 General Findings

In the second section of the workshop, interactive spatial and textual filtering functions were
introduced to the users and added to the interface (see Seé&ibrg. The users were then asked to
repeat two tasks similar to the ones achdeire the first sectioni(e. finding a specific type of
comments and finding feature in a given area) but this time with theofig¢lpe new tools. The
objective of the section was to evaluate if these tools mitigate some of the limitations encountered by
the users in the first section where only basic features were available. A parallel goal was to assess the
usability of these feates for the various users. It was expected that the filters would improve
significantly the data exploration experience for the users without major usability issues. It was also
anticipated that the text filter would be easy for everyone to understanssarsince such functions
are similar to what is found iWeb search engines. Before presenting the specific results for each

type of filter, some general findings about the

A major finding that emerged from varioubsgrvations and participants™ feedback is the need for
the software to provide more visual cues concerning the current status of active visualization features
such as filters. Such information can be about the content of a view, the status of a viestgfmei
if a view is being refreshedr has been refreshedhe parameters used to generate a view (for
instance if a filter is being applied to the view content), the linkages between the different views, or
any other information that is difficult for ¢husers to remember while interacting with the tools.
These pieces of information help the users to use the tool more efficiently as well as they avoid
potential misinterpretation of the data visualization. The development of techniques to display
contextal information about the visualization constitutes acaas theme of thgeovisualization
researcheferred to as metaisualization(Roberts, 2008; Weaver, 2004, 2005)

In the case of MapChat Viz, some users were seen to misinterpret the data they visualized because
they had forgotten that the spatial filter or text filters were enabled. Although it was possible for them
to check if the spatial filter box was ticked orifvord search was entered, more obvious visual cues
are required. To make this information more apparent and understandable, it would be interesting to
use a watch window that would display and centralise in one place a summary of the information on

the datus of the filters along with other relevant information such as the geographical extent that is
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being used for the spatial filter or the word(s) currently used by the text(MemEachren, Brewer,
and Steiner, 2001)

Moreover, several users reported that they would like an explicit indicator that notifies when the
commer list is being refreshed. Currently, when a filter parameter is changed (e.g. new spatial extent
or a new word search), the user cannot determine if the content has been refreshed or if the content is
obsolete and is being refreshed. This can be fixeadoyng a symbol such as a spinning wheel over
the comment list that notifies the user that a calculation is being performed. Providing informative
feedback from the system to the s&xr one of the usability golden rules so this issue shuave
been avied by doing athorough usability heuristics studpat was not done due to tliene
constraing of the projec{Haklay and Nivala, 2010; Nielsen, 1993, 2005)

The need for such metasualization techniques becomes even greater for advanced use. For
instance, an expert geipant reported that using the two filters in combination was very useful.
However, it has been observed that most novice users got confused when having both filters
activated. In this case, the understanding of the combination of the features caigdifieantly

eased through metasualization.

5.3.2 Text Filter

To evaluate the merits of the text filteol for comment browsing, thgarticipants were asked to
find three comments specifically related to wildlife. Text search tools have become widespread
especially through the use of search engines. Therefore, as expected, the comment browsing task with
the help of the text filter was found easier by 4 participants and much easier by 18 participants.
However, since many patrticipants are used to advancechsemls that permit searches based on
several keywords and optionally logical operators, they reported that MapChat Viz text filter was too
i mited. The software | ogs actually testify of
deer 0 dor frewi+tl deer 0 that did not return relevant
Although, the text search was implemented in a basic form due to time constraints on software
development, these findings show that a classic search engineaepshould be implemented.
Other smaller improvements requested by participants include highlighting the keyword within the

comments and providing an indicator of the total number of comments retrieved by the search.
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f Browsing

Filters.

Spatial filter: [] Turn on/off
Textfilter: wildlife X P
Comments

14 [user24]: This areais an important

7

2

s

connectivity area between two CL Wildlife
Habitat Management Areas and the forest
cover is important to maintain. Also value in
connecting for public trails between.

[user24]: This is a piece of

[Reply by user24]:This is a piece of Crown
Land, currently designated as a Wildlife Habitat
Management Area. It has very nice network of
trails, a scenic lookout and two lakes.
Currently it has no public access. Under S 75?
Lands Title Act all lakes

[user24): This lake could be an important
feature to add to Wildlife Habitat Management
Areain future, particularly in the area between
lake and the WHMA. At the least, any future
residential or agricultural development should
maintain the habitat and connectivity between
lake and the WHMA and be done with
sensitivity.

[user50] This asset is called " Groves of giant
cottonwoods (here and closer to Telkwa),
partly on Crown land, partly on private (mine)
". This asset is used by the community for
Birdwatching, wildiife habitat. It has been an
asset for More than ten years. This asset is
used by 11to 20 people a year. Number of
times a year | use this asset: 6 or more. This
asset is Very important, because very
important to wildiife (bear hibernacula, habitat
for cavity nesting and bivouacking birds and

Figure5.3:Dr awi ngs

Beyond the simple comment browsing, the linkage of the text filter and the map through the

SECTION: 2

Taskl: Using the spatial filter, find 3 map drawings that are near a lake
Task2: Using the text filter, find 3 comments related to wildlife.
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coordinated multiple view techniques such as the brushing and linking to improve the exploration of

the spatial and thematic relationships between the multiple contributed commentsaandsdra

5.3.3 Spatial Filter

To experiment withthe spatial filter toolthe participantswere askedo identify several drawings

located in a given area, in this casear a lakeSpatial filter functions are not as common as text

filters and moreover it invole spatial concepts specific to mapping applications. It was thus

expected that the spatial filter would be more difficult for some people to understand compared to the

text filter. Surprisingly, the spatial filter received a good rating from all userssfédal browsing

task with the help of the spatial filter was found much easier by 15 participants, easier by 5, and the

n

same by 2. However, these results are somewhat suspect since the facilitators observed that several
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participants did not take advantaghe spatial filter to complete the spatial browsing task more
efficiently but instead they opened the info window on each of the drawings they reported as they did
in the first section and did not see the utility of the spatial filter. These obsenat@oosnfirmed by

the software logs. All of the usedid activate the spatial filter anekperimentedwith it as the
workshop script requested. However, thirteen uepenedthe popup on each of the features they
reported in their answer to the task wédees only five participantsicluding four expert users did not

use the pojup at all and fouused the popip once out the three features they were asked to report.
This divergence between the rating and the actual use of the software can be explaireashyf

the respondents who trying to answer based on what they think the facilitator would want rather than
a judgement purely based on experimentation. While the quantitative rating results need to be
mitigated, seven positive qualitative feedbackamtyeshowed that they understood how to use the
tool and specifically mentioned the easiness and intuitiveness of the tool.

The fact that some users did not use the spatial filter is partly due to the problem in the task
definition identified earlier. Sire the task was too limited in scope, most participants did not feel
compelled to experiment with the spatial filter to complete the task and preferred to use the basic
exploration feature such as the info window and comment list. Beyond the issue dfdfndd
task, this shows that the feature could be made more useful and intuitive for novice users. As
mentioned in the general finding section, more visual information is needed to inform the user of the
filter status and context. For instance, a watdhdow could display a flashing red ribbon that

informs the users when the spatial filter is active.

Another explanation for the limited use of the spatial filter is the way the spatial extent is defined.
During the software design, the decision was ntadese the extent of the screen display as the extent
of the spatial filter to make it easier to use. This ease of use was confirmed by seven qualitative
answers. However, it may not be the best solution in all cases. Indeed, a user reported thadlthe spati
filter was only useful when zoomed in but not really useful when zoomed out because of the
numerous comments in the list that makes it inefficient. Another more minor issue reported by a
participant is the fact t haingapsapupeovetbemamdisplays uc h
which makes the users lose their intended spatial extent. To address these issues, one path to explore
is to add an optional polygon or free hand selection tool that can be used to define the extent taken
into account bythe spatial filter(Roberts, 2008)However, this has to be done carefully not to

complicate the default interface as it will likddg more useful for expert users.
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5.4 Clustering

Due to the freedom inherent to the process of VGI generation, data can accumulate and overlap in
some areas. Data clutter can significantly hamper the visual exploration of VGI while at the same
time they carprovide useful information on the spatial repartition of the data collected. A distance
based clustering approach was implemented in an attempt to mitigate these issues (see Section
3.3.5.9. Participants were first guided through a series of steps to get familiar with the clustering tool.
They had then two complete tasks of identification of areas of high concentration of VGI. Based on
these activities, the partiants were asked to provide feedback on the clustering tool in terms of
improving map legibility and identification of areas with high concentration of drawings. It was
expected that participants would be able to interpret the proportional mtatevely easily and its
symbology and therefore would consider it as an important help for data browsing and map reading.
Concerning the identification of drawing concentrations, the hypothesis was that the users would have
some difficulties to quantifthe number of drawings with the regular map display and thus the
clustering function could bring them some insights on the spatial repartition of the drawings.
However, it was expected that the simplified representation of the clusters could lead to some
misinterpretations and questions on the accuracy and legitimacy of the clusters identified by the
application.

5.4.1 Map Legibility

The patrticipants were guided through a series of steps to experiment with the clustering feature and
its related aspects such as tharious symbolizations available and the adjustable clustering distance.
Seventeen participants answered that the map was easier or much easier tthrtdas chistering

activated (se€igure5.4). These participants explained that the clusters simplify the map by limiting
the number of overl apping features and clutter,
distribution. This confirms the hypothedizat users can beverwhelmedby the original drawings

and their numeroushapeghat are hard to separate out as their colours and contours blend together
hindering the map reading. The aggregation of the drawings in a small number of proportiorsl circle
reduce the density of information on the map and isolate distinct symbols from the background which

makes the map easier to process for the reader.
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Figure5.4: Map legibility with the clstering feature

However, four neutral ratings were also given by participants. These participants commented that
each representation has its own advantage. The clustering gives a good sense of density and the
number of drawings but it lacks important infation such as the types of features (points, lines, and
polygons), direction and coverage which can be found in the regular representation. One participant
even judged the map harder to read with the clustering function as he/she did not like thatabe abs
cluster representation hides the exact nature and position of the features. This confirms the fact that
individuals can possess different Aigl obal cogni ti
understanding as reported blacEachren (2004 p. 202Fonsequently, they influence the impact of
the visualization tools on the individsaand as such they have to be taken into consideration at the
time of designMacEachren, 2004)

These cases underline the factttlias essential to allow the users to switch quickly from one
representation to another to enable them to explore the various aspects of the VGI, facilitate the
understanding of the clustering representation a
possible in the application to switch the clustering function on and off which was satisfactory.

However some enhancement to this capability can be done as suggested later in this section.

One of the main aspects of t chugering &eatdras dsitipea nt s 6 u
symbolization of the clusters. Participants were able to switch between three types of symbolization,

one using only the size to represent the number of drawings aggregated in a cluster, one using the size
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and a label indicatinthe number of drawings, and one using a colour scheme in addition to the size
and the label (sekigure 3.11). Fifteen participants preferred the symbology that was based on a

combinationof circle colour,sizeand a labelqee Figure5.4).

Despite the fact that one participant mentioned that the circle sizes were very easy to visualize, a
majority of participants preferred to have the two visual variables to portray a single afiréute
number of feattes clusered). This aligns well wittslocum et al. (2008)ecommendation to use
redundant symbolizen for geovisualization tools as well as witacEachren suggestion @4, p.
88)t hat Afcombination should be useful in univar.i .
di scrimination while reinforcing appearance of
are also supported bobson's (1983experiment that showed that using the combination of
variables (size and color value) improves the time and accuracy aiftmenation processing over
using size alone. Moreover, the participants also preferred having labels that specifies the number of
drawings. This confirms that using anchors such as legend circles or labels is an efficient technique to
help the user judgenhé relative magnitude of the symbols in addition to the perceptual scaling
methods which are questioned by practition@ieicEachren 2004) Overall, it appears that it is

recommended taseredundant symbolization along with anchors to facilitate the exploration of VGI.

Even though seventeen people rated the clustering feature as simple or very simple, four people
rated the feature asomplicated and facilitators observed some misinterpretations from some
participants ¢eeFigure 5.5). Two users intuitively thought that the circle sizes were rélabethe
clustering distance or, in other words, that the symbol area represented where the drawings are
located. However, the two are not related and the centres of the clustered featnotsacessarily
included in the circle representing the clugiewrice versa, drawings within the circle might not be
part of the cluster (seéigure5.6). For instance numerous features could be located in a very small
area andyenerate a large symbol whereas a few features apart but still within the clustering distance
generate a small symbol that does not cover them. This effect is even worsened by the fact that for
lines or polygons, only their centres is taken account foclimering calculation and therefore the
drawingthat is includedn a clustercan span far outside the cluster symbol. These issues were also

reported by two participants6é qualitative answer
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Figure5.5: Reported omplexity of the clusterindgunction

Figure5.6: Example of misleading cluster representation

There are a few approaches that could alleviate these issues. First, allowing users to easily reveal
the individual drawings contained within a given cluster through simple mouse over events could aid
user comprehension. Second, a simple representatithe aflustering distance directly on the map
woul d greatly enhance the usersd understanding as

distance actually represents on the map except by performing calculation with the scale bar.

Another solutioncould be to implement other clustering methods where the clustering distance is
directly represented such as the dvased approach. However this method has also serious

limitations due to the modifiable unit area problem as mentioned in S&c8d&4
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5.4.2 Identification of Areas of High Concentration of VGI

The participants were asked to complete two tasks relative to identifying areas of high
concentration of VGIIn Part 3a and 3b of the workshop, they were asked to circle three areas they
thought had an important concentration of user drawings using first the regular map display (manual
method) and then the clustering function. As mentioned in SeBtiprsome participants forgot to
save their drawings or got confused with the section numbers so their circling was not saved properly.
Thus, the polygons of only twelve paipants were taken into account for tiesults of this section
(seeTable5.2). However, quantitative ratings and qualitative feedback of all the participants were
considered as they were not flawed.

User [1]|2]3]4]5]6]7]8]9]10]11]12]13]14]15]16]17]18]19]20]21] 22
Origin uw Bulkley Valley

Level Expert N Ex | Ex | Ex
Section 4 | 3| 3 3|3 3|3

3a
Section

3 |3]3]3 43 3 3|3
Sezt'onl 11111 1 1|11
Setons|3l3|3|3|2|3 1 3|21

Note: Ex= Expert; N= Novice

Table5.2: Number of drawings saved by user and by.part

To study the participants6é use of the clusteri:|
summarised by two raster maps presentdeignre5.7. Togener& t he t wo rasters, t
polygons were first coded with a value of one inside their area. The polygons were then separated in a
series of independent files with a file for each participant and each method so twelve files for each
method were geerated in total. These vector polygons were then rasterized to produce rasters with a
value of one inside the outlined zones and zero outside. The raster of each participant were then
added together for each method to finally produce two rasters withvalekks representing the
number of times the cell has been judged as an area of high concentration by the participants. Along
with the summary rasters, calculations were performed on the vector polygons to present statistics on

the polygons drawn by the pigipants (se@able5.3).
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Manual

Clustering

Manual

Clustering

Sum of Sum of Difference Difference

: : between thetwo Number of Number of between the
User C;rglzg C;gzg approaches assets assets two

(sqkm) (sqkm) (sgkm) contained contained approaches

1 48.96 10.21 -38.75 42 38 -4
2 25.44 28.83 3.40 63 57 -6
3 112.14 60.18 -51.96 90 76 -14
6 4,12 71.54 67.42 4 76 72
7 161.02 162.40 1.38 114 113 -1
10 33.64 6.76 -26.89 11 8 -3
11 51.71 213.95 162.24 38 118 80
12 93.19 64.76 -28.43 5 10 5
15 113.50 10.80 -102.70 28 15 -13
19 27.90 32.94 5.03 53 48 -5
20 63.47 46.34 -17.13 60 62 2
21 155.19 88.14 -67.05 101 84 -17
Total 890.29 796.84 -93.45 609 705 96
Average 74.19 66.40 -7.79 50.75 58.75 8.00

Table5.3: Statistics about the identification of areas of high concentrations of VGI
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The results of the manual methodTiable 5.3 show that participants adopt various behaviours
when asked to circle areas that they think have a high concentration of VGI. The majority of
participants use relatively large polygons and encircle an important number of drawings but some
participants use small pgons and/or circle only a few features far from the actual areas of
concentrations (se&able 5.3 and Figure 5.8). These two behaviours resemble the atomist and
generalist profiles thaMcCleary (1975)identified in an experiment where participants delineated
zones of different densities on a dot map (Sigere5.9). According to McCleary, the generalists are
able to grasp the overall pattern and draw only few simple lines whereas the atomists focus on details.
Even though the reasons behind these individual differences are not clear and have yet to be
investigatedurther, their potential influence on the use of the visualization functions and the meaning
derived from VGI need to be consider@dacEachren, 2004)n our case, by comparing the results
of flat omi st I i ke o pedrilt (secFigureb8)t isappearsctiat thte <lusters@ r 6
functions might play a role in changing the strategy employed by the participants since both users
switched from small areas to bigger areas. However, others like user 10 seem to be still focusing on
details. While this is interesting, a larger number of pgdicis is required to verify the impact of the

visualization tools on the different cluster identification strategies.

Manual method Clustering method

Legend
userid

6
o V

"

12
s

&

) ovr

Figure5.8: Areas identified by users focusing on small areas or d smnaber of features.
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atomist generalist

Source: adapted froicCleary (1975)

Figure5.9: Example of the atomist and generafistfiles

The overall results presentedkigure5.7 shows somsaignificant differences in the areas of high
VGI concentration identified with each method. Among these differences, one zone situated on left of
the map brings some insights on the impact of the clustering function. This zone corresponds to a set
of a fewlarge polygon drawings overlapped by a few points and lines. It was circled by about half of
the participants with the manual method. However, this zone does not have an especially high
concentration of VGI. It seems that with the regular map displaypdhtcipants were not able to
guantify the number of the drawings shown on the screen and relied more on the immediate

impression provided by the map

These results can be explained t&ferring to the theories of human visual perception and
cognition tha are involved in map reading in general and particularly in the task of identifying areas
of high concentration of VGI. Three fundamental concepts of visual perception are particularly
relevant in this case, namely perceptual grouping, figuoend segrgation and visual attention.
Grouping refers to the way our vision define groups of elements from the sensory input. Based on the
Gestalt psychology laws of groupingacEachren (2004Hdescribes nine rules for perceptual
grouping. The first two rules, proximity and similarity, are the most relevant here. Proximity refers to
the fact that we tend to groupjebts that are close together. Similarity refers to the fact that we tend
to group objects with similar characteristics such as colour and shapes. A second major element of
our perceptual organization is the figtgeund segregation concept. It is summpdyMacEachren
(2004, p. 107as WAfi gur es t hat aindive &antthe dackgrownd ane ofteni on a
appear to be in fr on-groumdfsegredation progasisianataaterised byesix f i g u
factors. Heterogeneity and contour are the two most relevant in our context. Heterogeneity refers to

the difference btween the figure and the backgrouedy(a colour difference) and contour refers to
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the sharpness of the figure boundaries and directly relate to the heterogeneity. Finally, visual attention
refers to the fact that our vision is selective and is dirgdct@docation or an object with more or less
precision comparable to a zoom IdMacEachren, 2004)As a result, a broad initiaiaw of a map
captures only coarse features and then attention is progressively focused on particular features. The
location of the attention is influenced by the properties of the map symbols. These three cobecepts (
grouping, figureground and visualtgention) interact with each other in complex ways to produce a
representation from the perception of the map. Higher levels of cognition also intervene during map
reading (e.g. mobilisation of knowledge and ldagn memory), but in our case these aspaaaot
considered in details as they appear to play a lesser role as suggestacHaghren (2004, p. 71)
AFrom a cart ogr aleveliissuespotgrosigng seem maost, releVant ior exploratory
cartographic visualization in which limited attention will be directed to any one map view and the
goal is to notice patterns and relationshipo.

Building upon these principles, it appears ttia drawings on the left side of the map (Begire
5.7) attracted the visual attention of the participants because of a betterdigured segregation due
to the presence of riger polygons that contrast well with thmagery backgroundThis initial
perception obscured olominatelpar t i ci pant s 6 as s emsheimdemtificationfof f eat ur e
areas of concentration. Improving the symbology and the background datanitigéde this issue in

some cases but it would not be sufficient overall, especially in dense areas.

The clustering function helped the participants to compensate the potentially misleading first
interpretation by giving them another view of the data wkiclises on the number of features rather
than the area that each drawing covers. As a consequence, in the second task only two people circled
the zone on the left of the map since it was not particularly stressed by the clustering function due to
the lownumber of drawings. Instead, their focus was placed onto three other zones that had received
less attention with the first method. These three zones have an actual concentration of VGI and as
such were emphasized by the clustering function by circlesrgingasizes. Therefore most of the
participants identified these zone as areas of high concentration of VGI which results in two black
and one dark grey areas in tRigure 5.7 that correspond to the areas outlined by the participants
around some of the major circles or groups of circles generated by the clustering function. In this
second task, the grouping of circles was mainly formed based on their proximity afaditgim

accordingly to the perception principles mentioned above and to the resuapim (1983)
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experiment. He shoed that proximity, similarity and figurground segregation are the three main
factors in the identification of clusters on graduated point meges-{gure5.10).

Note: in gray, the grouping predicted by Slocum; outlined in black the grouping done by the participant
Source:Slocum (1983)

Figure510Resul t s from Sl ocumbds experi ment

These findings were confirmed by the subjective ratings of the participants. Eighteen people
thought that it is easier or much easier to determine areas of concentration with the aid of the
clustering function (sed-igure 5.11). These ratings are further conf
gualitative feedback which indicated that it was easier and quicker to use the clustering function
because it limits thguesswork that it is necessary with the regular display due to the various sizes
and types of VGI.

Even though the results show that the clustering function gives the users new insights on the data,
they also exhibit some of its limitations in term ofca@cy and effectiveness. Indeed, since the
clustering function helped the users to focus their attention on areas of high concentration of VGI, it
is expected that the users should perform better at identifying them so the polygon they drew in the
secondtask should encompass more VGI elements than in the first task. Hoviabé5.3 shows
that, except for two notable cases related to the atomiavizeln mentioned earlier (user 6 and 11),
the number of assets contained is similar or even smaller than with the manual method. Several

reasons can explained this unexpected result.
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Participants focused on the cluster representation and mainly endimelgzbint symbol of the
cluster. However as mentioned in the previous section, the point feature is a symbolization of the
number of drawings within a cluster and it does not correspond to the actual area within which
drawings are aggregated. This undextimgain the fact that the link between the real features and the
clusters need to be reinforced in the application to allow the participants to determine where the
actual drawings are located. Furthermore, the location of the clusters can sometime®ximatep
and confusing for the users. In part, this is due to the simple algorithm that uses the centre of the first
aggregated drawing as a reference for the clustering distance and the location of the resulting cluster.
As a consequence, the location daa misleading and is another reason for the equal or poorer
performance with the clustering function. The limitations of the algorithm caused another point of
confusion reported by one participant. Due to the fact that the drawings taken as references for
creating clusters change at every map move, the clusters locations can change significantly when
zooming in and out and it confuses the users. These issues coincide with the ratings on accuracy by
the participants that include three and seven participaspectively rating the clustering as less or

equally accurate (sd€gureb.11).

As mentioned in the previous section, these various issues catidgaad by allowing the users to
quickly switch from one representation to the other when moving the mouse over a cluster. This
solution also facilitates the understanding of the clustering process and limits the black box effect that
is felt by some pedp. Moreover, thalefaultalgorithm could be improved to make the representation
more intuitive, for instance, a cluster can be located at the average centroid of all the aggregated

drawings.

Participants also expressed some concerns about the meanimg dfisters. One person was
concerned about the fact that the number of dr awi
or assets while the density is not necessarily important while another participant mentioned that a
cluster can be made up ofateres that are not necessarily related together in term of coAtent.
mentioned in SectioB.3.5.4 these concerns are legitimate and call to better inform and educate the
participants on how to derive information from the visualization to avoid misinterpretation. These
concerns could alsde mitigated by allowing enabling users to have more detailed cluster
representations that take into account the number of replies about a drawing, the text filter entry, or
the themes ais was started to bdone with the pie chart representation thas waplemented but not
fully tested (seé&igure3.14).
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Figure5.11: Participants ratings relative to the clusteriegtures.

Overall, the clustering function helped the users in their exploration of VGI by giving them new
insights on the data. However, the simple representation was sometimes too abstract or misleading
and should be enhanced. These findings on theecingtfeature should also be complemented by a
study on the influence of the scale at which the users operate when they browse the data or identify
clusters. Scale has important influence on the use of the clustering feature as it modifies the clustering
distance and representation. This influence is confirmeddweral usersvho mentioned that the
clustering features was much more valuable withclbstering distance slider ary the software
logs that showheavy use of the slide However, the analysisf the distance slider and map
movements data is out of the scope of this thesis. Finally, other ways of highlighting concentrations
such as heat mappirig term commonly used on the Internet to refer to a ovaplayrepresenting a
2D density estimate usually symbolized withhermatlike colour schemp that is becoming more
and more common on the Interreetdis staring to be applied to VGlshould be investigated and
comparedWhite and Roth, 2010)

5.5 Tag-based Visualization

Building upon the tagging systems that enable the categorization of unstructured VGI, two tag
visualization features were implemented in MapChat Mike tag cloud and tag list features

permitted the users to view a summary of the tags associated with individual comments along with
their respective number of occurrences. Combined with interactive linking and brushing, and spatial

filtering techniquesthey also enabled users to study the spatial distribution of the tagged comments

133



(seeSection3.3.5.5. The main objective was to evaluate the merits and flawrsedfag visualization
features for the exploration of VGI. To do so, participants were first asked to circle an area of their
choice so each participant looked at a different part of the study area. They were then asked to report
the tags of the area thqyicked ordered by number of occurrences. It was expected that the
participants would value these features as they help them to deal with one of the main practical
limitation of VGI, the lack of structure. Moreover, it was anticipated that despite theeeatatelty

of these concepts and visualization features, the participants would be able to complete the task quite
easily based on their growing familiarity with the overall application and its underlying concepts such
as linking and filtering. The secoa goal of this task was to determine whether the tag cloud was as
useful and usable as its wide popularity amoigsb developers suggests or whether it was mainly a
trendy design. As mentioned bjearst and Rosner (2008, 2008)e actual purpose and usability of

tag cloud are still being debatetus it was expected that users would have mixed feelings about the
tag cloud and would likely prefer the tag list because of its clearer and simpler design.

Most participants judged the theme visualization task as @dsgeople)pr very easy9 peopleto
conplete, except twearticipants who rated it neutrdlowever, the users had different preferences
as to which tool to use to complete the tasks. Ovdrallisersreported that thepreferred to use the
tag listover the tag cloud and they accordinghtedthe tag list as easier to use and more ugefd
Figure5.12). The participants who favoured the tag list mentioned the facthbarrdering of the
tagsaccording to the number of occurreneeslthe explicit displayof the number of occurrences
wereeasier to understand and use thanalbpbabetical ordering and the variable font size of the tag
cloud These findings align well witthe results of the few previous experiments on tag lists and tag
clouds that have shown that users perform better astérfon tasks such as tag identification and
impression formation (i.e. getting an overview of the data) with frequency ordered tag lists than with
tag cloudgHalvey and Keane, 2007; Rivadeneira, Gruen, Muller, and Millen, 2@dfe of these
participants, especially novices, were confused by the tag cloud visualization and questioned its
useful ness. Five people gave a usefulness rating
tag cloud was not necessaryo. These findings conf
tag cloud visualization. They either find it messydo not understand the meaning of the font size
(Hearst and Rosner, 2008)

On the other hand, two users liked both visualizateatures mentioning that the list was good to

get precise tag counts whereas the cloud was good to get an overall impression of the tag distribution
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and five users preferred the tag c¢cloud with on
g r e aeekiguré5.12). Six out of these seven people were very familiar with GIS and the Internet

and mostly young. This confirms the previous findings ordtfierence of responses to the tag cloud

between expert and novice users. However, since the expert users were likely already familiar with

tag cloud type visualizations, it also means that with a bit of practice the tag cloud can become an
interestingalternative for information discovery tasks although they are limited when looking for

specific information (Lohmann, Ziegler, and Tetzlaff, 2009; Sinclair and Carthall, 2008)

Furthermore, as explained biearst (2008, p. 3yather than being a good analysis tool, the tag cloud

are a good indicator and conveyertbé feeling of the human activilyy s howi ng t hat i
people actively using the information, commentimgoi t , and categorizing its

The layout and visual design of a tag cloud have been proven to have an important influence on the
user 6 s p dbohlmann rataah,c2009; Rivadeneira et al., 2007; Seifert, Kump, Kienreich,
Granitzer, and Granitzer, @8). Thereforethe overallpoor rating of the tag cloud may be attributable
to some extenb its very basic implementation MapChatViz. The appearance and layout of the tag
cloud can be improved significantly by following more best pract{€eedman, 2007; Lamentia,
2007a) improving the layout algorithrSeifert et al., 2008and adapting the layout to the various
exploratory task¢Halvey and Keane, 2007; Lohmann et al., 200®r instancea circular layout

with decreasing popularity may have been more approfioatke task given to the participants.

5
4.5
4 -
3.5
3 -
2.5
2
1.5 -
1 -
0.5 -
0 -

m Usefulness
average

m Easiness
average

Tag list Tag cloud

Note: left graph: 0 = not useful, 5 = usefight graph:0 = complicated, 5 = simple

Figure5.12: Ratings of the tag list and tag cloud
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To verify t subjectiveaavauations pna gaingndights on the use of the features, the
success of the participants at completing the task was evaluated by using the software logs. A
reference tag summary was calculated for each user by determining the number ohcesuwfe
each tag within each participantds area of intere
to the participantsdé answers (see Appendi x A, Sec
To ensure that the recorded areas of intevese valid, the calculations were performed only for the
thirteen users who had saved correctly their wedeTable5.2). Table5.4 presents a sample of the
data compiled for this discussion that is repres
answers. Overall, the software logs confirm the positive r t i cratipgaby teweding a good
success of the participants at completing the ¢tk no major error and five out thirteen users who
completed the task very well reporting the most frequent tags in the right idoleever, they also
showsomemuances as some inaccuracies in the particiorpg
thirteen users who reported mostly the right tags but with some slight or important inaccuracy in the
ordering. These results suggest that some limitationsinbothVisuz at i on features hind

performance in the task.

Userl User2 User3 User5 User7 Userl0
calculated user calculated user calculated user calculated user calculated user calculated user
order (# of order (# of order (# of order (# of order (# of order (# of
answer answer answer answer answer answer
occurrence) occurrence) occurrence) occurrence) occurrence) occurrence)

IR@®) | Tr | PN®6) | PN | Tra9) | Tr | RF@) | LF | PN(26) | RF | LF(7) | LF
Tr(5) | LF | LF(6) | RF | LF(11) | Ac | FF@®) | Ac | LF(20) | Tr | RF(5) | PN
RFGB) | IR | RF@) | IR | Ac(10) | LF | LF(@) | Tr | RF17) | LF | PN(4) | RF
Ac(5) | Ac | IR(2 | Tr | FF8) | FF | EF(2) | RF | EF(8) | PN | EF(3)
FF(5) | RF | Tr(1) | LF | IR(7) | RF| Ac(2 | EF | IR(®6) | EF | IR(2)

AN (3) | FF RF(7) | IR Tr (1) Tr(5) | Ac Tr(1)
EF(2) AN (4) Re(3) IR
LF (2) EF(3) Ac (1)
HRF (1) HRF (1)
PN (1)
Correct tgs with | Correct tags with | Strong Correct tags with| Correct tags with| Strong
small inaccuracie{ small inaccuraciej correspondence | small inaccuracie| important correspondence
in the ordering |in the ordering | between actual |inthe ordering |inaccuraciesin |between actual
and reported the odering and reported
answer answer

Note Ac = access; AN = access needed; EF = environmental feature; FF = future feature; HRF = historical recreational

feature; IR = issue raised; LF = landscape feature; PN = protectierded; Re = resource; RF = recreational feature

Table5.4: Sample of the theme reviewing task results
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One explanation for these results is to be found in the spatial interactive filtering element of the
visualization functions. As with the spatial filter of the comment tab, the tag cloud and tag list
contents were continually refreshed according to the drawings contained in the extent of the map
being viewed. While this basic spatial filtering can producagastimmary for a limited area quickly,
it can be difficult to use effectively the user focuses on naegular areas. Some participants who
defined complex areas of i nt er elswouldibanick to ereateh e me r
a cloud ad list for a selected aréa o rouldinbt fine themes for just my polygpbn To addr es s
issue, the users need a manwal (i.e. freehand lasso or polygon) to select the dhey want to
filter the tag summary ofRoberts, 2008)Another more minor issue was caused by the fact that the
tag summary spatial filter was constantly activated. Evengh it was explained in the workshop
script, this was not obvious for certain users who misinterpreted the visualization. As mentioned
previously, metavisualization techniques can help to solve such issues by giving visual clues on the
status of the visalization tools to the users.

Like with the comment tabthe brushing and linking could be enhanced by supplementing the
transientorushing on the tag names with a durable brusiinginstance, some users wanted to open
pop-ups on features with a spediftag butwhenmoving the mouséom the tadist to the feature the
highlight disappeared. Furthermore, the durable brushing can permit thdinkree views together
namely, comment tab, tag visualization and map, instead of two at a time. In thisheaya tag is
selected, the relevant drawings are highlighted on the map and the content of the comment tab is
accordingly filtered to display the comments on which the selected tag has been applied. Linking all
the views together accordingly to multipleordinated views principles would provide the users with

more insights on the data and a more consistent user experience.

Fundamental in mapping, the method of grouping spatial features in separated thematic layers that
are symbolized differently cannte applied readily to this type of unstructured VGI since each
feature can be tagged with several themes in a high number of unique combinations. A possibility to
adapt these classic concepts is to combine the linking and brushing with the attribatidiffefent
colour to each tag, as suggested by a participant, and to use this colour to highlight the related
drawings on the map instead of using only one colour. This way, each feature is then virtually
contained in many layers (i.e. a layer could beat¥d for each tag) that can be visualized
temporarily. Adapting existing core cartographic concepts is particularly interesting because the users

can build upon their existing knowledge to use and understand the ne{Mitachren, 2004)
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However, this idea needs to be investigated further because, depending on the methods used for
tagging, the nmber of tags can potentially begh and the associated colours becomes hard to
distinguish as people can discriminate only about ten colours veryMagtEachren, 209).To finish

this section on linking, it is worth mentioning thahertypes ofvisualizationssuch agag mapgi.e.

tag cloud anchored directly on the map) can be interested to link the tags to the maps and need to be
further investigated as done Blingsby, Dykes, Wood, and Clarke (2007)

As with regards to thelustering,some participantsx@ressed concerns about the fact that the
frequency ordered list or the tag cloud highlight quantity and frequency and as a consequence seem to
amalgamate these measures to the more subjective concept of importance. These fears align with
some of the critisms on the tag cloud reported Hegarst and Rosner (2008, p. 16@)er the tag
cloud is caonbiiadertdwarsdsi popul ar i deas aAsd t he
mentioned above, determining popular locations or themes is important but it is only one of the many
possible perspectives on the data and useses toakeep in mind that this apparent popularity is likely
biased by the characteristics of the people volunteering the information, such as their interest, the

places they frequent, and their access to the technology.

As mentbned in Sectiod.3.2 a free tagging process was simulateapply tags to the VGI to be
able to experiment with the tag visualization featugsce the amount of VGI was rélaely small
and the tagging was simulated, the resulting tags did not present too many limitations, lowever
real use caspaumeroudimitations occurdue to thanconsistent use dhetagsby the different users
(ambiguity: same words are used forotdifferent things synonyms different words are used to
describe the same things, et¢{Mathes, 2004)Besideschanging thanetlods of input for the tagso
usea more rigidsystemwith imposed tagor ssmirigid with suggested tags, the tag visualization can
be enhanced tevork aroundthese issueand take advantage of the tagging richn&ssnesolutions
to investigate are the @sof tag clusteng or hierarchical tagclouds amongst other methods
(Lamentia, 2006)The tag clustering method that has already been provér agsesists in analyzing
the groupings of tags assigned to the data and identifying common clusters of tags. As a result, it can
reduce ambiguity and may promote a better understanding of the data among users as demonstrated in
the Flickr tag search diaja(seeFigure5.13).
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flickr vou aren'tsigned in - SignIn  Help
from YAHOO!

Home  The Tour Sign Up Explore W} Search

Jump to: |jaguar

Explore / Tags / jaguar / clusters

car, classic, auto, cars, etype, automobile,
vintage, jag, british, red

~ See more in this cluster...

zoo, cat, animal, flickrbigcats, animals,

ature, bigcat, wildlife, spots, feline

=

 See more in this cluster...

ferrari, porsche, mercedes

~» See more in this cluster...

quitar, fender

> See more in this cluster...

Note: the searched tag is fAjaguarao

Figure5.13: Tag clustering on Flickr

Overall, the frequency ordered tag list was found by the participants to be a simpler and clearer
way to visualize a summary of the tags applied to the VGI features. On the other hand, the tag cloud
need to be investigated further as novice users and soraa expert users did not understand the
particular implementation in MapChat Viz. It is not clear if the tag cloud would perform better with a
more advanced implementation, a different context or perhaps, later in time should the concept
becomes familiaamong lay usergLamentia, 2007b)Furthermore, both tag visualization variants
can gain significantly in usability and usefulness by enhancimgesaspects of the interactive
filtering and linking. Finally, the process of data categorization through the tagging system is
essential and is by itself a major enhancement that deals with the issue of the VGI structure
mentioned in Chapter 2. One of tharticipants from the Bulkley Valley even commented in the final
opene nded qMHosvanudh @fnmy Bnjoyment of it is the tool, and how much is relief that

someone finally, simplified the data?

5.6 All Tools Enabled

As mentioned in Section 4.4he lasttask of the workshopwas less structured and permittia:

participants to use the software in a more epetied context, to determine if they would be able to
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take advantage of the tools and understand their relevance outside of a highly scripted emvifonme
secondary goal was to compare the usefulness of the features in a data exploration context. This task
required participantto pick a theme of theithoice €.g.wildlife conservation, outdoor recreation...)

and then to identify areas related to tthieme that they would prioritize for special attention in the
community.lt was expected that most users would only use a subset of the simplest tools as they did
not have enough timeauring the workshopo develop enough familiarity with the softwarekoow

when specific tools would be most appropridfe support the results of this section, the software

logs (seeSection3.3.5.6 were used to compile the total numbers of each type of action performed by
each user during the task (s€able 5.5). Given the errors made by the users when saving their
polygons, thdog dataof nineteen users oof twenty two was valid and used for the caltiola (see
Table5.2). Thenumbers of events must be interpreted with caution as they represent various types of
action. Some events represent instant actions such as map moves, mouse over a comment or over tag
whereas others represent lastangions such as the activation or deactivation of a feature like the
clustering or spatial filter (seBable3.1). With the former, the quantity of events is impottemshow

the use whereas with the latter a count of one event can mean that the feature was activated during the

whole task.

The objective of creating a task where the participants are able to capitalize on what they learned
during the workshop did not wo as well as expected. Indeed, many participants did not have much
time to complete given that they had already devoted considerable amount of time completing the
first four sections of the workshop script. This is confirmed by the software logs thathstosight
out of nineteen participants only performed a very limited number of actions and used only a limited
number of features (see the user 1, 4, 5, 6, 11, 12, 16, and 2tl&@b.5).

Notwithstanding the real concerns of time limitations and possible user fatigue, the data collected
in the section of the workshop do provide some insights into how participants valued and possibly
understood the ts. While a few participants used almost all of the tools like user 3 and 7, most used
only a limited number of features (s€able5.5). Similarly, the quantitative ratings (segure5.14)
show that most participantsufind the basic features such as the text filter and thaupdpol to be

the most useful.
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User Total

123456791011121516171819202122Meaby
Event n Event
mlvclf/‘és 2168(138 7 |17|16|15|38|76(13| 6 |25|28|16|43|28|55|12|49(34.32 652
Mouse

over 8 {150{171 O {16| 0 {43/ 0| 0|28/ 0| 0| O | O |41(105 39| 0 |33(33.37 634
comment

ZoomTo| 0 | 8 [21/0|15/0/2|0]loflo]oflofolo|2[3]0]0]s]311] 59
Popup | 1 [14]56| 103 |11]2|2]2]1|1]5]0|5]9]|2|0]4]6.26] 119
Textfilter] 1 | 4 |25/ 00| 12|7|12]l05]0]loflofo|l1]|4|2]|3]|3][300 57
S}ﬁf‘;a' 0o/l1/4|l0lo|1|3|2|0|lo|2|0lo|0|1|4|3|0]|3]|126 24
Clustering 0|0 |10/ 1|1 |(4|5|2|0|1|]0|1|12]1|0|1|3|1|3/|184] 35
Sider |[0lo|1]/o0]lo]o|l1]l6|0o]|o]/o]lofolololofo]o0] 1047 9
Popup | 51 9 110/ 0|0|o|ololololololololololo|o]|o]|o53 10
Paging
0'\\’/'2:1;‘; 23| 161|212/ 13|12 |23|67|16|17|35|20|43|10|164 6 |45| 0 | 14| 0 |38.74 736
Tab 13l 649l 116|7(30/27|1|7]|2]5]|5|3|5]|09]|12|5|10/958 182
change
Toutg"ef’y 43(270/703 23| 67|59 |188 87| 96 | 93| 30| 79| 49 |198/104{208/117| 35 |116 135 | 2565

Tableb.5: Software log compiledor the section 5 of the workshop

Beyond the fatigue aspect mentioned above, these results suggest that either some features were
actually not seen to be useful by the participants or they were not able to determine when a tool was
relevant to use in an unscripted setting. Given the lfettthe most users deemed the features useful
in the previous sections when they were guided, the latter hypothesis is more likely to be correct.
Moreover, it aligns with previous findings that mention that learhiogyy to use a tool, its purpose
and whenit is usefulare three different levels of undwsding(Andrienko et al., 202; Harrower,
MacEachren, and Griffin, 2000lUsers will often need some training and practice to be able to derive
the full benefit from the tooldHowever, in the context of the Internet without the physical interaction
of an in person workshop, trang is difficult to provide. Online tutorials or interactive help within
the tools are solutions that would need to be investigated over static help documéAtaticenko
et al., 2002) The workshop was concluded on a good note because participants left many enthusiastic
remarks on the workshop and the application in the last-epéead question of the workshop such as
fil love the visual upgradest is much more user frienddly d/ery iriteresting. Good planning tool.

Thank you very muchb.
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Note: 0 = not useful at all; 5= very useful

Figure5.14: Reported usefulness of the faatsitoachieve Section 5 task

5.7 Summary of the Results

A series of features were tested during the workshop with the objective to evaluate the relative
merits of the tools in terms of usabilitysefulnesand user satisfaction. Beyond testing the specifics
of the implementation, the aim was to derive conclusions on the concepts underlying the design of the
tools with regards to addressing the issues of browsing and filtering, spatially heterogeneous,

unstructured quantitative data in VGI exploration and visuidiza

Overall, the results of the usability studies can be seen as positive as the users gave very good
guantitative ratings to the various visualization features in terms of ease of use and usefulness,
accompanied by positive and enthusiastic qualitatiemarks and suggestions. However, the
facilitatorsd6 observations and the software | ogs
slightly biased and that some improvement or extra features were needed. Nevertheless, the suggested
enhancementshould be implemented with special care to balance complexity and functionality. This
can be achieved by using development methods that allows for basic and advanced interactions within
one simple interface without adding a burden to novice {bletsen, 1993and metavisualization
techniques to keep the users informed of the characteristics of the visualization envii@oberts,

2008)

From the results of the usability studies, some conclusions on the ideas underlying the tools can be

derived. The psitive results on the comment tab, spatial filter and text filter and throughout the
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workshop show that the browsing and filtering of VGI was significantly enhanced by the multiple
coordinated view practices implemented through interactive filtering, imgisind linking. While

being careful to keep the tools at reach of novice users, these principles could be embraced even
further by implementing full linking between all the views, more flexible filtering tool and durable
brushing. The positive results dine clustering features have shown that the feature was helpful to
give another perspective on the spatial repartition of the data to the users as well as to help them
browse cluttered areas. However, the results have shown that it was not entirelyiaggpfopr
analysis purposes due to the extreme simplification of the representétida.the implementation

could be improved by enhancing the cluster calculation and representation before further testing, it
may be more efficient to keep the spatial ®usg tool for browsingpurposes andnvestigate
alternativespatial density visualization techniquies analysis purposesuch as heat maps that are
becoming increasingly common on the Interi@nally, even though the tagging process was only
simulatel , t he resulting categorization of the dat a
of VGI. The relatively negative answers about the tag cloud should not be seen definitsersas

may get more familiar with the tool anlde implementationni MapChat Viz could be improved and

then further tested. Overall, despite some limitations in the data, these results show the potential of

the geovisualization techniques to enhance VGI exploration.
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Chapter 6

Conclusion

The overall goal of this thesis was to exel the potential offered by visualization techniques to deal
with the challenges related to the utilization of VGhis effort represents a first step towatalsng

better advantage of VGWhose potential is still underexploited. The first sectmutlines the
contributions that were made to the VGI research through the completion of the thesis objectives.
Some of the project limitations are discusgdaghlightingsuggestions to improve future studigégis
chapter concludes with recommendationspgfossible research avenyesemmingfrom the work and

results presented in this thesis.

6.1 Summary and Contributions

The first objective was to establish a VGI typology based on the review of the literature on the
Geospatial Web, PPGIS and VGI. The VGI reseéirt is still relatively young and no other similar

VGI frameworks or typologies had been developed to date. Only few suggestions of ways to
differentiate types of VGI were mentioned throughout the literature. Thus, with no prior complete
framework to bild upon, developing a VGI typology was necessary to provide a foundation to the
thesis. Based on the existing body of literature, a comprehensive typology was elaborated. The
typology defines a continuum that spans the different types of VGI. This comtifsuanchored by

three main types that are identified and characterized by a set of properties, namely scientific
knowledge (SK), local knowledge (LK), and personal knowledge (PK) also referred to respectively as
VGI type 1,2, and 3. This typology was thesed to frame the work presented in this thesis that
focused onType 2VGI. Beyond being a foundation for this thesis, the typology is an important
contribution as it fills a gap in the literature and gives an overview and a structure to the recently
emaged VGI research field that is still unstructured, teeming with new works and ideas. While this
typology is only one of several possible approaches to characterize the different types of VGI, it
provides a structure to explore differences and synergiggebée the various types VGI and it can

serve as a general base to organize future works on VGI.

The second objective focused on reviewing the challenges related to the use and visualization of
VGI and their potential solutions. As mentioned along the thesis, VGI constitutes an unprecedented

source of data due to its distributed creation processtsumiue characteristics. As such, it has the
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power to complement and maybonsome occasions, supersede regular and official sources of data.
Type 2 VGI is especially rich and complex as it conveys types of information that were rarely
mapped in the passuch as qualitative, unstructured and subjective data. However, these
characteristics also raise a number of challenges that hamper its utilization and Inettkted to

fully benefit from the power of VGI. To fulfil the second objective, a seriegesferal challenges

were identified based on the literature on VGI and the unique characteristics of VGI defined in the
typology. This discussion was complemented by a review of the different solutions that have been
investigated to date. Building upon shiroad review, the thesis focused on the challenges related to
information overload and extraction of meaning, and on the solutions using interactive
geovisualization techniques rather than automated and procéssiad approaches. Generic needs
for the visualization of Type 2 VGI with respect to these challenges were identified and generic
solutions based on geovisualization techniques and Inteased tools were discussed. One main
contribution can be emphasized in this work. Even though the use lob¥¢ed geovisualization
techniques have been formalized in the general cofittarower, Robinson, Roth, and Sheesley,
2009) their use with V& has to date been limited to specific implementations spread over the
Internet. Thus, the formalization of the use of geovisualization techniques with respect to generic VGI
visualization needs is a methodological contribution that provides generaligesdiel design future
Webbased VGI software.

The third objective concerned the design and development of a prototype Web tool that implements
some of the generic visualization techniques. The underlying goal was to provide an environment that
brings togeter several visualization techniques in order to evaluate their merits. A secondary
requirement was to make the software accessible to comnhastd organizations that are likely to
take advantage dfype 2VGI as discussed in Sectighl about PPGIS. This objective was met by
developing a prototype with a set of open source components. A number of techniques ranging from
basic browsing to dynamic spatial clustering and theisalization were implemented. Beyond the
specific implementation, the completion of this objective resulted in the contribution of a software
design approach that enables the formal testing and comparison of visualization techniques. First, it
brings to@ther several visualization techniques that were dispersed across the Internet. Second, it
offers the possibility to use the software in a stége fashion to progressively rea the different
visualization toolsin the interface. As a result, it provilea testing environment that limits

confounding factors, offers a gradual learning curve for the participants, and can be easily coupled
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with a workshop script and questionnaire to collect feedback. Few examples of such an approach can
be found in the usdly engineering literature. However, some approximations were made in the
implementation which resulted in some limitations in the data collected. These issues and related
suggestions for improvement are further discussed in the next section. Besgem#thodological
contributions, small contributions were made to the documentation and code bases of open source
projects and more will be made as the code implemented matures. The successful development of this
prototype also testifies of the maturitynch power of the OSGIS projects that permitted to
accommodate the time and resource constraints. They enabled a quick and flexible software
development by providing polished out of the box features along with the posdibitibcess the

source code to delop and integrate customised tools. Additional to the fact that software had no
licensing fees, a qualified and responsgratuitoussupport was received from the open source
community provided that issues were clearly formulated and investigated thiyrtwegore seeking

help.

The fourth objective was to test the prototype tool with a esestion of potential users to assess
the relative merits of the selected techniques. To completabjective, it was necessary to collect a
VGI dataset that is ardaquate example dfype 2VGI and its related challenges. This was achieved
by building upon previous research work involving citizgmerated data collection and the MapChat
software. Even though not a direct contribution of this thesis, this priorchseark is an example
of a successful collection dfype 2VGI that was initially nurtured by universityased researchers
and that was theadopted and maintaindaly the local population for their own interests. Such
examples are rare in the PPGIS litara as the initiatives usually wind down with no real outcome
for the local population. In order to test the prototype with the-giseerated asset data, human
computer interaction and usability engineering methods were employed. As such, this study is a
successful example of lighteight usability testing that can be achieved with relatively little
resources and should therefore be more systemically puiNiedsen, 1994)Another contribution of
the testing performed in this thesis is that while most of these techniques existed in one form or

another, they had rarely if ever been formally tested to prove their usability and utility

As discussed itChapter 5the overall positive results of the techniques evaluation demonstrate the
potential of visualization techniques to mitigate the chgks of information overload and meaning
extraction inherent to the utilization @fype 2VGI. These techniquesnabled the users to quickly

find information that is relevant spatially and/or in term of content arghimnew insights on this
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rich but conplex data that they could not simpigquirewith a regular display. Thus, while many

VGI projecs haltat the contribution step, these results show that simple visualization techniques are
one way to take it further, which can be implemented and integveith existing projects without
significant effors. Beyond confirming that user with previous experience with GIS and Internet are
savvierwith such technique@vieng and Malczewski, 2009his case study has also shown that users
with little computer and Internet experience are capable of taking advantages of geovisualization
techniques.

However, everthoughthese techniques aresgao use, it was stressed several times that it should
not cause the developers and users to forget dahgtvisualization techniques are inherently
subjective; similarly to regular maps that represent subjective representations based on the
cartographe® ¢ h ¢Dodge &t al., 2008b)Therefore, ways to convey criticapatial and
visualization thinking (Goodchild, 2010)through online training or alternative visualization
techniques need to be investigated.

6.2 Limitations

Although the research obja®s were fulfilled with success, this thesis has several limitations at the
research and software design levels. Related to the research design, three main limitations were
identified. First, the recruitment of the participants was done mainly by enthilvdh no specific
incentive besides the personal interest of the individuals in the case study area and/or GIS
technologies. This resulted in a relatively small representation of novice users which induced a bias in
the evaluation results. Ti@solve ths issue, more resources need to be allocated to the recruitment

process andmall financial compensations to the participants.

The overall number of participants (22 in total) was too small to perform statistical analyses but it
was satisfactory to performualitative analysis of the feedback and software usage data collected
(Nielsen, 1993)However, while all the questionnairevere properly completed by the participants,
an error in the saving process of the participa
amount of data available for the analysis of the results of two tasks (only 12 valid results) and
consequentlyeduced the validity of the observatiodsrecommendation for future worksing a
similar approach for software testing is to include even more obvious messdbessoftware to
inform people otheir progression as well as to implement a strict cbsyrstem to ensure that every

user haglrawnthe appropriate number of shapes for g¢ask
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Third, the analysis of the results of the evaluation was hampered by the fact that some users did not
complete the tasks as expected. This was particularly trundolast task which was meant to be
openended to evaluate the tools in a broader context but only resulted in limited uses of the software.
As discussed in Sectioh4.3 these challenges are to some extent related to the fact that tasks are
difficult to define when testing geovisualization tqas they are designetb deal with ilkdefined
problems. However, in this case, it was also due the fact that a lianitednt of time could be asked
from the participants as they were participating on a volunteer basis. Thus, some compromises were
made on the task lengthin an attempt to get the most possible feedback from the users. A
recommendation for future works wlidube to focus on a smaller set of tasks either agreted or
scripted tasks to ensure thwper completion of the tasks

Two main limitations pertaining to the software design are identified. First, in its current
implementation, the software is limiteas to the number of vector objects it can handle without
becoming too slow to be usable. This limitation is due to the fact that all the vector data are loaded in
the client browser to enhance the interactivity but, to date, Web browsers have limiteititiespiab
handle vector datdJntil the necessary improvements are implemented in the broeemstance
through the implementation of the upcoming HTML5 standasdsne workarounds based on a
combinaion of image and vector datarcbe investigatedAn example of such an implementation
can be found in MapChat(Rlall and Leahy, 2010)

Lastly, as the software was implemented agr@otype and proof of concept, it did not fully
comply with the generic design guidelines described in Se8tAsuch as the full linking between
all the vievs. This was mainly due to the fact that each tool was programmed individually. To
develop a more complete visualization application, generic coding structure that manages the views
and linkages should be used as a base for the development. This williremuleasier and more
systematic management of the views and linkages. Examples of such approaches can be found in

geovisualization tool kits such as Improv{¥éeaver, 2004)

6.3 Recommendations for Future Research

As an emerging research fielgbsitioned at the intersection of several domains, the VGI research
has countless research avenues to explore. Several of them can be ideyntigtting upon the
work and results presented in this thesis. First, as discussed in Settigaovisualization can have

severalrolesthroughout the data ploratory process ranging from exploration and experimentation
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with the data to the synthesis and presentation of hypotheses and ideas. While this thesis focused on
the first stages of this process, it is necessary to investigate techniques to enadsesthe perform
successfullythe last steps of the process. Geovisualization metlsodd as the possibility to store

the history of the data handling, to explore different reasoning paths, or to save searches and specific
representationsare examples otechniques that can be used to provide the users with tools to
demonstrate and present information and ideas that they gained through the data exploration process.
As a result, users are able to be empowered through the use of VGI as they can hauwe access
streamlined process from the unknown and complex VGI dataset to a set of information that is
presentable and usable to advocate a case.

As discussed in Sectidh2.4 using geovisualization techniques with VGI is particularly powerful
as it facilitates the exploration of the multiple VGI dimensions and their relationships. However,
several facets of VGI that were not investigated in this thesis should be stutiiegte work. First,
the dynamic aspect of VGI was not exploited. The long standing and recent literature on cartography
and geovisualization abounds with time visualization techniques ranging from the simple time slide to
more advanced animation anittering (Harrower, 2009; Harnger and Fabrikant, 2008; Slocum,
McMaster, Kessler, and Howard, 2008a)d numerous examples of Weased implementations are
rapidly appearing. Second, the three way interactions between users that are at origin of the VGI
creation also need to be invgsted. Such work could include the visualization of the social
interaction through graph visualization or the relationships between different opinions and viewpoints

such as the emergence of conflict or consensus.

While this thesis focused on interactivesualization approaches, two other major avenues to
improve the utility of VGI were mentioned in Chapter 2, namely the use of the power of crowd
collaboration with techniques such fadksonomy and the use of computing and algorithesed
methods with teltniques such as computational linguistics. Investigating further these three avenues
and even more importantly their potential combinations constitute the way forward to improve the
utility of VGI for the society. The needs for such advanced technigussc@ming more and more
critical as VGl is starting to be used for crisis response and for decision making by governments that
have started to embrace the concepts of transparency, public participation and collaboration through

the movement termed Governnh@m.
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Appendix A

Workshop material

University of

Waloo
X
/@\ May 1%, 2009

Dear

¢tKAa fSGUGSNI AA Iy Ay@AldlriaAaz2y G2 FGGSYyR | 2N} ak
in the Department of Geography at the University of Waterloo under the supervision of

Professor Robert Feick.

Through a series of workshops involving manydesis of the Bulkley Valley, a great deal of
community input has been recorded in an online mapping tool called MapChat. One of the key
features of MapChat is that it allows residents to share a common online map on which each
person can express their coerns, knowledge and ideas by drawing points, lines and areas on
the map and linking text comments to their drawings. To date, MapChat workshops have been
held on topics such as riparian zones at risk, community trails, the Town of Smithers OCP and

commurity asset identification.

We are interested in developing this software further to provide better capabilities for
LINBaSydAy3a yR oNRgaAyd GKS NBaARSyi(daQ YILWSR O
to build upon these earlier workshops by assistiagticipants to identify features, areas, and

topics of particular interests amongst the data previously collected. In particular, the study

intends to help us investigate the value of the new tool called MapChat Visualization designed

to facilitate the eyploration of the contributed data.

Participation in this study is voluntary. It will involve an interactive comphbéesed workshop of

approximately an hour to take place at a computer lab or another location of your convenience.

The workshop will be helduring the last two weeks of June. It consists in performing a few

tasks along with answering a brief questionnaire. You may decline to participate in any of the
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tasks or answer any of the survey questions if you so wish. Further, you may decide tawithdr

from this study at any time without any negative consequences by advising the researcher.

To enable us to understand better how well the software functions, some aspects of your use of
the tool are recorded (the amount that you zoom in on the map,clwhbols you make use of,
etc.). Note that no personal information is recorded in this process and that all information you
provide is considered completely confidential. Your name will not appear in any thesis or report
resulting from this study, howeve with your permission anonymous quotations and
anonymous results related to stored user inputs and user interactions with the software may be
used. Allwritten information collected from this session will not include personal identifying
information andwill be kept for a period obne yearin a locked location at the University of
Waterloo and digital information will be retained indefinitely on a secure password protected
server at the University of Waterloo. Only researchers associated with this prejikchave
access to this information. There are no known or anticipated risks to you as a participant in this

study.

If you have any questions regarding this study, or would like additional information to assist you
in reaching a decision about partictmm, please contact me by email at
vdeparda@uwaterloo.ca. You can also contact my supervisor, Professor Robert Feick at (519)
8884567 ext. 35493 or email rdfeick@uwaterloo.ca.

I would like to assure you that this study has been reviewed and receivédsetlearance
through the Office of Research Ethics at the University of Waterloo. However, the final decision
about participation is yours. If you have any comments or concerns resulting from your
participation in this study, please contact Dr. SusareSyK this office at (519) 888567 Ext.

36005 or ssykes@uwaterloo.ca.

| hope that the results of this study will benefit the organizations directly involved in the study,
as well as the greater community. As researchers we hope to learn more about tbesprof
meaning extraction from local volunteered knowledge and understand better how participants

use the tools for further enhancements.
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If you are interested in participating to this study, please contact me by email at

vdeparda@uwaterloo.ca.

| verymuch look forward to seeing you at the workshop and thank you in advance for your

assistance.

Yours Sincerely,

Vivien Deparday

University of Waterloo
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Introduction

A Through a series of workshops involvingsidents of the Bulkley Valley, British
Columbia, community input on several issues has been recorded in an online mapping
tool called MapChat. One of the key features of MapChat is that it allows residents to
share a common online map on which each pergan record their knowledge of the
local areaby drawing points, lines and areas on the map and linking text comments to
their drawings. To date, MapChat workshops have been held on topics such as riparian
zones at risk, community trails, the Town of irrs Official Community Plan and
community asset identification.

A The purpose of this workshop and survey is to learn which methods of presenting
NB a A Rrfappédak@bwledge and comments are easiest to use and which methods
provide you with the most meangful information in terms of the data and their
presentation. Data fronseveral of the Bulkley Vallayorkshops have been combined
together for this exercise and integrated in MapChat Visualization, software developed
for this workshop. Any references oy RA @A RdzE £ aQ y I YSa 2NJ 20 KSN
been removed to preserve anonymity of the community members.

A The following scenario is uséd conduct this workshop. You will assume the role of a
community leader who is going to attend a meeting witarmers and town managers
from the Town of Smithers in the Bulkley Valley, British Columbia. You want to present
some amenities of the Bulkley Valley that are of particular significanceh¢o
community. This workshop guides you through a sequence of thsikswill help you
make good use of the data contributed by the people of the Bulkley Valley using the
MapChat Visualization tool.

A First, you have to fill in and sign the form of consent attached to this document and then
you can start by answering thevfiequestions below.
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About You:

1) Gender:

[ ] Male [ ] Female
2) Age Group:

[]0-18[ ] 1824 12534 13544 [ 14554 [ 15564 [ ]65+
3) Are you familiar with the Bulkley Valley area?

[ ]Yes[ ]No
4) Did you participate in any of the Bulkley Valley workshops?

[ ]Yes[ ]No
If yes, please indicate which workshop(s) you participated in

[ ] Riparian [ ] Trails [] Asset identification [ ] Smithers OCP
5) How often do you use computer software and the Internet in a month?

[ Never [ ]Sometimesi(tostme} [ ] Regularly 6to15 [ ] Frequentlyisto3o) [ Very
frequently

6) How often do you use computebased maps in a montfe.g. Google Maps, MapQuest,
GIS Software)?

[ Never [ ]Sometimesi(tostme} [ ] Regularly 61019 [ ] Frequentlyisto3o) [ Very
frequently

7) Have you ever been involved in local planning or land management issues in the Bulkley
Valley or else where?

[ ]Yes[ ]No

8) If yes, please explain in general terms the context of your involvement:
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Section 1: Browsing the Data

This section of the workshop is designed to get you familiarised with the basic interface of MapChat

Visualization (MapChat Vi navigate the map anche comments.

1. Go to the following addresshttp://athabasca.uwaterloo.ca/mapchatviz/
You are presented with the following screen:

1. Enter the username you have been given at the top of the fiesgfe and the password
given by the workshop facilitator in the two text boxes and click on the Login button.

2. You may want to press the F11 key on your keyboard to maximize the size of your web
browser. You can come back to the initial view at any momergilmply pressing F11
again.

3. Before beginning the workshop tasks, you may want to experiment with the various
map zoom tools on the tool bar (e.g. Zoom in, Zoom out, etc.).

A description of these tools is provided in the first section of the MapChatelifité.

4. Drawings of the locations of features contributed by participants at one or more of the
Bulkley Valley MapChat workshoae displayed as orange points, lines or areas on the
map. Note thatn some cases throughout thisorkshop,one or more dawings will
change colour to indicate thatou have gone ovethem orthat you haveselected them.
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