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Abstract Thistechnicalpaperdescribesthd y OA Sy & &2 OA I £  NAclexandlifed & @A & dzt
through telling storieswith Statistics eXplorer andelated to a domain within statisticadlata
visualization Storiesare madeby the analysthat drawsusinto reflecting on important discoveries
and knowledgeandis important to the education and dissemination of public statistixdleaguesf
the analystcan also participate in ths collaborative storytellinggrocessreaching joined consensus
and trust Our Statistics eXplorer applications and underlyoagkit GAV(Geoanalytics igualization)
are introducedtogether wih a Statistts Publishing tool that generatdéslets (smaliveb-enabled
visualizations) developed for the programming environment ! R2 6 SQa | @rovidagy { ONJR LI
innovative interactive means of making sense of spat@mporal and multdimensional data. By
mapping data attributes to visual properties such as pasijtgize, shape, and colowsers leverage
perceptual skills to helghe publicusersdistinguishand interpret patterns withinarge volume of
statistical data.This represents an importarfoundation for our geovisual analytics application
StatisticseXgorer together withmultiple linked viewsallowing simultaneouslyanalysisof datawith
integrated storytelling Thestory mechanisnassistshe analyst and authoto improveli KS LJdzo f A O Q.
knowledge throughimportant reflections on a variety of demographicsuch ashealthcare,
environment, and educational and economic indicatorénalysts can also develop interactive
educationalmaterial based orthis storytelling mechanismintegrated snapshots can be captured at
anytime during an explorative data analysis process #my become an importantomponentof
the analytical reasoning procesbhe publiccanaccess geovisuabplicationsand explore statistical
relations on their own guided by the stories prepared by duthors With the associated science of
perception and cognition in relation to the use of multivariate spatimporal statistical datathis
technical paper contributes to the growing interestand understandingin geovisual atistics
analytics

1 Introd uction

The Webis increasinglyutilised by intelligent web servicesvhich empower developers to
customise wekenabled visualization applications that contribute to collab@matand communicate
visual content(Hgure 1).In this context, we introduce thgeovisual analyticéigure 2) application
platform Statistics eXplorer based on our awarded GAV framework and tools (Fidoréngractive
visualization, collaboration and communication afatistics scientific and business data
International compésons of economieshealth and educatiorindicatorstend to be undertaken at
the national level (Figure 1),while economic performance and social indicators can vary within
countries as muchas between countries. In recemntears regional (subational) diferences in
economic output, labour productivity, job creation, labour force participation and education within
countries have beemore important compared téhoseamong countries. Understanding the variety
in regional economic structures and performariseessential knowledge for initiating development
which could improve regional competitiveness and imtincrease national growth. The growing
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number of regions to be interactively analysed and animated over time has dramatically increased
the need formore efficient visualization tools and programming architecture. Stagistics eXplorer
productsmakeregionalvariations more visible, providing regiday region indicators in the form of
motion graphs and maps that could lead to better identificatidraceas that are outperforming or
lagging behind. Patterns of growth and the persistence of inequalities are analyzed over time,
highlighting the factors responsible for them. How can such significant knowledge about these
statistical facts bérought togeher and published to analysts and citizens?
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together with multiple linked and coordinatedviews (Where,What,When); In this figuredemonstrated by

World eXplorer communicatingiational animating statistical indicators from the Wodl Databank

simultaneously in thredinked views for 196€2010.Thechoropleth map andtime line graphdisplay

population age group 65:+The scatter plotshowspercentage ofage group 65+ correlated witage group ©

14 and bubble sizeepresents the total populationThe choropleth map also demonstrates our map layer
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(blue). http://mitweb.itn.liu.se/GAV/world/

Thistechnical paper introduces oyowerful and innovativegeovisual analytics toolg-igure 2)or
integrated statistics visual analysis asmmmunicationdeveraging perceptual skills to help the users
distinguish and interpret patterns within large volume of statistical daW#apping statistical
indicators to visual properties such as position, size, shape, and oslbprogress an analyst to
discover tends and gain knowledge about dafiche collaboration and publication process facilitates
storytelling aimed at producing statistical news content in support of a setamatic authoring
process that involves:

1 Record analysis stories for sharing aediew;
T Navigate with snapshots to examine important patterns and-level details;
1 Save and share views and attributes to enable collaboration

Storytelling, in our context, is about telling a story on the statistics data and the related analytics
reasoring processes on hodiscovery andnowledge was obtained. Storytelling within an

interactive web context could more engagingly draw the user into reflections and sometimes change
a perspective altogether. The story is placed in the hands of those whoitheegl policy and

decision makers, teachers and also informed citizens. This dynamic visual storytelling is a way of
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telling stories through interactive webnabled visualization with integrated snapshots highlighting
important discoveries. Stories enlata leap in understanding by the user in order to grasp how
statistical indicators may influence sociefihe author simply presses a button to publish the
knowledge gained from a visual interactive discovery process.
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Figure 2 Our conceptual geowsuaanalytlcs framework which is the foundat|on for our Statistics eXplorer
products involves theintegration of many important taxonomy required to make sense of statistical dat@a
to pursue questions, uncover patterns of interests, gain insight, thle-story and finally communicate
knowledge to the public at rates resonant with the pace of the human thought.

The web-enabled applications Statistical eXplorer aratilised for exploring, presentation,
communicating and publishingationalor regionalstatistics data. A novel storytelling mechanism is
introduced(Figure 3 and 8pr the analyst and author to:

1. Import statistical data through Excel, SDMX;A20r World Databank;

2. Explore and make discoveries through trends and patterns and derive insigh

3. Qeate a story

4. Share the storywith colleagues and reach consensus and trust. Visual discoveries are captured
into snapshots together with descriptive metadata and hyperlinks in relation to the analytics
reasoning. The author gets feedback from colleagrel thenadapts the story
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The conceptual approach and framewarkthe geovisual analytics storytelling implementation is
based around three complementary characteristeXplorer tell-a-story and PublisheMisle):
9 Authoring (eXplorer)data provider and manager, motion visual representations including
choropleth map, scatter plot, table lens, parallel axes, time graph, data grid, coordinated views,


http://ncva.itn.liu.se/explorer
http://ncva.itn.liu.se/explorer/vislets

map layers, analytic tools (dynamic query, filter, regional categorizgtiafijes, highlight)and
dynamic colour scale.

9 Tella-story: snapshot mechanism that captures an interactive scenario (active views and
indicators, attributes, time step, regions), metadata with hyperlinks, story and chapters, edit,
capture, saveandexport story.

9 Publisher (Visletimport stories and create HTML code @anbeddable interactive motion visual
representations for publishing on a web site or blog.

Gain insight i
9 mtfd?t:’y&fg:::;hom

Stry Bt
1 . Ageing population in the world 1960-2010

. % ! ... |Create astory | ;
- RS § ==iE=ni | Snapshots and Metadata ™" =

Al Iy — s TG
‘ = Story

Select Statistical
data and explore |
) o

A
)
A\ »

1S
XML

Get feedback oy ~e" T : —— _

reach consensus, trust

ITL

Share stories with colleagues

Figure 3The eXplorer analytical storytelling loop A Story with snapshots and metadaia created in the
eXplorer Story Editor; Story is saved and can be shared with colleagues to reach consenshe Story can
be integrated into eXplorer (se right panel) and accessed by the public. The Story with embedded data,
shapshots and metadata caaiso be imported by the Publisher as the foundation for Vislet creation.

Statisticians with diverse backgroudnd expertise participate in creative discovery processes
(Hgure 3 that transform statistical data into knowledge. Storytelling tools integrate this geovisual
analytics processusing collaboration. This knowledge exchange process devedop shared
understanding with other statisticians anafter consensus has been rded, it can beplaced in the
public domain The snapshot mechanism helps the author of a story to highlight data views of
particular interestand subsequently guide others to important visual discoveries.

2 GAV Framework

Our development ofntegrated exyloratory, analytical reasoning, communicative and publishing
tools were based on a recommendation frorihe academicvisual andytics research progranto
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presentation composition and dissemination all take place within a cohesive envirégnghent/ 2 Y Y 2 Y
geovisualization and information visualization components are included that support interactive
features such as tooltips, brushing, highlight, visual inq@iopditioned filter mechanisms that can
discover outliers and methods supporting timénked multiple views.Tools also support data
analysis algorithms, connect the components to each gtaed supportdata providers that can load
data from various sowes Fgure 4.

The GAMViramework was originallydeveloped for .NET and DirectX and theonverted into
I R2 0 S Q aorieAtéddaBdDage ActionScriptvhen our collaboration with OECD startetleans
are also provided for a developer txtend and further astomize ourobjectoriented visualization
methods using the lowet S@St alF 12YA0¢é 0O02YLRySyida GKFG FNB 0
high level componentéFigure 4)with integrated user interactions and controls.
The core philosophy of GAYmodulaity, in order to allowapplication developers teelectfrom a
wide range of visualizations, data providers and data transfpamd combine them in various ways.
This puts a higpriority for each component of the framework to be generalized so it caeixe and



communicate data with othercomponents but also be seltontained so that the advanced
functionality is always presenitrespective ofwhich components are combined. iSlgeneralization

is achieved throughhe definition of interfaces, which detail only thesquired functions and
properties in assets shared by components. An example of this is the data set, whose interface is
limited to functions that supply data and metadatall other functionality is encapsated in the
implementation. As the components are only aware of the interfaces, the datzaseeasily be
replaced with some other structure, for example a direct database connection, without re
implementing any visualizations or data processdypart flom the data sets, GA&pplications are

built using a combination of visualization components andelihinodules that control selection,
filtering, colour and animation. Other components handle application level events such as menus,
and a module for the sapshot mechanism. The abstraction into interfaces also allows oexnsto

extend the framework with new functionalitysuch asnew visualizations or data providers. The
framework definitionscan then be followed with regard taccesiig data and sharedssetsn order

to produce new implementations

Figure 4 The GAV Flashramework¢ Composite visualiz@ons e.g.are customized from our functional and
atomic components

The generalization of components coupled with advanced features can madifigult to
encompass all data scenarios in a compon@&ata could bea large multivariate datasedr a highly
dense temporal set. These two types of datasets often require different solutions in terms of the
data processing, the element drawing, andoatbe end user experience of the visualization. To
facilitate the need forinteractive composite visualizatiocomponents- we break them down into
small blocks called atomic componenEg(re 4. Thesecan be combinedo form a fully functional
componentbut they are not dependent on each other. This concept can take many forms depending
on the parent component, theimplest example being how the map uses different layers to display
different levels of data presented belowdure 5. The same conceptised in other components.



