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Abstract

Thetaskof namedentity annotatiorof unseen
text hasrecentlybeensuccessfullyautomated
with nearhumanperformance.

Butthefull taskinvolvesmorethanannotation,
i.e. identifying the scopeof each(continuous)
text spanandits class(suchasplacename).|t
alsoinvolvesgroundingthe namedentity (i.e.
establishingts denotationwith respectto the
world or amodel). The latteraspechassofar
beenngylected.

In this paper we shav how geo-spatiahamed
entitiescanbe groundedusing geographiaco-
ordinates,and how the resultscan be visual-
ized using off-the-shelfsoftware. We usethis
to comparea “textual surrogate”of a newspa-
per story, with a “visual surrogate”basedon
geographicoordinates.

1 Intr oduction

The task of named entity annotationof unseentext

has recently been successfully automated, achies-

ing nearhuman performanceusing machine learning
(ZhengandSu,2002). But mary applicationsalso re-

quire grounding — i.e., associatingeachclassi ed text

spanwith areferentin the world or somemodelthereof.
The currentpaperdiscussespatialgroundingof named
entitiesthatmaybereferentiallyambiguousysinga min-

imality heuristicthatis informedby externalgeographic
knowledgesourcesWe thenapplytheseideasto thecre-

ationof “visual surrogatesfor news articles.

This papeiis structuredasfollows: Sectiorld discusses
how spatialnamedentitiescanbe groundedandhow this
interactswith their extractionand applications. Section
B describes geo-spatiatesolutionalgorithm. Sectiord
shavs how mapscanbe automaticallyconstructedrom

named-entittaggednewnswire text usingresohed place
nameshencentroducinganew, graphicaldocumensur
rogate. Sectiorfd dealswith the usefulnes®f grounded
namecentitiesfor questioranswering Sectiorfdpresents
somerelatedwork, andSectiorld concludeghis paper

2 Spatial Grounding

Gazetteerarelargelists of namesf geographi@ntities,
usually enrichedwith further information, suchastheir
class(e.qg., town, river, dam, etc.), their size, and their
location (i.e. with respectto somerelative or absolute
coordinatesystemsuchaslongitudeandlatitude).
AppendiXAlidenti es somepublicly availablesources.
UN-LOCODE is the of cial gazetteerby the United
Nations;it is alsofreely availablefrom the UNECE Web
sitd] and containsmore than 36 000 locationsin 234
countries(UNECE,1998. The Alexandria Gazetteer
(Smithetal., 1996 [Frew etal., 1999 is anothedatabase
of geographicalentities, including both their coor

dinates and relationshipssuch as: in-state-of ,
in-province-of , in-county-of ,
in-country-of ,  in-region-of ,  part-of

andformerly-known-as

To date, NamedEntity Recognition(NER) hasonly
usedgazetteerasevidencethatatext spancouldbesome
kind of placename(LOCATION), eventhoughtheir nite
naturemakeslists of namesof limited usefor classi ca-
tion (Mikheev etal., 1999. Herewe usethemfor spatial
grounding- relatinglinguistic entitiesof subtypeLocA-
TION (GrishmanandSundheim 19989 to theirreal-world
counterparts.

“World Atlases"andthe gazetteerthatindex themare
not the only resourceghan can be usedfor grounding
spatial terms. In biomedicine, there are are several
brain atlasesf differentspeciesusingvariousdifferent
techniques,and focussingon both normal and disease
state; as well as a digital atlas of the human body

1 |nttp://www.unece.org/cefact/locode/service/main.htm
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Figure1l: Groundingan XML Ontologyin Voxels: The
MouseAtlas (Baldocketal., 1999).

basedon datafrom the Visible Human project. Such
atlasesand the nomenclatureghat label their parts,
provide an importantresourcefor biomedicalresearch
and clinical diagnosis. For example, the MouseAtlas
(Ringwaldetal., 1994 comprisesa sequenceof 3D

(volumetric) reconstructionsof the mouse embryo in

eachof its 26 Theiler Statesof development. Indexing

it is an part-of  hierarchyof anatomicalterms(such
asembryo.organsystem.cardiovascularsyste m-

.heart.atrium ), called the Mouse Anatomical
NomenclaturgMAN). Eachterm is mappedto one or

more setsof adjacenlvoxelﬂ that constitutethe term's

denotationin the embryo.Figurelillustratethis linkage
(using2D cross-sectionsh the EMAGE databasf.

Justasonemight nd it usefulfor informationextrac-
tion or questionansweringto groundgrographicterms
foundin previously unseertext, onemayalso nd it use-
ful to groundanatomicatermsin previously unseertext.
Oneexampleof thiswould bein providing supportfor the
curationof the GeneExpressiorDatabase(GXD)ﬂ This
supportcould comein the form of a namedentity recog-
nizerfor anatomicapartsin text, with groundingagainst
the MouseAtlas, usingthe gazetteetik e informationin
the MAN.

So what is the relationshipbetweena place name
gazetteetike UN-LOCODE andthe MouseAtlas? The
MAN is structuredin a similar part-of  hierarchyto
thatof geographicalocations:

USA embryo
California organsystem
SanMateoCounty cardiovascularsystem

Redwood City heart

Becausdothgazetteerike UN-LOCODE andbiomed-
ical atlasedik e the MouseAtlas provide spatialground-
ing for linguistic terms(Figurel), both can be usedto
reasormaboutspatio-temporasettingsof a discoursefor
instanceto resole referentialambiguity

2 Ppixelsarepointsin the2D plane x, y ; voxelsare3D gener
alizationsof pixels xy z .

3 |http://genex.hgu.mrc.ac.uk/Emage/database/intro.htmi
4 http://genex.hgu.mrc.ac.uk/Resources/GXDQuery1/

3 Place-NameResolutionfor Information
Extraction

Therearemary placesthatsharethe same(Berlin, Ger
many Berlin, WI, USA or similar names(York, UK

New York, USA), usually becausehistorically, the
foundersof a new town hadgivenit asimilar or thesame
nameasthe placethey emigratedrom.

When ambiguousplace namesare usedin cornversa-
tion or in text, it is usuallyclearto the hearerwhat spe-
ci ¢ referentis intended. First, spealer andhearerusu-
ally sharesomeextra-linguisticcontext andimplicitly ad-
hereto Grice's Cooperatie Principleandthe “maxims”
thatfollow, whichrequireaspealerto provide moreiden-
tifying informationabouta locationthat the recipientis
believedto be unfamiliar with. Secondlylinguistic con-
text can provide clues: an accidentreport on the road
betweerPerthandDundeepromotesaninterpretatiorof
Perthin Scotlandwhile anaccidenton theroadbetween
PerthandFreemantlgromotesaninterpretatiorof Perth
in WesternAustralia. Computersyvhich areboundto se-
lect referentsalgorithmically canexploit linguistic con-
text moreeasilythanextra-linguisticcontext, but eventhe
useof linguistic context requiregasalways)somesubtle
heuristicreasoning.

Groundingplacenamesmentionedin a text cansup-
porteffectivevisualization-for instancejn amultimedia
documensurrogatehat containstextual, videoandmap
elementdqe.g. in a questionansweringscenario) where
we wantto ensureghatthevideoshavstheregionandthe
mapis centeredaroundthe placesmentioned.

To make use of linguistic contet in resolving am-
biguousplace names,we apply two different minimal-
ity heuristics(GardentandWebber2001). The rst we
borraw (slightly modi ed) from work in automaticword
sensedisambiguation|Galeetal., 1992), calling it “one
referentper discourse”. It assumeghat a place name
mentionedin a discourserefers to the samelocation
throughoutthe discourse just as a word is assumedo
be usedin the sameone sensehroughoutthe discourse.
Neitheris logically necessarandhencebotharesimply
interpretationalbiases

Thesecondminimality heuristicassumeshat,in cases
wherethereis morethanone placenamementionedin
somespanof text, the smallestregion that is able to
groundthewholesetis theonethatgivesthemtheirinter
pretatiorﬁ This canbe usedto resohe referentialambi-
guity by proximity: i.e.,notonly is theplacenameBerlin
taken to denotethe sameBerlin throughouta discourse
unlessmentionectherwisd] but sodoesaPotsdammen-

5 Probablythe smallerthe span the moreoftenvalid will this
heuristicbe.

6 This paperis a rare exceptiondueto its meta-linguisticna-
ture.
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Gazetteer NamedEntity Grounding RealWorld

UN-LOCODE Novosibirsk 55°02 N; 82°55 E  (Novosibirsk)
(longitude/latitude)

MouseAtlas atrium 345,2,345; (partof theheart)

(setof voxels)

Figure2: ComparisorbetweerSpatialGroundingin UN-LOCODE andthe MouseAtlas.

B Places mentioned in discourse
@ Places NOT mentioned in discours
A potential Referents

Figure3: A Place-NamédResolutionMethod.

tionedtogetherwith a Berlin uniquelyselectthe capital
of Germaly asthelikely referentfrom the setof all can-
didateBerlinsf]

To illustrate this “spatial minimality” heuristic, con-
sider Figure@ Assumethat a mentionof placeA in a
text could eitherreferto A or A . If thetext alsocon-
tainstermsthatgroundunambiguouslyo I, J, andK, we
assumehereferentof Ais A ratherthanA becauséhe
formerleadsto a smallerspatialcontext.

To usethis “spatial minimality” heuristic,we startby
extracting all place namesusing a hnamedentity recog-
nizer We thenlook up the “confusionset” of potential
referentsfor eachplacename,e.g. for Berlin:  Berlin,
FRG (Germancapital); Berlin, WI, USA; Berlin, NJ,
USA; Berlin, CT, USA; Berlin, NH, USA,; Berlin, GA,
USA; Berlin, IL, USA; Berlin, NY, USA; Berlin, ND,
USA; Berlin, NJ,USA . Eachmemberof the setof po-
tentialreferentss associateavith its spatialcoordinates
(longitude/latitude)usinga gazetteerWe thencompute
the cross-productf all the confusionsets. (Eachmem-
ber of the cross-productontainsone potentialreferent
for eachplacename,alongwith its spatialcoordinates.)
For eachmemberof the cross-productywe computethe
areaof the minimal polygonboundingall the potential
referents,and selectas the intendedinterpretation,the
onewith the smallestaredl The resultingbehaiour is

7 despitethe fact that most placesnamedBerlin are in the
United States

8 One can approximatethis, either by computingthe sum of

Berlin; Potsdam
Fairburn; Berlin

Berlin, FRG (Germar)
Berlin, WI, USA

WestBerlin; Bishops;Dicktown Berlin, NJ,USA
KensingtonBerlin; New Britain Berlin, CT, USA
Copperville;Berlin; Gorham Berlin, NH, USA
Moultrie; Berlin Berlin, GA, USA

Berlin; Prouty Berlin, IL, USA

Berlin; Berlin Center;Cherryplain Berlin, NY, USA
Medberry;Berlin Berlin, ND, USA

Figure 4: Spatial ReferenceResolutionUsing Spatial
Minimality.

shownin Figure dependingon contextually mentioned
otherplacesadifferentBerlin is selected.

Thevalueof this heuristicneedgo beassesseduanti-
tatively againstvarioustypesof text.

In resolvinganatomicaldesignatorsn text, we may
employ a variation of the spatial minimality heuristic,
basedon the fact that no listing will ever be complete
with respecto all the existing or new-mintedsynoryms
for anatomicaterms.

Whengroundingthe anatomicatermsin thetext

In subsequenstages until birth, cytoleratin 8

continuesto be expressedin embryonictaste
budsdistributedin punctuatepatternsat regu-

lar intervalsalongrowsthatare symmetrically
locatedon both sidesof the mediansulcusin

thedorsal anterior developingtongue

we nd no mediansulcuswithin the MAN, only alveo-
lar sulcus optic sulcus pre-otic sulcus sulcuslimitans
andsulcusterminalis We just assumehatall anatomi-
cal termsreferto previously recognizedanatomicaknti-
ties, just aswe assumehatall geographidermsreferto
existing geographicentitiesandnot, for example,some
new town called“Berlin” or “London” thatis not yetin
the gazetteer Hencemediansulcusis assumedo be a
synorym for oneof the ve sulci givenin the MAN. At
this point, we caninvoke the spatialminimality heuris-
tic, looking for the minimal boundingspacethatincludes
tongueand one of the ve sulci, hereyielding “sulcus
terminalis”. Thusthe spatialminimality heuristicis here

pairwisepoint-pointdistancespr symbolically usinga hierar
chicalgazettees relations,suchasin-region-of



usedwith otherassumption$o resol\e missingor previ-
ouslyunseenerms.

4 Visualization of Geo-SpatialAspectsin
Narrati ve

The usefulness of visual representations to
corvey information is widely recognized (cf.
(CarkinandSimon,1987)). Here,we usethe grounding
of named entities in news storiesto createa visual
surrogatehatrepresentgheir “spatialaboutness”.

Two news storieswere selectedrom online newvspa-
person the sameday (2003-02-21):0nestory (Appendix
B) reportsthe tragic deathof a babyfrom Londonin a
Glasgav hospitaldespite ying it to a Glasgav special-
ist hospitalin the Royal aircraft(BBC News, 2003, and
theotherreport(AppendixC) describeshe searctof the
Californianpolice for a pregnantwomenfrom Modesto,
CA, who hasdisappeareThe MercuryNews, 2003.

We usethe term “surrogate”to referto a partial view
of atext (e.g. (Leidner 2002). Figure5 shows a tex-
tual surrogaten the form of all placenamesfoundin a
text: ananalystwho wantsto geta quick overview about
thelocationsinvolvedin someitem of news reportageto
decideits local interestor relevance,might nd sucha
surrogatenelpful, althoughthe sourcewould still have to
beskim-read.

Story A

... Scotland... Tooting... London... Glasgav ... London
... Glasgav ... Northolt... Glasgav ... Britain ... Prestwick
... Tooting... Glasgav ... UK ... (Glasgw) ...

Story B

Modesto... (SoutherrCalifornia)... (Modesto)... Los
Angeles... Sacramento.. Berkeley (Marina)... Fresno
... Oakland... Modesto... Los Angeles... Southern
California... Modesto... SouthernCalifornia... New York
... Longlsland...

Figure5: A Textual Geo-SpatiaDocumentSurrogatdor
the Storiesin AppendicesB andC.

We now comparethis “baseline”textual surrogateo a
graphicalmaprepresentatiothatdrawns onthealgorithm
introducedbefore.Our simplevisualisatiormethodcom-
prisesthe following componentgFigure 6): an (open-
domain) news item is fed into locotagger, our sim-
ple namedentity taggerfor place namesbasedon UN-
LOCODE? It recognisedocationnamesresoles mul-
tireferentialplacenamesandlooksup the coordinates:

9 For the experimentreportedhere, we also useddata from
http://www.astro.com/cgi/aq.cgi?lang=e.

[ Named Entity }
— N —
Tagging

Longitute/

Latitude Lookup
P Map Placename
Generator Resolution

Figure6: SystemArchitecture.

Newswire Text

Graphical Map

Scott, more than a dozen news crews
from <ENAMEXtype="LOCATION" longitude=
"-118.25" latitude="34.05">Los
Angeles</ENAMEX> to <ENAMEXtype=
"LOCATION" longitude="121.5"
latitude="38.583333">Sacramento

</ENAMEX> camped out front.

Fromthetext we obtaina vectorof typesof all spatial
namedentitieswith their frequeng of occurrencen the
text:

UK : 1 Modego: 3
<dland: 1 SouthemCali for.nla )
Todting: 2 LosAngles: 2

: Sacrameno:: 1
London: 2 Berkeley : 1
Glasgow. 5 ey
: Fresno: 1
Northolt : 2 .
Pregwick: 1 Oaland: 1
Britain: 1 NewYork : 1
' Longlsland: 1

For simplicity, we drop thosethat correspondo regions
(which are representedy setsof points) and feed the
remaininglist of point coordinategcorresondingo vil-
lagesandcities)into a mapgeneratoto generatea Mer-
catorprojectionof the geographicahreathatincludesall
thepointsplus10%of thesurroundingarea.For this, The
GenericMap Tools (GMT)'° wereused,in this casevia
HTTP

Figure 7 shaws theresultingmapfor the storyin Ap-
pendixB'? Figure9 shavs the mapfor the storyin Ap-
pendixC. Clearly, suchavisualsurrogates superiomwith
respecto comprehensiotime thanthe textual surrogate
presentedbefore. It is interestingso seewhat happens
if we leave out the nal paragraptor the map creation
(Figure8): we obtaina “zoomed-in”versionof themap.
This turnsout to be the casefor mary storiesandis due
to the corventionof newsreportagdo closeareportwith
linking the narrative to similar eventsin orderto present
theeventin awider context.

10 http://gmt.soest.hawaii.edu/

11 http://stellwagen.er.usgs.gov/mapit/

12 pjacenameghataretoo smallto becontainedn thegazetteer
(Tooting/Northold)areignored.
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Figure 7: Automatic Visualizationof Story B: A Baby
Flown from Londonto Glasgav for Medical Treatment
Diesthere.
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Figure9: Story C: TheFinal ParagraptPlaceshe Event
in Context (Global View; CompleteStory).



(Shanon1979 discussesow the granularity of the
answersto whee-questionsdependson the reference
pointsof spealer andlistener(Whee is the Empire State
Building?—(a) In New York, (b) In theU.S.A (c) On34th
Streetand 3rd Avenud; the mapgeneratiortaskdepends
on suchlevels of granularityin the sensehatto createa
usefulmap,entitiesthatbelongto the samédevel of gran-
ularity or scaleshouldbe marked (e.g. city—city rather
thanvillage—continent).

5 QuestionAnswering

Usinggroundingknowledgein gazetteeralsoenablesis
to answerquestionsn naturallanguagemoreeffectively:

1. Whatis X?
Q: Whatis Kangiqsualujjuaq?
A: Kangigsualujjuags a placeappoximately1500kilo-
metes north of Montreal, Canada. (For some place
namesmary humanscannottell they referto places.)

2. Wheeis X?
Q: Wheeis Cannedocated?
A: [shouldyield a surrogatebasedon textual descriptions
generatedrom the gazetteerelations:
Xis-type Y, Xpart-of Zandthecoordinatesplusa
mapasgeneratedbove, with additionalimagesg.g.from
satellitesor picturesearchenginesasavailable.]

3. WhatX is Y part of?
Q: Whatis ‘BadBermgzabern'part of?
A: BadBemzaberris part of the Fedeal Republicof Ger-
many
Q: Is Andorra la \ella part of Spain?
A: No, Andorra la \ella belongsto Andorra.

4. Howfaris X fromY?
Q: Howfar is Cambridg fromLondon?
A: ThedistancebetweerLondon,England,United King-
domand Cambridg, England,United Kingdomis 79 km
(49 milesor 43 nauticalmiles).
Note herethat the spatial minimality heuristic resolhes
Cambridgeand Londonto placesin the UK ratherthan,
say London, Ontario, Canadaand Cambridge,Mass.,
USA. However the answemalkes clearthe preciseques-
tion beingadressedso the usercanfollup up with a dif-
ferentquestionf this wasnotwhatheor sheintended.

Since sophisticatedjazetteersare available, answering
suchquestionsshouldnot be basedon textual extraction
from Internetsourcesput be basedon the gazetteersli-
rectly, which reduceshoise.

6 RelatedWork

Whereas lot of work hasbeendonein the areaof spa-
tial database¢Shekhaetal., 1999 Freytagetal.,200Q
Paredaensl995 ParedaensndKuijpers,1998, little
attentionseemsgo have beengivensofar to the problem
of generatingnapsfrom text or annotatingnapswith in-
formationelicited from unstructuredlocuments.

The work presentedhere perhaps most closely
resembles that of (Mackinlay, 1986 Casner199Q
RothandHe ey, 1993 who describesystemsthat gen-
eratemultimedial representationgpotentially including
maps, but from a formalized knowledge sourcerather
thanunstructuredext, and(Waldingeretal., 2002, who
describeGeo-Logica,a systemthat can transformre-
guestdo seeaplace(formulatedn naturallanguagejnto
athree-dimensionaerialview.

7 Summary and Conclusion

Rich gazetteerscan be helpful in determiningunique
geospatiateferentsandhave mary applications.

Startingwith a descriptionof how spatialnamedenti-
tiescanbegroundedn thephysicalworld usinggazetteer
knowledgein two differentdomains,we have described
a heuristic methodto resohe place namesusing such
gazetteers.

We have thenappliedour methodto the taskof draw-
ing mapsfrom text automatically These(geo-)graphical
documentsurrogategive anovervien aboutwhere are-
portednews eventtakes place. We do not know of pre-
viousattemptgo creategeographicainapsautomatically
from unconstrainethevswiretext.

Many venuesfor further researchcan be conceved,
for instance,a ner granularityof analysiscould reveal
more namedentity classegincluding e.g. brigdgesand
other artifacts) and their relative ortientation. Maps as
createdherecould alsobe usedto producean animation
from multiple documentgwith differenttime-stampspn
the sametopic to illustrate how theimportanceof places
shifts over time, which could aid analystsin their timely
identi cation of regionsof crisis.
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B Story Royal Mercy Flight BabyDies

“We would like to saythankyou for all the careKhola has
receved; they saidin astatement.

“We wishto thankthe hospitalstaf in Glasgav andLondon,
theteamwhotransportedKhola, andthe Queerfor allowing the
useof herplane. We alsowish to thankeveryonewho prayed
for ourdaughtet

Kholawastakento Yorkhill HospitalAn RAF Herculeshad
initially beenscheduledo take thebabyto Glasgav lastmonth.
However, it burstatyre asit landedat Northolt.

It wasthendecidedto y thebabyandthe medicalteamto
Glasgav in anaircraftfrom the Royal Squadron.

Thefour-engineBritish Aerospacd 46 wasthe sameaircraft
usedfor the Queens JubileeTour of Britain lastyear

A Royal Navy helicopterat Prestwickwas mobilised and
o wnin badweatheito RAF Northoltwherethespecialismed-
ical teamon boardwastransferredo St Geoge's Hospitalin
Tooting.

Thebabywasstabilisedn anincubatorthroughouthenight
beforethetransferto Glasgev. Doctorsat Yorkhill saidKhola
hadbeenin needof respiratorysupport.

Four hospitalsin the UK can provide extracorporeaimem-
braneoxygenatiofECMO) for breathingdif culties, but Glas-
gow wastheonly hospitalableto accommodat&hola.

Theprocessnvolvestakingthebaby's bloodoutof thebody,
throughanarti cial lung andpumpingit backin, allowing the
baby’s lungsto rest.

C Story NewsCrewsWait and Watch as
Police Seard Home of Missing Woman

The mediacircuswasonly the latestin along line thathave
sprungup aroundhigh-pro le criminal caseswherethe nens
is scantbut the demandfor information — even the smallest
morsel— soarsoff the charts. “Peoplehave beeninterestedn
this type of story sincepre-biblicaltimes] said JoeSaltzman,
associateleanatthe Annenbeg Schoolfor Communicationst
the University of SouthernCalifornia. “We live in a globalvil-
lagewhereeveryoneis our neighboy andthis is aninteresting
storyabouta manwhosepregnantwife is kidnapped.

As Modesto police completedtheir secondday combing
through the home that missing motherto-be Laci Peterson
sharedwith herhusbandScott,morethana dozennews crews
from Los Angelesto Sacramenteampedutfront. Mary of the
reportershuddledunderatenthastilyerectecby onereporteras
it rainedandhailed.

Detectve Doug Ridenoursaid Wednesdayhat investigators
hadcompletedheirwork, removing about95 bagsof evidence.
On TuesdayAmy Rocha the sisterof the missingwoman,ac-
companieddetectvesinto the modestthree-bedroonmomefor
abouttwo hours.But onWednesdayinvestigatorsvorkedalone
— completingtheir taskabout5 p.m. They alsoplannedto do a
walk-throughwith ScottPeterson.

“We've beenable to accomplisha lot,” Ridenourtold re-
portersat the Petersorhouse. “But hereat this point we just
don't have the signi cant evidencewe needto nd Laci or to
move in anotherdirection’

Ridenourwould not reveal when detectves would analyze
whatthey took avay or whenthey would releasea detailedde-
scriptionof whatthey found.

He alsorepeateda familiar refrain: ScottPetersoris not a
suspectbut he hasnot beenruled out asone. Suspicionhas
hoveredover Petersorsincehis wife vanishedDec. 24, a day
hesaidhewas shing atthe Berkeley Marina85 milesaway.

[-]

Kornbeg, whois bestknown for representingmanthepub-
lic lovedto hate—Jog Buttafuocowho hadatorrid affair with
Long IslandteenageiAmy Fisher— said the only way to end
suchsidesharsis to corvert the Americansystemof justice“to
the Englishsystem whereyou announcehe arrestof anindi-

vidual andthenyou announcehe verdictwhenit's over”



