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Abstract

This paper reflects a challenging applied research task to stimulate, at global level, exchsatagistafal measures

and knowledgéhrough innovative Geovisual Analytics techniques. Establish progress initiatives at international and
regional (subnational)levels for measuring and collaborating, through statistical indicators, economic, sociahand e
vironmental develapents and to engage both statisticians and publigher integration driven by institutional pce

esses and economic globalisation is eroding national borders and creating competition along regional lines in the
world market. Sound information at sulational level and benchmarking of regions across countries, therefore, has
increased in importance in the policy agenda of many countries. In this context, National Center for Visual Analytics
(NCVA) has in close coll abor at ir @acustamizéed Wetanipiant toel foreni o p e d
teractively analyzing and communicating gained insights and discoveries about-spaperal and multivariate

OECD regional data.

INTRODUCTION

GeoAnalyticstools are designed to support higiyeractive exploatve spatial data analysis [31L0], [13] of large
geospatial data. They enable analysts to look at geospatial data from multiple perspectives anidtexpstirey and
importantrelationships that may exist over a wide array of spatial and multeatalesGeoAnalytics researclof

cuses irparticular on integrating cartographic approaches with visual representations and interactive methibes from
information visualizatiorommunityand on exploring data and enablicw/laboration and sharing oaned insights

over the Internet.

In this paper we illustrate thetroductionof a novelweb-enabledadvancedoolkit, composed o&eoAnalytics Visiali-
zation(GAV) componentswhichsuppors a broadcollection of dynamic interaction methodsing the Adbe's Flash
and Flex Jlatform GAV Flash is based on the principles behind\isial Analytics research program (dimas
2005) focusing orboth explorative and communitae visualdata analysiandanalytics reasoning aspe¢Egure 1)

Fig 1: GAV Flash toolkit is integrated and embedded with Adobe Flash and Flex. GAV Flash componentslare deve
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An emerging domain in webnabled geographical application is the visualization of secimomic information ated

tailed territorial level in a wayotenable both the analysis of regional differences and performance withintey cond
conparison ofdifferent areas across countri€ke GAV toolkit has beepromotedfor the exploration and analysis of

the OECD regional database which contains secmnomic indicators for some 1,000 regions across OECD countries.
Its development has been contdritven reseiving suggestions from domain experts on bmsombinegeographical

maps and information visualization prestions



Thekey feature of the resultingeoAnalytics demonstrataralledOECD eXplorer is its deployment to internet users
for dynamic webA first version of OECD eXplorer has been released at the end of October 2008 on the OECD web
site (Figure 2) An extendedorthcomingversion(March 2009), willenhance the possibility to explore trends over time
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Fig2: A snapshot of OECD eXplorérheweb user interfacwith three coordinated and linked views (Map, Scatter
Plot and Paallel Coordinate Plot (PCB) The coloured indicator s A E| d eendy yatéd e pleerfd ned as
the population agethore than65 years andhe amount of peopleetweeragesl5-64. Two regionsBerlin and Paris

are highlighted in all views and their profiles (black line types) in PCP can befasedmparison including OECD
EU mean values (greerYlost of the red (high elderly dependency yappears incountries such as Spain, Portugal,
France, West Germany and Itaayd much of the blu@ow rate)appears in Ireland, Holland anBast Europearoun-

tries (OECD eXplorer, 2008).

The paper is organized as follov@&ection 2describes the needs for such a tool as seen from the OECD. Sed¢ion 3
scribes themain components dhe GAV Flash GeoanalyticsSection 4discusses how regional informatimpresented
in OECD explorer, drawing examples from the OECD Regional databasmnSeecalls the main sles emerged du
ing the evaluation phase of OE@Xplorer and how they have beatddressed. The last secticoncludes and sets out
future devéopmerts.

THE USER PERSPECTIVE: THE OECD WISH -LIST

OECD countries have experiencagrowing interest in regional developméntecent yearfl2]. The performance of
regional economies and the effecti ven easdshapethe meag ofo n a l
well-being acrossountries For the past yeathe OECD has been studying regional disparities and development pa
terns in its member countries in order to evalimtevative strategies and diffuse suabelspolicies

This wok hasgenerated new demand for sound statistical information at theadidmal level on the source afional
competitivenessThe OECD Regional databasés a unique source of statistical information at-sational level for all

the OECD Coutries. Itcontains yearly timseries for arond 40 indicators on demograpteconorny and Bbour ma-

ket opportunities, environment, social issues and innovation related activitie®re tharl,700 regions of the OECD
countriesRegions within each OECD countryeatlassified on the basis of two territorial levels: the higher level (TL2)
consists of 335 large regions while the lower level (TL3) is composed of 1,679 small regions. Thisatiassif
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adopted in many countries in the design of regional policy,tieis greater comparability of regions at the same terr
torial level. The OECD regional database is available ostatstical Portal at th@ ECD websiteallowing users to
search and combine information on differerdtses.

Since 2005 thanalysis ofegionaleconomies halseensummarized in the biannual publicati®ECD Regions at a

Glance This publication illustrates, through graphs and maps, the use of regional indicators for the design &nd asses
ment of regional development policies. The focusnishe concentration of resources in a few regions within countries
and the persistence of disparities among regions in the access to resources and in their performance.

While these activities have generatatbwledge among experts, the OECD has sincefieihthe need tanake regional
data much more easily available on the web in an interactive and powerful way. In patbamake a morextensive
use of maps whichmoreeffectivelythan a graph, can convey the four dimensions included in the redaiabhse: -
tistical indicator, time variable, country value and regional value. Moremaaty userspressed wishe® be able to
select subsets of the databasédisplaythe results in maps linked to analytical toatslexport views of maps and
charts for use in other contexts.

Target groups for such a knowledgenerating visualization tool are quite diverse. A primary target group would of
course be the OECD experts themselves and the country expett&ain the policy evaluation©ther augknces in-

clude regional planners in countries, regional policy makers in a broader sense, journalists looking for interesgting st
about regionatlifferences, as well as the informed citizBecause of the different expertise and needs of thhetta
groups the toolshould bélexible and adaptable, so that different versions could be presented to different audiences

THE GEO-ANALYTICAL FRAMEWORK : THE NCVA TOOLBOX

The GeoAnalytics Visualization (GAYcomponent toolkit is basedidhe principles behththe Msual Analyticsre-
searchprogram[16] including aspects @xplorative and communicative data analySis. r st devel oped for
.Net and Direct{7],[8], the GAV Flash componentsavenow been adapted for tHaternetusng Adobes Flasbhasic
graphicsandFlex 3 for user interface desidfigurel)and dev el oped -oriemteddahguéige &cic ob | ect
Script. GAV Flashoffersa collectionof high-performance interactive visualizatieveb-enabledcomponentdased on
commonmethodsrom theinformation and geovisualizatiaesearch domaifigure 3). Highly interactive fetures

that support spatiabnalytical reasoning process asgosedsuch agpan, zoomtooltips, brushinghighlight, visual

inquiry, conditioned filter mechanisms that adiscoveroutliersanddynamicallylinked multiple viewsacheringto

Shnei denanmald]@Bverview and zoom, filter and detads-demand. The key novel Flash implemergtions

of the toolkitare described in more deta#low.
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Fig3: Example of GAWlash GeoAnalytics highly interactive components.

Layered components architecture

The GAV Flashframework enables rapid deploymearftcustomizedand usercentricapplications by combining low

level atomic and furtonal components, each one performirgnaall specific task in the overall G&oalytics process

(figure 3. The component way of thinking enables a shorter development time, scalability, extensibility, reusability and
robustness of applicatisnAn application is developeidom twolevels of canponens identified according to theiran

ture in the contexdf objectoriented pogramming:

Atomic level components are those level, highperformance and typically underlying data structure dependemt co
porents that constitute the core of a dyna@aoAnalytics applicatiar_owerlevel atomic components are used for
developing funtional and highly interactiveomponents. Atomic components fréxdobe Flex 3or other vendorgan



be used in assembling functional components. A rich set of componamtcesaiith fine grain control allows precise
matching to user tasks.

Functional level components are the middle tier components that are constituted by the combination of one or more
atomic components. These components typically implement the gener&iafitt of highprofile software for exam-
ple, an extendegbarallel coordinates ploPCP comporent

TheApplicationis the level that is constituted by the combination of one or more functional components. This level is
enduser accessible and typicaltyplements one or more of the functionalities in a mukliplked view envronment.

This architecture enableleveloperdo combine the componerftem GAV Flash with external Flash/Flex cooments
according to the specific needs.

Multiple -linked and coordinated views

Spatial and multivariate data are effectively analysedutiingahe use of multipinked and coordinatediews. In

order to detectomplex patterns it is convenient to vievthitough a number of different visual representation metiods
multaneouslyeach of which is best suited to highlight different pattams featuresT hese alternative and different

views on the data can help stimulate the visual thinking process #uatharacteristic for GeoAnalytic&AV Flash

uses Flash and fex layout management designvariousneededveb user interfaceTheviewsareseparated by inteca

tive splitersallowingthe user to scale thedividual views and allocate more space to visual representation that is most
important.The views are codinated using a data linking methatiere the visualization components use the sainedata
modeland colouring scheme, and where any dynamic filteringabing made in one of the linked visualization camp
nentspropagates to all the others via SelectiManager.

Visual highlighting is aatherimportant feature in a multiplinked GeoAnalytics application. Our implementation f
cuses on visual representations that useatiemtive highlighting styles like colour, shape and transparency. Figure 1
showshighlighting implementation in the map, PCP and Scatter Plot views. A combination of transparency and thick
coloured lines is applied in the PCP and hollow marked dots in the Scatter Plot.
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Fig4: OECD eXplorer with two choropleth maps (Focus&@ouy for TL3 North Anréca regions.
Dynamic classified Bcus & Context maps

The choropl et h (figarp4 pravides thesoxerall ddrtgxtGuch as rich eidase summary of &s

lected indicator for thousands of regions. Moving the mouse ovendbetooltips display actual indicator values for
comparisonThe fAFocus Mapo (right view) facilitates arzoom v
eas of particular interest. The user selects countries from-dguii menu. Azoomret angl e in the fACont
shows the posugiMdapdfvitdw. AF

Parallel coordinates plofPCP)

Theparallel coordinateplot PCP [6] technique has long history within the InfoVigesearch community and todesy
also accepted in various fieldsindustry and has demonstratedbeuseful inseveralapplicationdomains The

strength of thé>CP has already been demonstraitednanyscientificenvironmentg1],[2],[5] . The P is a suitable

and proverinformation visualization technigubat enalds visualrepresentation of spatial multivariate attribute data
and hence a key explorative mechanism in a GeoAnalytics applic@tierrelationships (or patterns) formed in thé?PC
have, over the years, been extensively evaluated and are toddynoetiby users irthe GeoAnalyticsresearch am-



munityi whereas the have, through this joint project, proven a new and welcome revelation to the statisticstgo
in and around OECDThe technique supports a large number of tasks for both analyses ohstligsdetween data
items as well as between indicatoffie GAV Flastenhanced PCBomponents the first known Flashmplementation
and intgrated with choropletmaps could help to increase its exploitation among the statisticians and gatdicTihe
PCP povides fetures:

1 Revealingcorrelation betweemdicators

1 Estimation of degree of similarity between regions;

1 Finding clusters and outliers;

1 Analyze thecharacteristics of many regigns

1 Picking and highlighting of interesting data items for prddifel comparison;

1 Comparison of individual characteristics of a region to tteatteristics of all regions

1 Comparison ofndicatorsassociated with a selected region;

1 Comparison of variationsf @alues of different indicators

1 Dynamic range sliders anthsstical methods fadefining events such as exceeding of a given threstmalddenit
fication of outliers;

1 Intuitive and dynamic visual inquirieiresholds and conditioned filteperations using range sliders and familiar st
tistical methods;

Fig5: A snapshot of the Parallel coordinat®ot on OECD eXplorerA selected®CP repgesentation wittfour in-

dicators forsmallregions inFrance(provinces) An axis represents a singhedicator and regions are represented by-co

oured strings pa#3g throughthe axes.This representation enables analysis of relationships between several indicators.

Negative relationship, for exHb84l andi siagkodwn 6Bbadwe &n mi
selected regions can be seen by highlightimgre Paris is highlighted in a black thick line. Inquiries difigring (re-

moving) regions can be germed using range sliders positioned at the toplasttbm of the axe@see figure b The green

thick line represents the mean valoehe total regios considered (in this case European countriegch column in

the tablecorresponds to aimdicator in the PCP and atring (regional area)to a row.

Each regions represented by a string (polyline) that intersects the axes at the values of the sirilbloiée region
Each axis represents a singidicator (e.g. population age groupd®, 1564 and 65+ etcip thestatisticaldataset.
Each indicator axis coesponds t@ column irthesprealsheet.The scaling of the ingidual axes typically rangefrom
theindicators minimum values at the bottom to their maximum values at th@ bagstring forms a visual rpresena-
tion of the charactéstics of one egional area- see thénighlightedthick blackline repesenting Paris in the figureeb
low. Differences between selected regions can be found by visually comparing therspiegsting themand pldted
with different line stylegfigure 2) This new PCP Flash v&@on has been furthekiended withdynamic visual inquies,
thresolds and fiter operations using range sliders gmefcentile statistics. These methods facilitate a novel impiame
tion of condtioned bcus & caotext choropleth linked maps steered by a P&Riibed futher kelow.



