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1 Summary

This threeyearprojectdemonstratedimproved accessto written materialandnumericaldataon thesame
topicwhensearchingtwo verydifferentkindsof databases(books,articles,andtheirbibliographicrecords)
andnumericaldata(socio-economicdatabases).Also, searchsupportwasdevelopedfor transversesearch-
ing wherebydatafound in a text databasecanbeusedto find relateddatain a numericdatabaseandvice
versa.

2 Introduction

A hopefor new technologyin librarieshasbeento supportseamlesssearchingacrossanincreasingrangeof
resourceson a growing digital landscape.Thereality is thatnetwork-accessibleresources,like thecontents
of awell-stockedreferencelibrary, arequiteheterogeneous,especiallyin thevarietyof indexing, classifica-
tion, categorization,andotherformsof “metadata.”

The intentof this projectis to demonstrateimprovedaccessto written materialandnumericaldataon
the sametopic whensearchingtwo quite differentkinds of database:text databases(books,articles,and
their bibliographicrecords)andnumericaldata(socio-economicdatabases).

The problemis that therehas,until now, beenno easypath to integratenumericdatabaseswith bib-
liographicandtextual databaseswhich might containknowledgeaboutcauseandeffect. The vocabulary
which classifiesthenumericdatamay bequitedifferentfrom thesubjectheadingsusedfor books,maga-
zinearticles,andnewspaperstoriesaboutthesametopic of interest.Also thereneedsto beanenvironment
of searchsupportthat facilitatessuchtransversesearching,establishingconnections,transferringdataand
invokingappropriateutilities in ahelpfulway.

This projectaddressesbothproblemsthroughthedevelopmentanddemonstrationof a library gateway
providing searchsupportfor bothtext andsocio-economicnumericdatabases.Thegateway will helpusers
conductsearchesin eachtype of databaseby acceptinga query in the library users’own termsandthen
suggestingthe specializedcategorizationtermsto searchfor in the informationresource(database).The
intentis thatif you foundsomethinginterestingin a socio-economicdatabase,thegateway will helpyou to
find documentson thesametopic in a text database,andvice versa.Selectionof thebestsearchtermsin
thetargetdatabasesis supportedby theuseof “Entry Vocabulary Indexes,” whichresembleMelvil Dewey’s
“Relative Index,” but arecreatedusingstatisticalassociationtechniques.
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3 Data sets

We obtaineda copy of the MARC files from MELVYL, the University of California online catalog. We
selected4,246,510recordscontainingat leastonesubjectheading(6xx field). Fromthis setof records,we
extractedthefieldscontainingtitles andsubtitles(245,subfieldsa andb), summariesdescribingthescope
andgeneralcontentof the material(520, subfielda), andmain subjectheadings(6xx, subfielda). Two
samplerecordsareshown below.

Sample record 1:
<DOC>
<001>73180254 //r86</001>
<245><a>A study of operant conditioning under delayed reinforcement
in early infancy</a></245>
<650><a>Infant psychology.</a></650>
<650><a>Operant conditioning.</a></650>
</DOC>

Sample record 2:
<DOC>
<001>73180255 </001>
<245><a>Reptilian disease: recognition and treatment,</a></245>
<650><a>Reptiles</a><x>Diseases.</x></650>
</DOC>

4 Association Measure

We usedstatisticalassociationmethodsto provide a pathfrom the wordsin the queryto the topical clas-
sification(classificationnumbers,category codes,subjectheadings,etc.) in the dataset. The final stage
to creationof an Entry Vocabulary Index is to develop a maximumlikelihoodratio weightingassociated
with eachterm(word or phrase)andeachmetadatavalue.Oneconstructsa two-way contingency tablefor
eachpair of word/phraseterms

�
andclassificationcodes� asshown in table1. where � is thenumberof

� ����
a b

� �
c d

Table1: Contingency tablefrom words/phrasesto classification

documentswith titlescontainingthewordor phraseandclassifiedby theclassificationcode;� is thenumber
of documentswith titles containingtheword or phrasebut not classifiedby theclassificationcode; � is the
numberof documentswith titles not containingtheword or phrasebut classifiedby theclassificationcode;
and � is the numberof documentswith titles not containingthe word or phraseandnot classifiedby the
classificationcode.

The associationscorebetweena word/phrase
�

and an classification� is computedfollowing Dun-
ning [3]
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Metadatacan be Library of CongressSubjectHeadings(LCSH), Library of CongressClassification

Numbers,U.S.PatentClassificationNumbers,andsoon. Onecancreatenot only associative dictionaries
thatwill mapwordsin naturallanguagesinto metadataterms,but also,in reverse,associative dictionaries
that will returnwords in naturallanguagethat arecloselyassociatedwith a metadataterm. If thereare
trainingrecordscontainingtexts in two languages,thenonecouldcreateassociative dictionariesthatwill,
in responseto wordsasquerywordsin onelanguage,returnwordsin the otherlanguagethat areclosely
associatedwith thequerywords.

In addition to the maximumlikelihoodratio-basedassociationmeasure,therearea numberof other
associationmeasures,suchastheChi-squarestatistic,mutualinformationmeasure,andsoon, thatonecan
employ in creatingassociationdictionaries.

5 Entry Vocabulary Indexes

Entry vocabulary indexes(EVIs) areassociative dictionariesthat mapvocabulariesfrom onelanguageto
another. We have createdanentryvocabulary index thatmapswordsin naturallanguageto theLibrary of
CongressSubjectHeadings(LCSH) that aremostcloselyassociatedwith the querywords,andan entry
vocabulary index thatmapsaLCSHto wordsthataremostcloselyassociatedwith eachmainheadingin the
LCSH.

5.1 Pre-processing

Thetrainingsetusedto createthisword-to-LCSHentryvocabulary index containsthebibliographicrecords
with at leastoneassignedLibrary of CongressSubjectHeading(i.e., at leastone6xx field). The words
areextractedfrom the subfieldsa andb in the title field 245, and from the subfielda in field 520. The
texts in subfieldsa and b of field 245, and in subfielda of field 520 are tokenized; the stopwords are
removed; andthe remainingwordsarenormalized.A token herecancontainonly lettersanddigits. All
tokensarethenchangedto lower case.The stoplisthasabout600 wordsthat areconsiderednot content-
bearingwords,suchaspronouns,prepositions,coordinators,determiners,andthelike. Wereferto thewords
thatarenot stopwordsascontentwords. Thecontentwordsarenormalizedusinga tablederived from an
Englishmorphologicalanalyzer[2]. The tablemapsplural nounsinto singularones;verbsinto the base
form (theinfinitive form); andcomparativeandsuperlativeadjectivesto thepositive form. For example,the
plural nounprinters is reducedto printer, andchildren to child; the comparative adjective longer andthe
superlativeadjective longest arereducedto long; andprinting, printed andprints areall reducedto thesame
baseform print. Whena word belongingto morethanonepart-of-speechcategory canbereducedto more
thanoneform, it is changedto thefirst form listedin themorphologicalanalyzertable.As anexample,the
word saw, whichcanbeanounor theverbsee in thepasttense,is not reducedto see. Thesubjectheadings
are extractedfrom the subfielda of fields 600, 610, 611, 630, 650, and 651. The subjectheadingsare
changedto lowercase.Eachsubjectheadingin thesubfield� of a6xx field is treatedasoneunit in creating
theword to LCSHentryvocabulary index. Thetexts in MARC recordsareencodedin MARC-21encoding.
Thecharacterswith diacritic marksareencodedin two bytes,onebyte for thebasecharacterfollowedby
anotherfor thediacriticmark. In pre-processingthedata,wedid not remove thediacriticmarks.

Fromthis trainingsetof MARC recordswe createda word to LCSH entryvocabulary index usingthe
statisticalassociationmeasuredescribedin section4.
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5.2 Word to LCSH Entry Vocabulary Index

A word to LCSH entryvocabulary index mapsa word to LCSHsthataremoststronglyassociatedwith the
queryword. As anexample,thefollowing tablepresentsthetop-rankedtenLCSHs(only thesubfield � in
lowercase)thataremoststronglyassociatedwith thequeryword alcoholism.

Rank LCSH (subfielda) Weight
1 alcoholism 7470.46
2 alcoholic 1745.23
3 alcohol 709.26
4 alcoholismandemployment 318.26
5 drugabuse 257.75
6 alcohol,ethyl 235.13
7 drinking of alcoholicbeverages 151.46
8 substanceabuse 146.04
9 childrenof alcoholics 129.53
10 socialwork with alcoholics 73.91

An entry vocabulary index takesasquerya text fragmentwhich canbe a singleword, a phrase,a set
of keywords,an incomplete(or complete)sentence,a book title, andsoon. Thequeryis processedin the
sameway as the texts extractedfrom MARC fields 245 and520 when the dictionarywas created. The
queryis first tokenized,stopwordsremoved,andthenthecontentwordsnormalized.Thesetof normalized
wordsaresubmittedto theentryvocabulary index. For eachword,a list of rankedLCSHswith association
weights,like theoneshown in thetableabove, is generated.Therankedlists of LCSHsfor all thecontent
querywordsarecombinedto createa unifiedranked list of LCSHsfor thewholequery. No distinctionis
madebetweenlanguages,so foreignwordsfound in the titles of booksin foreign languagesareincluded.
For example,a queryusing the word Wirtschaftspolitik, which meanseconomic policy in German,leads
appropriatelyto thefollowing subjectheadings:

Rank LCSH (subfielda) Weight
1 economicpolicy 756.90
2 germany (west) 645.02
3 switzerland 97.70
4 regionalplanning 96.39
5 economics 92.14

As an exampleof a queryhaving morethanoneword, the top-ranked ten LCSHs(only subfield � in
lowercase)thataremoststronglyassociatedwith thequerypeanut butter arelistedin thetablebelow.

Rank LCSH Weight
1 peanut 1343.90
2 cookery (peanutbutter) 429.61
3 cookery (peanuts) 423.47
4 peanutindustry 359.57
5 peanutbutter 316.23
6 butter 309.36
7 schulz,charlesm 277.30
8 cookery 197.08
9 peanutproducts 170.05
10 peanutcraft 123.15
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The ranked list of LCSHsfor the querypeanut butter wasproducedby combiningthe ranked list of
LCSHsfor thequeryword peanut andthatfor thequeryword butter. In combiningrankedlists of LCSHs,
theweightsfor thesameLCSH areadded.As anotherexample,thefollowing tablepresentsthetop-ranked
tenLCSHs(only subfield� in lowercase)for thequeryVietnam War.

Rank LCSH Weight
1 world war, 1939-1945 16430.62
2 vietnameseconflict,1961-1975 15388.68
3 unitedstates 13989.66
4 world war, 1914-1918 8055.60
5 vietnam 6523.90
6 war 5503.86
7 soldier 2485.60
8 greatbritain 2209.91
9 cold war 2185.69
10 world politics 1725.20

5.3 LCSH to Words Entry Vocabulary Index

Theexamplespresentedin theprevioussectionhavedemonstratedtheuseof associationmeasuresin creat-
ing entryvocabulary indexesthatwill prompta rankedlist of LCSHsthataremostcloselyassociatedwith
a query. Thesamestatisticalassociationmeasurecanalsobeusedto createentryvocabulary indexesthat
will prompta rankedlist of words or phrases thataremostcloselyassociatedwith aLCSH.Fromthesame
trainingsetof bibliographicrecords,we createda LCSH-to-word entryvocabulary index that returnsa list
of wordsthataremostcloselyassociatedwith aLCSH.As anexample,thetop-rankedtwentywords,found
in thetitle or notesfields,thataremostcloselyassociatedwith thesubjectheadingAlcoholism arepresented
in thetablebelow.

Rank LCSH (subfielda) Weight
1 alcohol 13471.94
2 alcoholism 11715.56
3 abuse 3708.09
4 drug 3467.22
5 drink 2563.53
6 alcoholic 2534.91
7 treatment 2349.03
8 prevention 1263.94
9 problem 1148.03
10 addiction 886.81
11 alcoholismo 865.75
12 substance 800.53
13 alcoolisme 436.38
14 alkohol 427.22
15 dependence 402.81
16 drinker 320.47
17 alcool 314.31
18 addictive 258.84
19 recovery 238.44
20 programme 231.75
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Note the inclusionof foreign words(alcoholismo,alcoolisme,alkohol, andalcool). Thesewords,de-
rivedfrom titles in foreignlanguages,demonstratethatthetechniqueis language-independentandcouldbe
adoptedin any country. It canalsosupportdiversityin U.S.librariesby allowing searchesin Spanishor any
otherlanguages,so long asthetrainingsetcontainscontentwordsin thoselanguagesin titles or abstracts.
Bothentryvocabularyindexesarepublicly accessibleathttp://metadata.sims.berkeley.edu/prototypesI.html.

6 Access to an Online Catalog

To demonstratethe searchingcapability from a bibliographicrecordto somenumericdatabase,the first
stepis to retrieve anddisplaya bibliographicrecordfrom anonlinecatalog.We implementeda web-based
interfacefor searchingonline catalogsusingan in-houseimplementationof theZ39.50protocol. Besides
the Z39.50protocol,an importantcomponentthat makessearchingremoteonline catalogsfeasibleis the
gateway betweentheHTTP (Hypertext TransferProtocol)protocolandtheZ39.50protocol. While HTTP
is a connectionless-orientedprotocol,theZ39.50is a connection-orientedprotocol.Thegateway maintains
connectionsto remoteZ39.50servers. All searchrequeststo any remoteZ39.50server go throughthe
gateway.

Figure1: Searchinterface.

The web-basedsearchinterface,shown in Figure1, takesa queryasinput andthensubmitsthe queryto
theword-to-LCSH entryvocabulary index. In responseto thequery, a ranked list of LCSHsthataremost
closelyassociatedwith thequeryis returned.

Figure2 presentsthetop-rankedfive subjectheadingsmostcloselyrelatedto thequerypublic libraries in
California. From this ranked list of LCSHs, a usercanselectoneLCSH, and thenclick on the Search
Melvyl buttonto forwardtheselectedLCSHasaqueryto theMELVYL onlinecatalog.Thewebclientwill
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Figure2: EVI searchresults.

formulatea searchqueryfrom theselectedLCSH andsendit to thewebserver which will, in turn, sendit
to thegateway. Thegateway will establisha connectionto theremoteZ39.50server (theMEYLVL online
catalog)if the connectiondoesnot exist yet. The gateway will thensendthe searchqueryto the remote
Z39.50server. An exact subjectheadingsearchwill be executedat the MELVYL site. And the search
resultswill be returnedthroughthegateway andthewebserver to thewebclient for displayon theuser’s
screen.A searchresultentry, if any, containsonly author’s nameandthetitle. The initial displaymaynot
list all the retrieved recordssinceonly a small numberof bibliographicrecordsis returnedin responseto
eachrequestdueto limited messagesize.However, theuserhastheoptionto requestmoreretrievedrecords
by specifyingtherangeof recordsto bereturnedusingtheZ39.50protocol. Figure3 presents4 out of the

Figure3: Part of thesearchresultreturnedby MELVYL.

132retrievedtitles asa resultof performinganexact subjectheadingsearchon thequerypublic libraries
at theMELVYL site. Fromthis list of searchresultsdisplayedin shortform, a usercanchooseto display
the full MARC recordin taggedform. The full MARC recordin taggedform for title 12 is displayedin
Figure4.
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Figure4: A MARC recorddisplayedin taggedform.

7 Access to Numeric Databases

CreatinganEntryVocabulary Index requiresa trainingsetof recordscontainingbothdescriptivewordsand
topicalmetadata.This is oftennot readilyavailablefor numericdatasets.Our first effort wasto createan
Entry Vocabulary Index to theStandardIndustrialClassification,widely usedover many yearsin numeric
datasets.This wasfeasiblebecausewe founda bibliographicdatabasewhich usedSIC codesto serve as
a trainingset. But by the time theSIC Entry Vocabulary Index wascompleted,theSIC wasdiscontinued,
replacedby theNorth AmericanIndustryClassificationSystem,sowe createda mappingfrom SIC codes
to NAICS codes.By this time it hadbecomeapparentthat,with thecurrentlow level of interoperabilityin
softwareanddataformats,thelaborrequiredto createEntry Vocabulary Indexesandinterfacesto numeric
datasetswaslarge. We couldnot dealwith morethantwo or threedatasetswithin the fundingavailable,
much lessthat we had hopedfor. In order to prevent the costsof EVI and interfacedevelopmentfrom
limiting theprojectin this way, we turnedour attentionto a collectionof 3,000numericdatasetsavailable
throughasingleinterfaceandknown asCountingCalifornia.

7.1 Numeric Database

The numericdatabasewe usedto demonstrateimproved searchingcapabilitiesfor accessingto numeric
databasesis the CountingCalifornia Numeric Databasemadeavailable by California Digital Library at
http://countingcalifornia.cdlib.org/. The databaseis a collectionof some3,000numerictablescontaining
statisticsrelatedto a rangeof topics. Thenumericdatasetsaremainly from theCaliforniaDepartmentof
HealthServices,CaliforniaDepartmentof Finance,andtheBureauof theCensus.Thetablesareorganized
undera two-level classificationschemebasedon the topics. Thereare16 topicsat the top level, which
aresubdivided into 184subtopics(Source:http://countingcalifornia.cdlib.org/). All thenumerictablesare
placedunderthesubtopics,somemayplacedundermorethanonesubtopic.Thetop level topicsare:
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1 AgricultureandNaturalResources
2 Banking,FinanceandInsurance
3 BusinessandIndustry
4 Crime,Law Enforcement& Criminal Justice
5 Education
6 Elections
7 Energy andPublicUtilities
8 HealthandVital Statistics
9 HousingCharacteristicsandCosts
10 Income,Poverty, andCostof Living
11 Land,WaterandClimate
12 PopulationandDemographics
13 PublicFinance,Government& Taxes
14 SocialServicesandPublicAssistance
15 Transportation
16 Work, Labor, andEmployment

Source:http://countingcalifornia.cdlib.org/ (2002)

As anexample,thesubtopicsunderthemaintopic Agriculture and Natural Resources are:

1 FarmsandFarming
2 Fishing
3 ForestryandLumber
4 Minerals

At theCountingCaliforniawebsite,ausercanbrowsethetablesby topic,startingfrom atoplevel topic,
to aselectedsubtopic,thento aselectedtable.TheBooleansearchingof thetablesis alsoprovided.

We have providedtwo new waysto accessto this setof numerictables,probabilistic retrieval andEVI-
based retrieval. We have extractedthecaptionsof some3,000tablesfrom theCountingCaliforniawebsite
at http://countingcalifornia.cdlib.org/, andtreatedthe captionof a tableasa record. An extractedsample
recordis shown in thefollowing table.

<table>
<topic> education </topic>
<subtopic> libraries </subtopic>
<caption>
LIBRARY STATISTICS, STATEWIDE SUMMARY BY TYPE OF LIBRARY CALIFORNIA,
1992-93 TO 1997-98
</caption>
</table>

Eachrecordcontainsthecaptionof a numerictable,thesubtopicunderwhich thetableis placed,andtopic
at thetop level.

7.2 Probabilistic Access to a Numeric Database

We createda word index for this collectionof about3,000records. The texts in the caption field were
tokenizedfirst; stopwordsremoved; andthenthe contentwordsnormalized. We provided an web-based
searchinterface,shown in Figure5 andavailableat http://otlet.sims.berkeley.edu/countingcalifornia.html,
thatwill takequeriesin freeform. A querycanbeasingleword,aphrase,asetof keywords,incompleteor
completesentences.
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Figure5: Searchinterfacefor CountingCalifornianumericdatabases.

Oursearchengineusesanin-houseimplementationof aprobabilisticfull-text retrieval algorithmdeveloped
atBerkeley. Detailsontheretrieval algorithmcanbefoundin [1]. Thesearchenginetakesafreeform query
andreturnsarankedlist of captionsof thetablesrankedaccordingto their relevancescores.Themorelikely
relevanttableswith respectto thequeryarerankedhigherthanthosethatarelesslikely. As anexample,the
top-ranked5 captionsreturnedby oursearchenginein responseto thequery“public librariesin California”
areshown in Figure6.

Figure6: Searchresultsin theCountingCaliforniadatabasefor thequerypublic libraries in California.

This searchenginehasa coupleof advantagesover commonlyusedBooleanretrieval. Firstly, it takes
queriesin freeform. Secondly, theresultsarerankedaccordingto their relevanceto thequery. Theretrieval
algorithmhasbeentestedon ten languages,including Arabic, Chinese,andSpanish,in threelarge-scale
text retrieval evaluationsconferences:TREC,CLEF, andNTCIR. Theretrieval algorithmhasbeenshown
effective for all thelanguagesthathavebeentested.

Eachentry in theresultlist is linkedto a numerictablemaintainedat theCountingCaliforniawebsite.
By clicking on the appropriatelink, a usercandisplay the numerictable in PDF format or in MS Excel
format.Figure7 displayspartof thenumerictabletop-rankedin Figure6.
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Figure7: Part of anumerictable(source:http://countingcalifornia.cdlib.org/).

7.3 Entry Vocabulary Index-based Access to a Numeric Database

Fromtheextractedrecords,wecreatedaword to subtopicsentryvocabulary index. Thewordsareextracted
from the captionsof the tables,and the subtopicsfrom the topic classificationschemedevelopedby the
CountingCaliforniaProject.A webinterfaceisprovidedathttp://otlet.sims.berkeley.edu/countingcaliforniaEVI.html.
As anexample,thesubtopicsrankedin thetop tenfor thequery“personal/individual incometax” are:

rank subtopic weight
1 income 542.53
2 governmentearningsandtax revenues 251.71
3 personalincome 156.67
4 propertytax 74.58
5 personalincometax 59.99
6 corporateincometax 56.84
7 percapitaincome 44.25
8 population 43.46
9 salestax 35.92
10 age 26.94

A usercanclick on a selectedsubtopicin the ranked lists of subtopicsto view the captionsof all the
tablesthatareclassifiedunderthechosensubtopic.Clicking on “personalincometax” producedthelist of
captionsshown in Figure8.
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Figure8: Thelist of tablesplacedunderthesubtopicpersonal income tax.

8 Traverse Searching Between Online Catalogs and Number Databases

8.1 Searching Numeric Databases from Bibliographic Records

In section6 we talkedabouthow to accessto anonlinecatalogthrougha word-to-LCSHentryvocabulary
index, anddisplayafull MARC recordin taggedform. If theuserwishesto know if thereareany interesting
factsor statisticsin a numericdatabasethat arerelatedto the sametopic revealedin the displayedmarc
record,he/shecanclick the formulate query buttonplacedat theendof a displayedfull MARC recordto
createa queryfor searchinga numericdatabase.Theinitial querywill containthetexts extractedfrom the
subfields� and � of the title field

��B=C
andthe subjectheadingsin the displayedfull MARC record. The

initial queryis placedin a new window wheretheusercansubsequentlyrefinethequerybeforesubmitting
it to thesearchenginefor a numericdatabase.Figure9 shows thequeryextractedfrom theMARC record

Figure9: Queryextractedfrom aMARC record.

displayedin Figure4. Thesearchenginereturnsa rankedlist of captionsof thetablesthataremostlikely
relevant to the query. From the ranked list of captionsdisplayed,a usercanchooseto view the full table
eitherin PDF format or MS Excel format. Figure10 shows the searchresultsin the CountingCalifornia
databaseusingtheextractedquerydisplayedin Figure9.
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Figure 10: Searchresultsin the CountingCalifornia databaseusing the query extractedfrom a MARC
record.

8.2 Searching Online Catalogs from Numeric Tables

If a userstartedwith searchingthe CountingCalifornia numericdatabasefor a topic, andis interestedin
literatureonthesametopic in theonlinecatalog,theusercanclick thenumberedbuttonplacedat thebegin-
ningof eachresultentry. After clicking anumberedbuttonin thesearchresults,thecaptionassociatedwith
thenumberedbuttonwill be forwardedasa queryto theword-to-LCSHentryvocabulary index. Clicking
thenumberedbutton“1” in Figure6 resultedin submittingtheassociatedcaptionasaqueryto theword-to-
LCSH entryvocabulary index. Thetop-rankedsevensubjectheadingsthataremostcloselyassociatedwith
theselectedcaptionusedasqueryareshown in Figure11. Theprocessof viewing a full MARC recordis
thesameasthatdescribedin section6.

8.3 Implementation

Figure 12 presentsthe diagramshowing an implementationof seamlesssearchof numericand biblio-
graphic/textual resources.Theboxesshown in thefigureare:

1. A searchinterface,shown in Figure1, for accessingbibliographic/textual resourcesthrougha word-
to-LCSHentryvocabulary index.

2. A word to theLCSHentryvocabulary index.

3. A rankedlist of LCSHscloselyassociatedwith thequery, asin Figure2 or 11.

4. An onlinecatalog.

5. Resultsof searchingtheonlinecatalogusingaLCSH,asin Figure3.

6. A full MARC recorddisplayedin taggedform, asin Figure4.

7. A new queryformedby extractingthetitle andsubjectfieldsfrom thedisplayedfull marcrecord,as
in Figure9.
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Figure 11: The searchresultsin the LCSH entry vocabulary index for the queryextractedfrom a table
caption.

8. A numericdatabase.

9. A list of captionsof numerictablesrankedby relevancescoreto thequery, asin Figure6.

10. Numerictabledisplayedin PDFor MS Excelformat,asin Figure7.

11. A searchinterface,shown in Figure5, for numericdatabasesbasedonaprobabilisticsearchalgorithm.

A usercanstarta searchusingeither interface,andfind recordson the sametopic of interestin biblio-
graphic/textualdatabasesandsocio-economicdatabases.

9 Future Work

9.1 Geographical access to numeric databases

Socio-economicnumericdatasetsnearlyalwayshave a geographicalaspect:the datarefer to particular
placesor areasandsearchersvery commonlywantdatapertainingto a place.We foundthat this washard
to achieve for several reasons.Placenamesare ambiguousand unstable:A searchfor datarelating to
Trinidad might leadto Trinidad, WestIndies,insteadof Trinidad,California, for example. With numeric
databasesthe problemis compoundedbecausespecializedgeo-politicaldivisions, suchas censustracts
and counties,are used. Thesedivisions do not matchconveniently with searchers’useof place-names.
Eventuallywe concludedthat relianceon the namesof placescould never work satisfactorily. The only
effectivepathto reliableaccessto datarelatingto placeswouldbeto usegeo-spatialcoordinates(latitudeand
longitude)to establishunambiguouslythe identity andlocationof any placeandthe relationshipbetween
places. Data relating to Berkeley may be available only in aggregateddatafor AlamedaCounty. This
meansthatgazetteersandmapvisualizationsbecomeimportant.Gazetteersrelateplacenamesto locations,
locationsto placenames,andreveal spatialrelationshipsbetweenplaces,e.g. the city of Alamedais an
island within AlamedaCounty. It was this problemthat led us to proposethe recentlyapproved IMLS
NationalLibrary LeadershipAwardentitled“Going Placesin theCatalog:ImprovedGeographicalAccess.”
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Figure12: Implementationof seamlesssearchingof numeric(socio-economic)andbibliographic/textual
resources.

9.2 Enhanced access to numeric databases

Thedescriptive texts,suchasthecaption,associatedwith numerictablesareoftenbrief andconcise,which
providesa ratherlimited basisfor locating the table in responseto queries. Sometimesthe caption/title
of a tablemay be the only textual descriptionaboutthe contentof the tablethat is searchable.The titles
are sometimesvery general. For example,one of the tablesin CountingCalifornia databasesis named
“LIBRARY STATISTICS,STATEWIDE SUMMARY BY TYPE OF LIBRARY CALIFORNIA, 1992-93
TO 1997-98.” Thetitle is sogeneralthatneitherthekindsof statisticsnor thetypesof librariesarerevealed
in the title. If a userposesthe question“What is the total operatingexpendituresof public libraries in
California?” to a querysystemthat indexestabletitles only, the searchmay well be ineffective sincethe
only word in commonbetweenthe tabletitle andtheuser’s queryis ‘library’, assumingthepluralsof the
nounsarenormalizedto singularform.

The table column headingsand row headingsprovide additional information aboutthe contentof a
numerictable. However, thecolumnandrow headingsareusuallynot directly searchable.For example,a
tablenamed“Languagespoken at home” in CountingCalifornia databasesconsistsof rows andcolumns.
The columnheadingslist the languagesspoken at home,while the row headingsshow the countynames
in California. Eachcell in the tablegivesthenumberof people,5 yearsold or over, who speaka specific
languageat home. To answerquestions,suchas“How many peoplespeakSpanishat homein Alameda
County, California?”, usingthe tabletitle alonemay not retrieve the tablethat containsthe answerto the
examplequestion.If the textual descriptionwereenrichedby includingthecolumnandrow headings,the
chancesof retrieving thetablesof interestshouldbeimproved.

We recommendthat the textual descriptionsof a numerictablebeenriched.This couldbedoneauto-
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maticallyby combiningthetabletitle andits columnandrow headings.

10 Administration

Researchanddemonstrationprojectsdonotalwaysdevelopasintended.This wasthecasewith thepresent
project. After theproposalfor this projecthadbeensubmitted,theP.I.s receivedsubstantialfunding from
theDefenseAdvancedResearchProjectsAgency for researchon thecreationandevaluationof Entry Vo-
cabulary Indexes.Thisadditionalfundingbenefitedourwork for IMLS becauseit enabledusto understand
betterwhatweneededto doandalsoto buy fastercomputersandthelargeamountsof diskstoragewithout
whichwecouldnothavehandledmillions of MARC records.It alsoprovidedtravel fundsthatenabledusto
attendmoreconferencesandto explainourIMLS-relatedwork to awideraudience.In thecircumstances,as
explainedin our informal six-monthlyreports,it madesenseto slow thepaceof theIMLS projectin order
to reapfor it someof thebenefitfrom theDARPA-fundedresearch.This waswhy we requesteda no-cost
extensionandstretcheda two yearprojectover threeyears.

An Advisory Committeewasappointedandwe arevery gratefulto GeorgeMcGregor (ChironCorpo-
ration, Emeryville, CA), Gary Peete(HaasBusinessSchoolLibrary, University of California, Berkeley),
Vivian Pisano(SanFranciscoPublic Library), andAndreaSevetson(GovernmentDocumentsSpecialist,
UniversityLibrary, UC Berkeley) for agreeingto serve. Thepurposefor which we mostwantedtheAdvi-
soryCommitteewasto adviseon usabilityof the interfacedesignandon theselectionof databasesto link
to. In theevent, the technicaldifficultiesof makingthepromisedprototypework at all meantthatwe did
not reachthestageat which we couldexploretheserefinementsand,asa result,little usewasmadeof the
AdvisoryCommittee.

Theprojectwebsiteis athttp://metadata.sims.berkeley.edu/GrantSupported/seamless.html.Publications
describingthework completedarein preparationanda list of relatedpublicationsis givenbelow. Financial
reportsarebeingsubmittedseparatelyby thecampuscentralaccountingstaff.

Dr Aitao Chenplayedacentralrole in theconductof thisproject.GraduateStudentAssistantsHui-Min
Chen,Michael Gebbie,Karthik Gourisankaran,Natalia Perelman,JoannaPlattner, and JacekPuratalso
workedon it.

Thework thatwe undertookin this projectprovedmoredifficult thanexpected.In particular, we found
thatbuilding accessto numericdatasetswasharderandmoretime-consumingthanexpected.As standards
evolve, interoperabilitywill be easier. We were, we like to think, aheadof our time. Neverthelesswe
completedthetasksweundertookto do.
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