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We shall not cease from exploration
And the end of all our exploring

Will be to arrive where we started
And know the place for the first time

Eliot(1943b)
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ABSTRACT

Working with two small group of domain experts | evaluate huroantered approaches to
applicaton developmentvhich are applicable to geovisualization, following an 1ISO13407
taxonomythat coverscontext of use, eliciting requirementanddesign These approaches
includefield studies and contextual analysis of subjects' contestablishingequirements
using a templatevia a lecture to communicatgeovisualizationo subjectsand by
communicating subjects' contetd geovisualization experisith a scenario; autoethnography
to understandthe geovisualizatiodesignprocess wireframe, paper ad digital interactive
prototypingwith alternativeprotocols; anda decision makingrocesdor prioritising
application improvement

| find that the acquisition and use of real user data is key; that a template approach and
teachingsubjectsabout visualiation tools and interactions both fail to elicit useful
requirements for a visualization application. Consulting ge@lizationexperts with a

scenario of user context and samples of user data does yield suggestions for tools and
interactions of use to &isualization designer. The complex and composite natures of both
visualization and humanentered domains, incorporating learning from both domains, with
user contextmakes design challenging. Wireframe, paper and digital interactive prototypes
mediatebetween the user and visualization domains successfully, eliciting exploratory
behaviour and suggestions to improve prototypes. Paper prototypes are particularly successful
at eliciting suggestions and especially novel visualization improvements. Deuiglong
techniques prove useful for prioritising different possible improvements, although domain
subjectsselect datarelated features over more novalternative and rank thesmore
inconsistently

The research concludes that understanding subject cdriéyse and data is important and
occurs throughout the process of engagement with domain experts, and that standard
requirements elicitation techniques are unsuccessful for geovisualization. Engagement with
subjects at an early stage with simple proto&gancorporating real subject data and moving to
successively more complex prototypes holds the best promise for creating successful
geovisualization applications.
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INTRODUCTION TO THE THESIS

A knowledge gap separates domain experts and thealization domain. Visualization

solutions have their expression in the form of applications through which domain experts
interact with their data to explore, hypothesize, gain insight, and confirm or confound
expectations. Given the complexity of diffeit domains and ofubjectdata and tasks, no

single solution can fit all users and all data, and customization is inevitable. While significant
advances in information visualization and geasifzationhave been made without user
engagement, humaigentered approaches that focus on user context and requirements and
on user involvement through an iterated process of design, prototyping and evaluation, as

outlined in ISO134Q7epresent an opportunity to bridge the knowledge gap.

While humancentered approaches have been used in a wide variety of domains with a range
of data, their applicability to geouislization which combines multiple tools and interactions

in a simultaneous and spacenstrained manner, is not well established. There is a need to
determine the extent to which such approaches are applicable, and in what way standard
humancenteredapproaches need to change for gemdtization Thesehumancentered
approaches can only be studiedvivq in the context of real prospective users, situdia

their work environment, and preferably over time, building a visualization application for them
from first principles. Apart of a long term case studfor three yearsl have worked withtwo

sets of domairexpertsin a leading UK local authorityesearchofficers withresponsibility for
researching crime and disorder reduction, amganagers seeking to markptblic library

services

The value of this research is in the broad rangeuwhancentered approaches evaluated in a
visualization contextmgaging with users spanning a significant periesults are triangulated
where possible with evidence from multiple strands of inquiry, with qualitative and

guantitative analysis, and give confidencdhn findings.
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INTRODUCTION TO THIS CHAPTER

In this chapter, | explore the nature of geovisualization, explain why geovisualization
applications are different from other applications, and set the context relativeetghbouring
disciplines, such as information visualization. | outline the main taetbniques and

interactions of geovisualization.

| summarisethe development of geovisualization and the challenges that face the discipline.
Among these is the need to work closer with real @rsérs in different domains to see what
aspects of geovisuahtion workin viva Working withend usersmeansusingtools that have
been developed in various humarentereddisciplines There is a need to determine how well
these tools work in a geovisualization context, whether they need tohamged how they

might bemadified, whichtoolswork better and which work differentlyThis challengés at

the crux of my thesis.

| explain humascentered approaches to the creation of applications aatithese in the
context of other disciplinesuch asoftware engirering.l outline the main approaches of

humancenteredapproachesinder the headings of context of use, requiremeatsl design.
| review pertinent research in geovisualization and information visualization thaidexs

humancentered methodsand drawinferences about the way thatisualizatiorresearchers

haveappliedhumancentered methodgrom a literature review

1.1 GEOVISUALIZATI@IND INFORMATION VISIUZATION

’1.1.1 THE NATURE OF GEQWBIZATION
Spatial data
Anselin(1989)asks,'what is special about spatial data?", and it jigpoeopriate to begin by

posing anothealliterative question addressed to the nature of geovisualizatisrhat is gee
wizz about geovisThe raw material of geovisualizatigrits distinguishing feature from other
forms of visualization, such as informationuagizationc is the inclusion of spatial data.
Anselin(1989)identifies spatial dependence apatialheterogeneity as the fsecial' aspects
of spatial data, andndrienko et a(2008)identify scale effects as anoth&pershaw(1999)
expands on this outlining the special features of geoinformation:

"observations are not independent; data uncarity and errors are often spatigl
structured; whole map statistics are seldom helpful; retationarity is to be expected,;
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relationships are often geographical localisedther than global; no#linearity is the norm;

data distributions are nomormal high levels of multivariateness but with redundancy;

time often interacts with space; most GIS data layers are categorical; the locational element
is important; the modifiable nature of all spatially aggregated data; results reflect
definitional dependenies; there can be a fair proportion of junk data."

Geovisualization
To deal withand interpretthe special features of spatial datdacEachrerf1992)proposes

using human abilities, in ththen new discipline of geosualization defined asthe use of
concrete visual representatiorwhether on paper or through computer displays or other
media- to make spatial contexts, and problems visible, so as to engage the most powerful
human informationprocessing abilitieghose associated with visidhMacEachrer{1994b)
developsthe concept ofcartography' where the polar natures of communication and
explorationare set out and whergyeovisualizatiotis characterised as having high interactivity,
a highly explorabry natureand beingprivately pursued'. This builds the work ofDiBiase
(1990)who illustratesthe "range of functions of visual methods in an idealized research

sequence'in a seninal graphic (Fige 1.1).

VISUAL
COMMUNICATION

%‘.aSynthesm

5,
&,

Presentation

PUBLIC REALM

Figurel.l: The"range of functions of visual methods in an idealized research sequence"
from DiBiase, 1990

MacEachren and KragR001)provide the canonical description of geawédization origins
andpurpose d DS 2 @A adzl £ AT I (i A Bey from yisu&izatah it Ki@ntific LILINE | O
computing (ViSC), cartography, image analysis, information visualization, exploratory data
analysis (EDA), and geographic information systems (GISystems) to provide theory, methods,

and tools for visual exploration, alyais, synthesis, and presentation of geospatial data", and
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also an outline of its use explorationA y LIN>} OGA OSY bXRAALX & dzasS a
about the geospatial datand the visualization tools assist in an interactive, unencumbered
searchfor structures and trends, with one goal being to prompt hypothessps and

AN} LIKAO&A AY GKA& O2yGSEG R2 Y2NB KLy aYl 1§
dzASNBQ (GKAY1AYy3d LINRPOS&aaodh

Principal examples of geovisualisation applicatidr@m the last decadénclude cdDykes,

1998) DescartegAndrienko and Andrienko, 1999%ter Common Gl@ndrienko et al., 2002)
SAGHHaining, Wise and Signoretta, 200GeoVista Studi@Gahegan et al., 2002; Takatsuka
and Gahegan, 2002BGob{Swayne et al., 2003)SomVigGuo et al., 2005)GeoD4dAnselin,
Syabri and Kho, 2008mprovise(Weaver, 2006band GAYJern et al., 2007) Commercial
visualisation software such as Decision§gpotfire, 2009)Instant AtlagGeowise, 2009nd
SpatialKeySpatialkey, 20095 becoming increasgty available. Recent developments such as
geovisualization mashugSlingsby et al., 2007; Wood et al., 2007; Wood and Dykes, 2068)
internet-wide visualizatiorfViégas et al., 2007; Viégas et al., 2G8nonstrate that

innovation is continuing, indeed acceleratinBykes(2005a)and Néllenburg(2007)provide
overviews of the geovisializationdomain.Marsh(2007)conducted research to identify

efficient, effective and reliable ways to evaluate geovisatitin tools and when these might

be valid, anddentifies a number of aspects that characterise geovisualization: small number of
users, high level of expertise required, high cognitive load (user re|diggt) software
interaction/complexity, low task @dictability, long task time (interactiorelated) small

number of tools, moderate technological change (toglhted); high reliance on multiple

views, high display constraints, multiple scales, high anisotropic space, limitation of

cartographic legacygyoutrelated).

Froma search of the geovisualizatititerature and from thegeovisualizatiorapplications
above, | lissome techniques employed prior tasualization geovisualizatiotools and
interactions(Table 1.1)It excludes 3-dimensionakepresentations given the advice (DiBiase

et al., 1994}hat "two-dimensional representations ought to be preferred for tdionensional
data." Thelist givesanindication ofthe breadth of methods employeid this thesisandit
formsthe basis focommunicatinggeovisualization to prospective users and as a crib for
geovisualization experisee Chapted). The individual techniques, tools and interactions that

areemployed in this thesis are dedimed as they occur in Chapte3s/.
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Techniques

Prefiltering techniques(things to consider doing before geovisualizing)

* correlation matrix (are my attributes correlated? Can | eliminate some?)

* data cleansingoutlier detection (is my data sensible?),

* data transform

* factor analysis, principal component analysis (which attributes are most important?)
* k-means analysis (what clusters are there?)

* lag/lead (are thing happening simultaneously, ot?)o

* clustering (what clusters are there?)

Pre-calculationtechniques(reduce complexitycalculae beforehand possibly)
* cartograms, insets and other maps (inc underlying navigational maps)

* freemaps * statistical results (e.g. correlaticcoefficients)
Tools

Exploratory data analysison-spatial tools

* barchart * box plot

* conditional box plot, conditional histogram, conditional scatterplot
* glyphs * histogram

* mosaic plot * parallel coordinate plot

* pie chart * scatterplot

* scatterplot matrix * small multiples

* star plot (attribute glyphs) * stem plot

* table browser * time plot path

* time series plot * tree and leaf plot

* treemap (and other hierarchical plots)

Spatialmapping tools
* cartograms discontinuous; continuous; rectangular

* density maps * generalisation
* insets * map distortions
* self-organising maps * symbology

* thematic/choropleth maps

Interactions

* animation * brushing

* categorising/aggregation * conditioning

* distortion (table lens; fisheye) * extracting

* filtering * linking

* manipulation (rotation, separation)*multiple views

* panning * query

* reordering * semantic zooming
* sorting * zooming

Table1.1: List of geovisualization techniques, tools and interactions sourced from
geovisualization literature and geovisualization applications
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Geovisualization emerges as a composite enterprise, integratoagtographic heritage with
inputsfrom other fields- it is clearly apatialdomain, inheriting and attempting to address
and revealjssues of spatial dependencspatialheterogeneity and scale. It envisages the use
of multiple componentscompromisng both spatial and nospatial elements to achieve the
exploratory objectives of its usersnteractivity has become a key componefitis

combination of characteristics creates a knowledge @am Wijk, 2006between its

practitioners and potential end users who are experts in theina@omains.

]1.1.2 THE NATURE OF INFORNON VISUALIZATION
Information visualization (InfoVis) is "the use of comptgepported, interactive, visual

representations of abstract data to amplify cognitidq€ard, Mackinlay and Shneiderman,
1999) InfoVis is a cognate discipline of geovisualization and shares many of the tools of
exploration. InfoVis tools such as graph drawiRgdgers, 2009)ave been suggested for
inclusion in geogualization applicationslf-organising map@<ohonen, 1997have featured
in a numberof designdGahegan et al., 2002; Guo et al., 2006; Guo et al., 2005; Koua and
Kraak, 2005)In the same way, spatial representations are employed in InfoVis applications.
Fabrikant and Skupif2003)report that "Spatial metaphors are typically used in Information
Visualization as semantic vehicles for the spatialization process"na&idipinand Fabrikant
(2003)they set out a cartographic resed agenda for noigeographic information
visualization(spatialization)Some other examples of spatial representations employed in
information visualization research are treemg@neiderman, 1992)themescape$Wise et

al., 1995) and Kohonen map#&ohonen, 1997; Spence, 2001)

Kraak(2008)statesthat "Information visualisation has always been the sub discipline to which
the [ICA] Commission [on Geovisualisation] has felt most attractedi'Marsh and Dykes
(2008)suggest that "geovisualization evaluation may not differ in nature to thavafuation

in other exploratory domains in which graphical exploration plays a key tolkg€im, Panse

and Sippg$2005) the authors demonstrate "the application of InfoVistimeds to provide new
ways of analyzing geospatial data" and provide further evidence of the degree of convergence
between information visualization and geovisualizatiGonsidering the integration of
visualization domaingerren et a(2007)found that:

"the case of GeoVis seemed much closer to Inf@Gsme common properties of GeoVis
that are perhapgamiliar to InfoVis are that errors in data are commeaoale and form
are very important, and interpretatiorare typically subjective, imperfect, and
incomplete. InGeoVis, maps help by providing a common structureviewal synthesis
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and an artifact on which to project tadity 2 ¢ f E#&tagaihy has good theories that
InfoVis couldbetter exploit."

The litemture contains a number of taxonomies of InfoVis tools and technig(ésrth and
Shneiderman, 1997; Shneiderman, 199&Wweedie, 1999)Chi, 2000)(Morse and Lewis,
2000) (Pfitzner, Hobbs and Powers, 200&hengzhi, Chenghu and Tao, 200B)ry and
Moller, 2004)and (Keim, Panse and Sipps, 2006ard, Mickinlay and Shneidermgh999)

and Spencg2001)give overviews of the InfoVis domain.

Although geovisualization and information visualization may be clogsits,(Tobon, 2005)

finds experimentally that "there may be fundamental differences between the cognitive
processes required to participate in the visualization of geographic spaces and those required
for visualizatbn of information spaces that are not spatidifarsh(2007)examines
geovisualization and information visualization along dimensions concerned with users, tools,

interaction and layout, and finds a number of differences, shawrigure 1.2.

Figurel.2: Qualitative representation of the differences between geovisualizgtom line),
information visualization (middle ling@nd regular softwarébottom line)(Marsh 2007)
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