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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 I evaluate human-centered  approaches to 
application development which are applicable to geovisualization, following an ISO13407 
taxonomy that covers context of use, eliciting requirements, and design. These approaches 
include field studies and contextual analysis of subjects' context; establishing requirements 
using a template, via a lecture to communicate geovisualization to subjects and by 
communicating subjects' context to geovisualization experts with a scenario; autoethnography 
to understand the geovisualization design process; wireframe, paper and digital interactive 
prototyping with alternative protocols; and a decision making process for prioritising 
application improvement. 
 
I find that the acquisition and use of real user data is key; that a template approach and 
teaching subjects about visualization tools and interactions both fail to elicit useful 
requirements for a visualization application. Consulting geovisualization experts with a 
scenario of user context and samples of user data does yield suggestions for tools and 
interactions of use to a visualization designer. The complex and composite natures of both 
visualization and human-centered domains, incorporating learning from both domains, with 
user context, makes design challenging. Wireframe, paper and digital interactive prototypes 
mediate between 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. Decision-making 
techniques prove useful for prioritising different possible improvements, although domain 
subjects select data-related features over more novel alternative and rank these more 
inconsistently. 
 
The research concludes that understanding subject context of use 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 prototypes incorporating real subject data and moving to 
successively more complex prototypes holds the best promise for creating successful 
geovisualization applications.
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ABBREVIATIONS 

Abbreviation Meaning (multiple meanings are context specific) 

A Start point for research (no existing application) 

AHP Analytic Hierarchy Process 

AOT All Other Theft (a crime category) 

ar absolute and relative 

ASB anti-social behaviour 

B Start point for research (existing application) 

C context of use 

C computer focus 
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C123 C1, C2 and C3 
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D design 
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E usability engineering 

E evaluation 
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ISO International Standards Organisation 



21 

 

KDD knowledge discovery through databases 

KWIC Keyword-in-context 

L1, L2, L3 libraries subjects 

LCC Leicestershire County Council 

LSOA lower super output area 

MILC multi-dimensional in-depth long-term case study 

MMI man-machine interface 

MySQL a open source database 

O others 

OA output area 

OAC output area classification ς a geodemographics system 

OMI operator-machine interface 

tмΣ tн Χ tф geovisualization researchers consulted with a scenario 

PCP parallel coordinates plot 

PLM Public Libraries Marketing 

QDA qualitative data analysis 

QUIS Questionnaire for User Interface Satisfaction 

R requirements 

R a senior research officer and a 'lead user' for geovisualization within LCC 

r risky development 

RQ Research Question 

S students 

sb crime sub-category 

SE software engineering 

sig significance 

SOM self-organising map 

sp spatial pan 

sr spatial resolution 

STV Spatio Temporal Visualizer 

SUMI Software Usability Measurement Inventory 

SVG scalable vector graphics 

sz spatial zoom 

TALIS  a proprietary library database system 

TFV Theft From Vehicle (a crime category) 

U usability expert 

UCD user-centered design 

UE, E usability engineering 

UID user interface design 

V visualization/spatial experts 

VAST Visual Analytics Science and Technology 

Vis visualization 

ViSC visualization in scientific computing 

X unknown 

x dependency on another possible improvement 



22 

 

 

 

 

 

 

 

 

 

 

 



23 

 

 

1 INTRODUCTION, RATIONALE AND RESEARCH QUESTIONS 

 

CONTENTS OF CHAPTER 1 

1 INTRODUCTION, RATIONALE AND RESEARCH QUESTIONS ................................. 23 

1.1 GEOVISUALIZATION AND INFORMATION VISUALIZATION ....................................................... 25 

1.1.1 THE NATURE OF GEOVISUALIZATION ................................................................................... 25 

1.1.2 THE NATURE OF INFORMATION VISUALIZATION ................................................................. 29 

1.1.3 DEVELOPMENTS IN GEOVISUALIZATION .............................................................................. 31 

1.1.4 GEOVISUALIZATION CHALLENGES AND THE HUMAN-CENTERED APPROACH ..................... 33 

1.2 THE HUMAN-CENTERED APPROACH ........................................................................................ 35 

1.2.1 POSITIONING THE HUMAN-CENTERED APPROACH ............................................................. 35 

1.2.2 DEVELOPMENT OF HUMAN-CENTERED APPROACHES......................................................... 37 

1.3 HUMAN-CENTERED APPROACHES IN GEOVISUALIZATION AND INFORMATION VISUALIZATION

 39 

1.3.1 VISUALIZATION COMMUNITY ENGAGEMENT WITH HUMAN-CENTERED APPROACHES ..... 39 

1.3.2 ANALYSIS OF VISUALIZATION LITERATURE WITH HUMAN-CENTERED APPROACHES .......... 46 

1.4 DISCUSSION .............................................................................................................................. 56 

1.5 AIMS AND RESEARCH QUESTIONS ............................................................................................ 58 

 

 

 

 

 

 

 

 

 

 



24 

 

 

INTRODUCTION TO THE THESIS 

A knowledge gap separates domain experts and the visualization 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 different domains and of subject data and tasks, no 

single solution can fit all users and all data, and customization is inevitable. While significant 

advances in information visualization and geovisualization have been made without user 

engagement, human-centered approaches that focus on user context and requirements and 

on user involvement through an iterated process of design, prototyping and evaluation, as 

outlined in ISO13407, represent an opportunity to bridge the knowledge gap.  

 

While human-centered approaches have been used in a wide variety of domains with a range 

of data, their applicability to geovisualization, which combines multiple tools and interactions 

in a simultaneous and space-constrained manner, is not well established. There is a need to 

determine the extent to which such approaches are applicable, and in what way standard 

human-centered approaches need to change for geovisualization. These human-centered 

approaches can only be studied in vivo, in the context of real prospective users, situated in 

their work environment, and preferably over time, building a visualization application for them 

from first principles. As part of a long term case study, for three years I have worked with two 

sets of domain experts in a leading UK local authority - research officers with responsibility for 

researching crime and disorder reduction, and managers seeking to market public library 

services. 

 

The value of this research is in the broad range of human-centered approaches evaluated in a 

visualization context engaging with users spanning a significant period. Results are triangulated 

where possible with evidence from multiple strands of inquiry, with qualitative and 

quantitative analysis, and give confidence in the findings. 
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INTRODUCTION TO THIS CHAPTER 

In this chapter, I explore the nature of geovisualization, explain why geovisualization 

applications are different from other applications, and set the context relative to neighbouring 

disciplines, such as information visualization. I outline the main tools, techniques and 

interactions of geovisualization. 

 

I summarise the development of geovisualization and the challenges that face the discipline. 

Among these is the need to work closer with real end-users in different domains to see what 

aspects of geovisualization work in vivo.  Working with end users means using tools that have 

been developed in various human-centered disciplines. There is a need to determine how well 

these tools work in a geovisualization context, whether they need to be changed, how they 

might be modified, which tools work better and which work differently. This challenge is at 

the crux of my thesis. 

 

I explain human-centered approaches to the creation of applications and set these in the 

context of other disciplines, such as software engineering. I outline the main approaches of 

human-centered approaches under the headings of context of use, requirements and design. 

 

I review pertinent research in geovisualization and information visualization that has used 

human-centered methods, and draw inferences about the way that visualization researchers 

have applied human-centered methods from a literature review. 

 

1.1 GEOVISUALIZATION AND INFORMATION VISUALIZATION 

1.1.1 THE NATURE OF GEOVISUALIZATION  

Spatial data 

Anselin (1989) asks, "what is special about spatial data?", and it is appropriate to begin by 

posing another alliterative question addressed to the nature of geovisualization - 'what is gee-

wizz about geovis?' The raw material of geovisualization ς its distinguishing feature from other 

forms of visualization, such as information visualization ς is the inclusion of spatial data.  

Anselin (1989) identifies spatial dependence and spatial heterogeneity as the 'special' aspects 

of spatial data, and Andrienko et al (2008) identify scale effects as another. Openshaw (1999) 

expands on this outlining the special features of geoinformation: 

 "observations are not independent; data uncertainty and errors are often spatially 
structured; whole map statistics are seldom helpful; non-stationarity is to be expected; 
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relationships are often geographical localised - rather than global; non-linearity is the norm; 
data distributions are non-normal; 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 dependencies; there can be a fair proportion of junk data." 

 

Geovisualization 

To deal with and interpret the special features of spatial data, MacEachren (1992) proposes 

using human abilities, in the then new discipline of geovisualization defined as: "the use of 

concrete visual representation - whether on paper or through computer displays or other 

media - to make spatial contexts, and problems visible, so as to engage the most powerful 

human information-processing abilities, those associated with vision." MacEachren (1994b) 

develops the concept of 'cartography3' where the polar natures of communication and 

exploration are set out and where geovisualization is characterised as having high interactivity, 

a highly exploratory nature and being 'privately pursued'. This builds on the work of DiBiase 

(1990) who illustrates the "range of functions of visual methods in an idealized research 

sequence" in a seminal graphic (Figure 1.1).  

 

Figure 1.1: The "range of functions of visual methods in an idealized research sequence" 
 from DiBiase, 1990 

 

MacEachren and Kraak (2001) provide the canonical description of geovisualization`s origins 

and purpose:  άDŜƻǾƛǎǳŀƭƛȊŀǘƛƻƴ ƛƴǘŜƎǊŀǘŜǎ ŀǇǇǊƻŀŎhes from visualization in scientific 

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, analysis, synthesis, and presentation of geospatial data", and 
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also an outline of its use in exploration ƛƴ ǇǊŀŎǘƛŎŜΥ ϦΧŘƛǎǇƭŀȅ ǳǎŜ ǎǘŀǊǘǎ ǿƛǘƘƻǳǘ ƘȅǇƻǘƘŜǎŜǎ 

about the geospatial data, and the visualization tools assist in an interactive, unencumbered 

search for structures and trends, with one goal being to prompt hypotheses. Maps and 

ƎǊŀǇƘƛŎǎ ƛƴ ǘƘƛǎ ŎƻƴǘŜȄǘ Řƻ ƳƻǊŜ ǘƘŀƴ άƳŀƪŜ Řŀǘŀ ǾƛǎƛōƭŜΣέ ǘƘŜȅ ŀǊŜ ŀŎǘƛǾŜ ƛƴǎǘǊǳƳŜƴǘǎ ƛƴ ǘƘŜ 

ǳǎŜǊǎΩ ǘƘƛƴƪƛƴƎ ǇǊƻŎŜǎǎΦϦ 

 

Principal examples of geovisualisation applications from the last decade include cdv (Dykes, 

1998), Descartes (Andrienko and Andrienko, 1999), later Common GIS (Andrienko et al., 2002), 

SAGE (Haining, Wise and Signoretta, 2000), GeoVista Studio (Gahegan et al., 2002; Takatsuka 

and Gahegan, 2002), GGobi (Swayne et al., 2003),  SomVis (Guo et al., 2005), GeoDa (Anselin, 

Syabri and Kho, 2006), Improvise (Weaver, 2006b) and GAV (Jern et al., 2007).  Commercial 

visualisation software such as DecisionSite (Spotfire, 2009), Instant Atlas (Geowise, 2009) and 

SpatialKey (Spatialkey, 2009) is becoming increasingly available.  Recent developments such as 

geovisualization mashups (Slingsby et al., 2007; Wood et al., 2007; Wood and Dykes, 2008) and 

internet-wide visualization (Viégas et al., 2007; Viégas et al., 2008) demonstrate that 

innovation is continuing, indeed accelerating.  Dykes (2005a) and Nöllenburg (2007) provide 

overviews of the geovisualization domain. Marsh (2007) conducted research to identify 

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

be valid, and identifies a number of aspects that characterise geovisualization: small number of 

users, high level of expertise required, high cognitive load (user related); high software 

interaction/complexity, low task predictability, long task time (interaction-related); small 

number of tools, moderate technological change (tool-related); high reliance on multiple 

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

cartographic legacy (layout-related).  

 

From a search of the geovisualization literature and from the geovisualization applications 

above, I list some techniques employed prior to visualization, geovisualization tools and 

interactions (Table 1.1). It excludes 3-dimensional representations given the advice of (DiBiase 

et al., 1994) that "two-dimensional representations ought to be preferred for two-dimensional 

data." The list gives an indication of the breadth of methods employed in this thesis, and it 

forms the basis for communicating geovisualization to prospective users and as a crib for 

geovisualization experts (see Chapter 4). The individual techniques, tools and interactions that 

are employed in this thesis are described as they occur in Chapters 3-7. 
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  Techniques 
  Pre-filtering techniques (things to consider doing before geovisualizing) 

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

  * data cleansing; outlier 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, or not?) 

  * clustering (what clusters are there?) 
 

  Pre-calculation techniques (reduce complexity; calculate beforehand, possibly) 

  *  cartograms, insets and other maps (inc underlying navigational maps) 

  * treemaps     * statistical results (e.g. correlation coefficients)  
 

  Tools 
  Exploratory data analysis/non-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) 
 

  Spatial/mapping 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 
 

Table 1.1: List of geovisualization techniques, tools and interactions sourced from 
geovisualization literature and geovisualization applications 
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Geovisualization emerges as a composite enterprise, integrating a cartographic heritage with 

inputs from other fields - it is clearly a spatial domain, inheriting, and attempting to address 

and reveal, issues of spatial dependence, spatial heterogeneity and scale.  It envisages the use 

of multiple components compromising both spatial and non-spatial elements to achieve the 

exploratory objectives of its users. Interactivity has become a key component. This 

combination of characteristics creates a knowledge gap (van Wijk, 2006) between its 

practitioners and potential end users who are experts in their own domains.  

 

1.1.2 THE NATURE OF INFORMATION VISUALIZATION 

Information visualization (InfoVis) is "the use of computer-supported, interactive, visual 

representations of abstract data to amplify cognition" (Card, Mackinlay and Shneiderman, 

1999).  InfoVis is a cognate discipline of geovisualization and shares many of the tools of 

exploration. InfoVis tools such as graph drawing (Rodgers, 2005) have been suggested for 

inclusion in geovisualization applications. Self-organising maps (Kohonen, 1997) have featured 

in a number of designs (Gahegan 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 Skupin (2003) report  that "Spatial metaphors are typically used in Information 

Visualization as semantic vehicles for the spatialization process", and in Skupin and Fabrikant 

(2003) they set out a cartographic research agenda for non-geographic information 

visualization (spatialization). Some other examples of spatial representations employed in 

information visualization research are treemaps (Shneiderman, 1992), themescapes (Wise et 

al., 1995), and Kohonen maps (Kohonen, 1997; Spence, 2001).  

 

Kraak (2008) states that "Information visualisation has always been the sub discipline to which 

the [ICA] Commission [on Geovisualisation] has felt most attracted." And Marsh and Dykes 

(2008) suggest that "geovisualization evaluation may not differ in nature to that of evaluation 

in other exploratory domains in which graphical exploration plays a key role." In Keim, Panse 

and Sipps (2005), the authors demonstrate "the application of InfoVis methods to provide new 

ways of analyzing geospatial data" and provide further evidence of the degree of convergence 

between information visualization and geovisualization. Considering the integration of 

visualization domains, Kerren et al (2007) found that: 

"the case of GeoVis seemed much closer to InfoVis. Some common properties of GeoVis 
that are perhaps familiar to InfoVis are that errors in data are common, scale and form 
are very important, and interpretations are typically subjective, imperfect, and 
incomplete. In GeoVis, maps help by providing a common structure for visual synthesis 
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and an artifact on which to project tacit ƪƴƻǿƭŜŘƎŜΧCartography has good theories that 
InfoVis could better exploit." 

 

The literature contains a number of taxonomies of InfoVis tools and techniques - (North and 

Shneiderman, 1997; Shneiderman, 1996), (Tweedie, 1999), (Chi, 2000), (Morse and Lewis, 

2000), (Pfitzner, Hobbs and Powers, 2003), (Chengzhi, Chenghu and Tao, 2003), (Tory and 

Möller, 2004) and (Keim, Panse and Sipps, 2005).  Card, Mackinlay and Shneiderman (1999) 

and Spence (2001) give overviews of the InfoVis domain. 

 

Although geovisualization and information visualization may be close cousins, (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 visualization of information spaces that are not spatial." Marsh (2007) examines 

geovisualization and information visualization along dimensions concerned with users, tools, 

interaction and layout, and finds a number of differences, shown in Figure 1.2. 

 

 

Figure 1.2: Qualitative representation of the differences between geovisualization (top line), 
information visualization (middle line) and regular software (bottom line) (Marsh, 2007). 

 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































