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1 Summary

This threeyear projectdemonstrateémproved accesgo written materialandnumericaldataon the same
topic whensearchingwo very differentkinds of databasefooks,articles,andtheir bibliographicrecords)
andnumericaldata(socio-economiclatabases)Also, searchsupportwasdevelopedfor trans\ersesearch-
ing wherebydatafoundin a text databaseanbe usedto find relateddatain a numericdatabasendvice
versa.

2 Introduction

A hopefor new technologyin librarieshasbeento supportseamlessearchingacrossanincreasingangeof
resource®n agrowing digital landscapeThereality is thatnetwork-accessibleesourcesljk e the contents
of awell-stocledreferencdibrary, arequite heterogeneougspeciallyin the variety of indexing, classifica-
tion, categorization,andotherformsof “metadatd.

Theintentof this projectis to demonstratémproved accesgo written materialandnumericaldataon
the sametopic whensearchingwo quite differentkinds of databasetext databasegbooks,articles,and
their bibliographicrecordslandnumericaldata(socio-economiclatabases).

The problemis that therehas,until now, beenno easypathto integratenumericdatabasesvith bib-
liographicandtextual databasesvhich might containknowledgeaboutcauseand effect. The vocatulary
which classifiesthe numericdatamay be quite differentfrom the subjectheadingsusedfor books,maga-
zinearticles,andnewspapeistoriesaboutthe sametopic of interest.Also thereneedgo beanernvironment
of searchsupportthat facilitatessuchtrans\ersesearchinggstablishingconnectionstransferringdataand
invoking appropriateutilities in a helpfulway.

This projectaddresseboth problemsthroughthe developmentanddemonstratiorof a library gatevay
providing searctsupportfor bothtext andsocio-economiciumericdatabasesThe gatavay will helpusers
conductsearchesn eachtype of databasdyy acceptinga queryin the library users’own termsandthen
suggestinghe specializedcateyorizationtermsto searchfor in the informationresource(database).The
intentis thatif youfound somethingnterestingn a socio-economiclatabasethe gatevay will helpyouto
find documentn the sametopic in atext databaseandvice versa. Selectionof the bestsearchtermsin
thetamgetdatabasess supportedy the useof “Entry Vocahlulary Indexes; whichresembleéMelvil Dewey’s
“Relative Index,” but arecreatedusingstatisticalassociatiortechniques.



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 recordswe

extractedthefields containingtitles and subtitles(245, subfieldsa andb), summarieglescribingthe scope
and generalcontentof the material (520, subfielda), and main subjectheadingg6xx, subfielda). Two

samplerecordsareshavn below.

Sanpl e record 1:

<D0

<001>73180254 //r86</ 001>

<245><a>A study of operant conditioning under del ayed rei nforcenent
in early infancy</a></245>

<650><a>| nf ant psychol ogy. </ a></ 650>

<650><a>Q(per ant conditi oni ng. </ a></ 650>

</ DOC>

Sanpl e record 2:

<DOC>

<001>73180255 </ 001>

<245><a>Reptilian di sease: recognition and treatnent, </ a></ 245>
<650><a>Repti | es</ a><x>Di seases. </ x></ 650>

</ DOC>

4 Association Measure

We usedstatisticalassociatiormethodsto provide a pathfrom the wordsin the queryto the topical clas-
sification (classificationnumbers cateyory codes,subjectheadingsetc.) in the dataset. The final stage
to creationof an Entry Vocalulary Index is to develop a maximumlik elihoodratio weighting associated
with eachterm (word or phraseandeachmetadatavalue. Oneconstructsa two-way contingeng tablefor
eachpair of word/phrasdermst andclassificationcodesC' asshawn in table1. wherea is the numberof
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t a b
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Tablel: Contingeng tablefrom words/phrase® classification

documentsvith titles containingtheword or phraseandclassifiedby the classificatiorcode;b is thenumber
of documentwith titles containingthe word or phrasebut not classifiedby the classificatiorcode;c is the
numberof documentith titles not containingthe word or phrasebut classifiedby the classificatiorcode;
andd is the numberof documentswith titles not containingthe word or phraseand not classifiedby the
classificatiorcode.

The associatiorscorebetweena word/phrase and an classificationC' is computedfollowing Dun-
ning [3]

W(C, t) = 2[l09L(p1,(1,,(1,+b) + lOgL(p2,C,C+d) - (l)
logL(p,a,a + b) — logL(p, ¢,c + d)] (2)

where
logL(p,n, k) = klog(p) + (n — k)log(1 — p) (3)
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and

a c a+c

=2 - d - aTc
=0Ty PSP i bhyce+d

Metadatacan be Library of CongressSubjectHeadings(LCSH), Library of CongressClassification
Numbers,U.S. PatentClassificatiorNumbers,andso on. Onecancreatenot only associatie dictionaries
thatwill mapwordsin naturallanguagesnto metadataerms,but also,in reverse,associate dictionaries
thatwill returnwordsin naturallanguagethat are closely associatedvith a metadataerm. If thereare
training recordscontainingtexts in two languagesthenone could createassociatre dictionariesthat will,
in responsdo wordsasquerywordsin onelanguagereturnwordsin the otherlanguagehat are closely
associateavith the querywords.

In additionto the maximumlik elihood ratio-basedassociatiormeasurethereare a numberof other
associationmeasuressuchasthe Chi-squarestatistic, mutualinformationmeasureandsoon, thatonecan
employ in creatingassociatiordictionaries.

5 Entry Vocabulary Indexes

Entry vocalulary indexes (EVISs) are associaire dictionariesthat map vocatlulariesfrom onelanguageto
another We have createdan entry vocahulary index thatmapswordsin naturallanguageo the Library of
CongressSubjectHeadings(LCSH) that are most closely associatedvith the querywords, andan entry
vocahulary index thatmapsa LCSH to wordsthataremostcloselyassociatevith eachmainheadingn the
LCSH.

5.1 Pre-processing

Thetrainingsetusedto createthis word-to-LCSHentryvocahularyindex containghebibliographicrecords
with at leastone assigned.ibrary of CongressSubjectHeading(i.e., at leastone 6xx field). The words
are extractedfrom the subfieldsa andb in the title field 245, andfrom 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 remainingwordsare normalized. A token herecancontainonly lettersand digits. All
tokensarethenchangedo lower case. The stoplisthasabout600 wordsthat are considerechot content-
bearingwords,suchaspronounsprepositionsgoordinatorsgdeterminersandthelik e. We referto thewords
that arenot stopwordsascontentwords. The contentwordsare normalizedusinga table derived from an
Englishmorphologicalanalyzer[2]. The table mapsplural nounsinto singularones;verbsinto the base
form (theinfinitive form); andcomparatie andsuperlatve adjectizesto the positive form. For example the
plural nounprinters is reducedo printer, andchildren to child; the comparatie adjective longer andthe
superlatve adjective longest arereducedo long; andprinting, printed andprints areall reducedo thesame
baseform print. Whenaword belongingto morethanone part-of-speecleateggory canbereducedo more
thanoneform, it is changedo thefirst form listedin the morphologicalanalyzertable. As anexample,the
word saw, which canbeanounor theverbsee in the pasttensejs not reducedo see. Thesubjectheadings
are extractedfrom the subfielda of fields 600, 610, 611, 630, 650, and651. The subjectheadingsare
changedo lower case.Eachsubjectheadingn the subfielda of a 6xx field is treatedasoneunit in creating
thewordto LCSH entryvocalularyindex. Thetextsin MARC recordsareencodedn MARC-21 encoding.
The charactersvith diacritic marksareencodedn two bytes,onebyte for the basecharactefollowed by
anotherfor thediacritic mark. In pre-processinthe data,we did not remove the diacritic marks.

Fromthis training setof MARC recordswe createda word to LCSH entry vocalulary index usingthe
statisticalassociatioomeasuralescribedn section4.



5.2 WordtoLCSH Entry Vocabulary Index

A wordto LCSH entryvocahlulary index mapsaword to LCSHsthataremoststronglyassociateavith the
queryword. As anexample,the following tablepresentghe top-ranledten LCSHs(only the subfielda in
lower casexhataremoststronglyassociatedavith the queryword alcoholism.

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

An entry vocahulary index takesasquerya text fragmentwhich canbe a singleword, a phrasea set
of keywords,anincomplete(or complete)sentencea booktitle, andsoon. The queryis processedh the
sameway as the texts extractedfrom MARC fields 245 and 520 when the dictionary was created. The
gueryis first tokenized stopwordsremoved, andthenthe contentwordsnormalized.The setof normalized
wordsaresubmittedto the entry vocahulary index. For eachword, alist of ranked LCSHswith association
weights,like the oneshavn in thetableabove, is generatedThe ranked lists of LCSHsfor all the content
guerywordsare combinedto createa unified ranked list of LCSHsfor the whole query No distinctionis
madebetweenlanguagesso foreign wordsfoundin the titles of booksin foreignlanguagesreincluded.
For example,a query using the word Wirtschaftspolitik, which meanseconomic policy in German,leads
appropriatelpto thefollowing subjectheadings:

Rank | LCSH (subfielda) Weight
1 economigpolicy 756.90
2 germary (west) 645.02
3 switzerland 97.70
4 regional planning 96.39
5 economics 92.14

As an exampleof a queryhaving morethanoneword, the top-ranked ten LCSHs (only subfielda in
lower casehataremoststronglyassociateavith the querypeanut butter arelistedin thetablebelow.

Rank | LCSH Weight
1 peanut 1343.90
2 coolkery (peanutoutter) 429.61
3 coolkery (peanuts) 423.47
4 peanutindustry 359.57
5 peanutoutter 316.23
6 butter 309.36
7 schulz,charlesm 277.30
8 cookery 197.08
9 peanutproducts 170.05
10 peanutcraft 123.15




The ranked list of LCSHsfor the query peanut butter was producedoy combiningthe ranked list of
LCSHsfor the queryword peanut andthatfor the queryword butter. In combiningrankedlists of LCSHS,
theweightsfor thesamelL CSH areadded.As anotherexample,thefollowing tablepresentshetop-ranked
tenLCSHs(only subfielda in lower case)or the queryVietnam War.

Rank | LCSH Weight

1 world war, 1939-1945 16430.62
2 viethnameseonflict,1961-1975 15388.68
3 unitedstates 13989.66
4 world war, 1914-1918 8055.60
5 vietham 6523.90
6 war 5503.86
7 soldier 2485.60
8 greatbritain 2209.91
9 coldwar 2185.69
10 world politics 1725.20

5.3 LCSH toWordsEntry Vocabulary Index

Theexamplespresentedh the previoussectionhave demonstratethe useof associationrmeasure creat-
ing entryvocalulary indexesthatwill promptarankedlist of LCSHsthataremostcloselyassociatedvith
aquery The samestatisticalassociatiormeasurecanalsobe usedto createentry vocalulary indexesthat
will promptarankedlist of words or phrases thataremostcloselyassociateavith a LCSH. Fromthe same
training setof bibliographicrecordswe createda LCSH-to-word entry vocalulary index thatreturnsa list
of wordsthataremostcloselyassociateavith a LCSH. As anexample thetop-ranledtwentywords,found
in thetitle or notesfields,thataremostcloselyassociateavith the subjectheadingAlcoholism arepresented
in thetablebelow.

Rank | LCSH (subfielda) Weight
1 alcohol 13471.94
2 alcoholism 11715.56
3 aluse 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




Note the inclusionof foreign words (alcoholismo,alcoolisme,alkohol, andalcool). Thesewords,de-
rivedfrom titlesin foreignlanguagesgemonstrat¢hatthe techniquds language-independeanhdcouldbe
adoptedn ary country It canalsosupportdiversityin U.S.librariesby allowing searche# Spanishor ary
otherlanguagessolong asthetraining setcontainscontentwordsin thoselanguagesn titles or abstracts.
Bothentryvocalularyindexesarepublicly accessiblathttp://metadata.sims.bezley.edu/prototypesl.html.

6 Accesstoan Online Catalog

To demonstratdhe searchingcapability from a bibliographicrecordto somenumericdatabasethe first
stepis to retrieve anddisplaya bibliographicrecordfrom anonline catalog.We implementeda web-based
interfacefor searchingonline catalogsusingan in-houseimplementatiorof the Z39.50protocol. Besides
the Z39.50protocol, animportantcomponenthat makes searchingemoteonline catalogsfeasibleis the
gatevay betweenthe HTTP (Hypertext TransferProtocol)protocolandthe Z39.50protocol. While HTTP
is a connectionless-orientgatotocol,the Z39.50is a connection-orientegdrotocol. The gatevay maintains
connectiongo remoteZ39.50seners. All searchrequestgo ary remoteZ39.50 sener go throughthe
gatevay.

Multilingual EVMs (1-2)
Use Entry Vocabulary IModules #1 and #2 to:

P Convert a ultilingual, natural language quety to Library of Congress subject
headings (LC3H) About LCZH

P Convert an TE3H (in Englishy to a multilingaal list of closely related terms
P Supply (andfor augment) seatch gqueries; View the hierarchical structure of L

subject headings related to user-selected term.

1. Search for an English language LC subject heading

Enter a search query i any Eoman-alphabet language

|pub|i|: liraries in Califarnia GDl Clear |
-

Click to open keyboard % wEeuu
for special character entry E!‘M
Limit results to top: I:2EI

Figurel: Searchnterface.

The web-basedearchinterface,shovn in Figure 1, takesa queryasinput andthen submitsthe queryto
the word-to-LCSH entry vocahulary index. In responsdo the query aranked list of LCSHsthataremost
closelyassociatedavith the queryis returned.

Figure 2 presentghe top-rankedfive subjectheadingamostcloselyrelatedto the querypublic libraries in
California. From this ranked list of LCSHs, a usercan selectone LCSH, andthenclick on the Search
Melwyl buttonto forwardthe selected CSH asa queryto the MELVYL online catalog.Thewebclientwill



L.C Subject Heading search results for query: public
libraries in California

For addiional Library of Congress Subject Headmg mformation (ierarchical structure of
related terms) and a demenstration of seamless searching across two collections, go to bottom

Rank Metadata Weight
1  library 160%4.00
z  california 14842 22
3 & public lbraries 1168655
4  public administration 585116
5 " academic libraries 527747

Figure2: EVI searchresults.

formulatea searchqueryfrom the selected_.CSH andsendit to the web sener which will, in turn, sendit
to the gatevay. The gatevay will establisha connectiorto theremotezZ39.50sener (the MEYLVL online
catalog)if the connectiondoesnot exist yet. The gatavay will thensendthe searchqueryto the remote
Z39.50sener. An exact subjectheadingsearchwill be executedat the MELVYL site. And the search
resultswill bereturnedthroughthe gatavay andthe web sener to the web client for displayon the users
screen.A searclresultentry if any, containsonly authors nameandthetitle. Theinitial displaymay not
list all the retrieved recordssinceonly a small numberof bibliographicrecordsis returnedin responsdo
eachrequestueto limited messagsize.However, theuserhastheoptionto requesinoreretrievedrecords
by specifyingthe rangeof recordsto bereturnedusingthe Z39.50protocol. Figure 3 presentg out of the

Search command: find xs public ibraries
HMumber of Records Eetneved: 132
RankTitle

ﬂ 14$5aThe public ibrary administrator and hiz siuation ffcby Mary Lee Bundy and Paul Wasserman.

ﬂ 108alibrary laws of the State of California, $orev ; compiled by the Law Section, California State
Library.

ﬂ 10%alibrary laws of the State of Californa, ferev ; compiled by Carleton Eenyon, law librarian,
California State Library.

ﬂ 00%aCalifornia county free libraries.

Present the next |4 records, starting at |15

Fresent | Clearl Helpl

Figure3: Partof thesearchresultreturnedoy MELVYL.

132retrievedtitles asa resultof performingan exact subjectheadingsearchon the querypublic libraries
atthe MELVYL 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.



Tag Ind Content
0074 5nam 22002171 4500

[001] 3051627

[003] CU-TC

[005] 20021215144921.7

[003] 28081221958 cau 00000 eng d

[025] Fa5051627

[040] FaCTUTECUY

[110] 10 FaCalfornia $lLaws, statutes, etc

[245] 10 falibrary laws of the State of Califorma, fcrev.; compiled by the Law Section, Califorma State
Library.

[260] 0 $a[Sacramento, Calif [$bState Printing Off $c[1958]

[300] Faz17-474 p.

[500] Fah special issue of Mews notes of California kbraries, v 53, no. 4, Oct. 1958,

[500] $a'Errata": [13] leaves bound in.

[546] FaEnglish

[650] 0 Balibrary legislation$zC alifornia

[690] 0 FaPublic libraries

[710] 20 FaCalifornia State Library

Click Formulate Query' button to create a new query by extracting the title and subject headings from the
record shown abowve.

Formulate Query |

Figure4: A MARC recorddisplayedn taggedform.

7 Accessto Numeric Databases

Creatingan Entry Vocalulary Index requiresa training setof recordscontainingboth descriptive wordsand
topical metadataThis is often not readily availablefor numericdatasets. Our first effort wasto createan
Entry Vocalulary Index to the Standardndustrial Classificationwidely usedover mary yearsin numeric
datasets. This wasfeasiblebecauseave found a bibliographicdatabasevhich usedSIC codesto sene as
atraining set. But by the time the SIC Entry Vocalulary Index wascompletedthe SIC wasdiscontinued,
replacedby the North Americanindustry ClassificationSystem,sowe createda mappingfrom SIC codes
to NAICS codes.By thistime it hadbecomeapparenthat, with the currentlow level of interoperabilityin
softwareanddataformats,the laborrequiredto createEntry Vocahulary Indexesandinterfacesto numeric
datasetswaslarge. We could not dealwith morethantwo or threedatasetswithin the funding available,
much lessthat we had hopedfor. In orderto prevent the costsof EVI and interfacedevelopmentfrom
limiting the projectin this way, we turnedour attentionto a collectionof 3,000numericdatasetsavailable
througha singleinterfaceandknown asCountingCalifornia.

7.1 Numeric Database

The numericdatabasave usedto demonstratémproved searchingcapabilitiesfor accessingo humeric
databasess the Counting California Numeric Databasemadeavailable by California Digital Library at
http://countingcalifornia.cdlilerg/. The databasés a collection of some3,000numerictablescontaining
statisticsrelatedto a rangeof topics. The numericdatasetsre mainly from the California Departmenbf
HealthServicesCaliforniaDepartmenbf Finance andthe Bureauof the CensusThetablesareorganized
undera two-level classificationschemebasedon the topics. Thereare 16 topics at the top level, which
aresubdiidedinto 184 subtopicqSource:http://countingcalifornia.cdlilorg/). All the numerictablesare
placedunderthe subtopicssomemay placedundermorethanonesubtopic.Thetop level topicsare:



AgricultureandNaturalResources
Banking,FinanceandInsurance
BusinessandIndustry

Crime,Law Enforcemen& Criminal Justice
Education

Elections

Enegy andPublic Utilities
HealthandVital Statistics
HousingCharacteristicandCosts
Income,Poverty, andCostof Living
Land, WaterandClimate
PopulatiorandDemographics
PublicFinance Government& Taxes
SocialServicesandPublic Assistance
Transportation

Work, Labor, andEmployment

O©oO~NO O WNPEF
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N )
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Source:http://countingcalifornia.cdlilorg/ (2002)

As anexample the subtopicaunderthe maintopic Agriculture and Natural Resources are:

1 FarmsandFarming
2 Fishing

3 ForestryandLumber
4 Minerals

At the CountingCaliforniawebsite a usercanbrowsethetablesby topic, startingfrom atop level topic,

to aselectedsubtopicthento a selectedable. The Booleansearchingf thetablesis alsoprovided.

We have providedtwo new waysto accesgo this setof numerictables probabilistic retrieval andEVI-
based retrieval. We have extractedthe captionsof some3,000tablesfrom the CountingCaliforniawebsite
at http://countingcalifornia.cdlilorg/, andtreatedthe captionof a tableasa record. An extractedsample
recordis showvn in thefollowing table.

<t abl e>

<t opi ¢c> education </topic>

<subtopic> libraries </subtopic>

<capti on>

LI BRARY STATI STI CS, STATEW DE SUMVARY BY TYPE OF LI BRARY CALI FORNI A,
1992-93 TO 1997-98

</ caption>

</tabl e>

Eachrecordcontainsthe captionof a numerictable,the subtopicunderwhich thetableis placed,andtopic
atthetoplevel.

7.2 Probabilistic Accessto a Numeric Database

We createda word index for this collection of about3,000records. The texts in the caption field were
tokenizedfirst; stopwordsremoved; andthenthe contentwords normalized. We provided an web-based
searchinterface,shovn in Figure5 and available at http://otlet.sims.bemdey.edu/countingcalifaria.html,
thatwill take queriesin freeform. A querycanbeasingleword, aphrasea setof keywords,incompleteor
completesentences.



Counting California Numeric Databazes Search Interface

public libraries in California

o

Figure5: Searchnterfacefor CountingCalifornianumericdatabases.

Oursearclrengineusesanin-houseimplementatiorof aprobabilisticfull-text retrieval algorithmdeveloped
atBerkeley. Detailsontheretrieval algorithmcanbefoundin [1]. Thesearchenginetakesafreeform query
andreturnsarankedlist of captionsof thetablesrankedaccordingo theirrelevancescoresThemorelik ely
relevanttableswith respecto the queryarerankedhigherthanthosethatarelesslik ely. As anexample,the
top-ranked5 captionsreturnedby our searchenginein responséo thequery“public librariesin California”
areshown in Figure®6.

Figure6: Searclresultsin the CountingCaliforniadatabaséor thequerypublic librariesin California.

This searchenginehasa couple of advantagesover commonly usedBooleanretrieval. Firstly, it takes
gueriesn freeform. Secondlytheresultsarerankedaccordingo theirrelevanceto thequery Theretrieval
algorithm hasbeentestedon ten languagesincluding Arabic, Chinese,and Spanish,in threelarge-scale
text retrieval evaluationsconferencesTREC, CLEF, andNTCIR. Theretrieval algorithmhasbeenshown
effective for all thelanguageshathave beentested.

Eachentryin theresultlist is linked to a numerictable maintainedat the CountingCaliforniawebsite.
By clicking on the appropriatdink, a usercandisplaythe numerictablein PDF formator in MS Excel
format. Figure7 displayspartof thenumerictabletop-ranledin Figure6.

10



Figure7: Partof anumerictable(source:http://countingcalifornia.cdlilorg/).

7.3 Entry Vocabulary Index-based Accessto a Numeric Database

Fromtheextractedrecordswe createdaword to subtopicentryvocahulary index. Thewordsareextracted

from the captionsof the tables,andthe subtopicsfrom the topic classificationschemedevelopedby the
CountingCaliforniaProject.A webinterfaceis providedathttp://otlet.sims.bemdey.edu/countingcalifori@EVI.html.
As anexample thesubtopicgankedin thetoptenfor the query“personal/indvidualincometax” are:

rank | subtopic weight
1 income 542.53
2 governmentearningsandtax revenues| 251.71
3 personaincome 156.67
4 propertytax 74.58
5 personalncometax 59.99
6 corporatancometax 56.84
7 percapitaincome 44.25
8 population 43.46
9 salegtax 35.92
10 | age 26.94

A usercanclick on a selectedsubtopicin the ranked lists of subtopicsto view the captionsof all the
tablesthatareclassifiedunderthe chosersubtopic.Clicking on “personalincometax” producedhelist of
captionsshown in Figure8.
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Figure8: Thelist of tablesplacedunderthe subtopicpersonal income tax.

8 Traverse Searching Between Online Catalogs and Number Databases

8.1 Searching Numeric Databases from Bibliographic Records

In section6 we talked abouthow to accesgo anonline catalogthrougha word-to-LCSHentry vocalulary

index, anddisplayafull MARC recordin taggedorm. If theuserwishesto know if thereareary interesting
factsor statisticsin a numericdatabasehat are relatedto the sametopic revealedin the displayedmarc
record,he/shecanclick the formulate query button placedat the end of a displayedfull MARC recordto

createa queryfor searchinga numericdatabaseTheinitial querywill containthe texts extractedfrom the
subfieldsa andbd of thetitle field 2 andthe subjectheadingsn the displayedfull MARC record. The
initial queryis placedin a new window wherethe usercansubsequentlyefinethe querybeforesubmitting
it to the searchenginefor a numericdatabaseFigure9 shavs the queryextractedfrom the MARC record

Figure9: Queryextractedirom a MARC record.

displayedin Figure4. The searchenginereturnsa rankedlist of captionsof the tablesthataremostlikely
relevantto the query Fromthe ranked list of captionsdisplayed,a usercanchooseto view the full table
eitherin PDF formator MS Excel format. Figure 10 shawvs the searchresultsin the CountingCalifornia
databaseisingthe extractedquerydisplayedn Figure9.
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Figure 10: Searchresultsin the Counting California databasausing the query extractedfrom a MARC
record.

8.2 Searching Online Catalogs from Numeric Tables

If a userstartedwith searchinghe CountingCalifornianumericdatabasdor a topic, andis interestedn
literatureonthe sametopicin theonline catalogtheusercanclick thenumbereduttonplacedatthebegin-
ning of eachresultentry, After clicking anumbereduttonin thesearctresults the captionassociatedavith
the numberecoutton will be forwardedasa queryto the word-to-LCSHentry vocalulary index. Clicking
thenumberedutton“1” in Figure6 resultedn submittingthe associatedaptionasa queryto the word-to-
LCH entryvocahulary index. Thetop-ranledsevensubjectheadingshataremostcloselyassociatedvith
the selecteccaptionusedasqueryareshavn in Figure11. The procesof viewing a full MARC recordis
the sameasthatdescribedn section6.

8.3 Implementation

Figure 12 presentghe diagramshaving an implementationof seamlessearchof numeric and biblio-
graphic/tetual resourcesTheboxesshavn in thefigureare:

1. A searchinterface,shavn in Figurel, for accessingpibliographic/tetual resourceshrougha word-
to-LCSHentryvocalulary index.

A wordto the LCSH entryvocalulary index.

A rankedlist of LCSHscloselyassociatedavith the query asin Figure2 or 11.
An online catalog.

Resultsof searchingheonline catalogusinga LCSH, asin Figure3.

A full MARC recorddisplayedn taggedform, asin Figure4.

N g~ N

A new queryformedby extractingthetitle andsubjectfields from the displayedfull marcrecord,as
in Figure?9.
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Figure 11: The searchresultsin the LCSH entry vocalulary index for the query extractedfrom a table
caption.

8. A numericdatabase.
9. A list of captionsof numerictablesranked by relevancescoreto the query asin Figure6.
10. Numerictabledisplayedn PDFor MS Excelformat,asin Figure7.
11. A searchinterface shavnin Figure5, for numericdatabaselasednaprobabilisticsearctalgorithm.

A usercan starta searchusing eitherinterface,andfind recordson the sametopic of interestin biblio-
graphic/tetual databaseandsocio-economidatabases.

9 FutureWork

9.1 Geographical accessto numeric databases

Socio-economiciumericdatasetsnearly always have a geographicabhspect:the datarefer to particular
placesor areasandsearchersery commonlywantdatapertainingto a place. We foundthatthis washard
to achiese for several reasons. Placenamesare ambiguousand unstable: A searchfor datarelatingto
Trinidad might leadto Trinidad, WestIndies, insteadof Trinidad, California, for example. With numeric
databaseshe problemis compoundedecausespecializedgeo-political divisions, suchas censustracts
and counties,are used. Thesedivisions do not match corveniently with searchersuseof place-names.
Eventually we concludedthat relianceon the namesof placescould never work satisactorily. The only
effective pathto reliableaccesso datarelatingto placesvouldbeto usegeo-spatiatoordinateglatitudeand
longitude)to establishunambiguouslythe identity andlocationof arny placeandthe relationshipbetween
places. Datarelatingto Berkeley may be available only in aggrgjateddatafor AlamedaCounty This
meanghatgazetteerandmapvisualizationdbecomamportant. Gazetteerselateplacenamedo locations,
locationsto placenames,andreveal spatialrelationshipsbetweenplaces,e.g. the city of Alamedais an
island within AlamedaCounty It wasthis problemthat led us to proposethe recentlyapprored IMLS
NationalLibrary LeadershipAwardentitled“Going Placedn the Catalog:Improved Geographicahccess.
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Figure 12: Implementationof seamlessearchingof numeric(socio-economiciand bibliographic/tetual
resources.

9.2 Enhanced accessto numeric databases

Thedescriptve texts, suchasthe caption,associateavith numerictablesareoftenbrief andconcisewhich
provides a ratherlimited basisfor locatingthe tablein responsdo queries. Sometimeghe caption/title
of atablemay be the only textual descriptionaboutthe contentof the tablethatis searchable The titles
are sometimesvery general. For example,one of the tablesin Counting California databasess named
“LIBRARY STATISTICS, STATEWIDE SUMMARY BY TYPE OF LIBRARY CALIFORNIA, 1992-93
TO 1997-98. Thetitle is sogenerakhatneitherthekindsof statisticsnor thetypesof librariesarerevealed
in thetitle. If a userposesthe question“What is the total operatingexpendituresof public librariesin
California?” to a query systemthatindexestabletitles only, the searchmay well be ineffective sincethe
only word in commonbetweerthe tabletitle andthe users queryis ‘library’, assuminghe pluralsof the
nounsarenormalizedo singularform.

The table column headingsand row headingsprovide additionalinformation aboutthe contentof a
numerictable. However, the columnandrow headingsareusuallynot directly searchableFor example,a
tablenamed‘Languagespolen at home”in CountingCalifornia databasesonsistsof rows andcolumns.
The columnheadingdist the languagespolen at home,while the row headingshowv the county names
in California. Eachcell in the table givesthe numberof people,5 yearsold or over, who speaka specific
languageat home. To answerquestionssuchas“How mary peoplespeakSpanishat homein Alameda
County California?”, usingthe tabletitle alonemay not retrieve the table that containsthe answerto the
examplequestion.If the textual descriptionwereenrichedby including the columnandrow headingsthe
chance®f retrieving thetablesof interestshouldbeimproved.

We recommendhatthe textual descriptionsof a numerictable be enriched. This could be doneauto-
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matically by combiningthetabletitle andits columnandrow headings.

10 Administration

Researctanddemonstratiomrojectsdo not alwaysdevelopasintended.This wasthe casewith the present
project. After the proposalfor this projecthadbeensubmitted the P.l.s receved substantiafunding from
the DefenseAdvancedResearchProjectsAgend for researcton the creationandevaluationof Entry Vo-
cahulary Indexes. This additionalfunding benefitecour work for IMLS becausdt enabledusto understand
betterwhatwe neededo do andalsoto buy fastercomputersandthe largeamountsof disk storagewithout
whichwe couldnothave handlednillions of MARC records.It alsoprovidedtravel fundsthatenabledisto
attendmoreconferenceandto explainour IMLS-relatedwork to awideraudienceln thecircumstancess
explainedin our informal six-monthlyreports,it madesenseo slow the paceof the IMLS projectin order
to reapfor it someof the benefitfrom the DARPA-fundedresearch.This waswhy we requestea no-cost
extensionandstretchedatwo yearprojectover threeyears.

An Advisory Committeewasappointedandwe arevery gratefulto Geoge McGregor (Chiron Corpo-
ration, Emeryville, CA), Gary Peete(HaasBusinessSchoolLibrary, University of California, Berkeley),
Vivian Pisano(SanFranciscoPublic Library), and AndreaSevetson(GovernmentDocumentsSpecialist,
University Library, UC Berkeley) for agreeingo sene. The purposefor which we mostwantedthe Advi-
sory Committeewasto adviseon usability of the interfacedesignandon the selectionof databaseto link
to. In the event, the technicaldifficulties of makingthe promisedprototypework at all meantthatwe did
not reachthe stageat which we could explore theserefinementsand,asa result, little usewasmadeof the
Advisory Committee.

Theprojectwebsiteis at http://metadata.sims.begley.edu/GrantSupported/searséehtml.Publications
describinghework completecdarein preparatiorandalist of relatedpublicationss givenbelow. Financial
reportsarebeingsubmittedseparatelypy the campuscentralaccountingstaf.

Dr Aitao Chenplayeda centralrole in theconductof this project. GraduateStudentAssistantdHui-Min
Chen, Michael Gebbie,Karthik GourisankaranNatalia Perelman JoannaPlattner and JacekPuratalso
workedonit.

Thework thatwe undertookin this projectproved moredifficult thanexpected.In particular we found
thatbuilding acces$o numericdatasetswasharderandmoretime-consuminghanexpected.As standards
evolve, interoperabilitywill be easier We were, we like to think, aheadof our time. Neverthelessve
completedhetaskswe undertookto do.

11 Reated Publications

MichaelBuckland.

Entry Vocahulary, IntermediariesandRetrieval Performanceln: Information in a Networked World: Har-
nessing the Flow. Proceedings of the 64th Meeting of the American Society for Information Science and
Technology, Nov 3-8,2001,WashingtonDC. Medford,NJ: InformationToday 2001.pp 112-117.

FredricC. Gey, MichaelBuckland,Aitao Chen,andRayLarson.

Entry Vocahulary — a Technologyto EnhanceDigital Search. In: Proceedings of the First International
Conference on Human Language Technology, SanDiego, March2001,pp 91-95.
http://metadata.sims.begley.edu/papers/hit01-fingddf

YounginKim, BarbaraNorgard, Aitao Chen,FredricGey.
Using OrdinaryLanguageo AccessMetadateof DiverseTypesof InformationResourcesTradeClassifi-
cationandNumericData. In: Knowledge: Creation, Organization, and Use. Proceedings of the American

16



Society for Information Science Annual Meeting, Oct31-Nov 4, 1999,WashingtorDC. Medford,NJ: Infor-
mationToday 1999,pp. 172-180.

References

[1] William S.Cooper Aitao Chen,andFredricC. Gey. Full text retrieval basedon probabilisticequations
with coeficientsfitted by logistic regression. In D. K. Harman,editor, The Second Text REtrieval
Conference (TREC-2), pagesh7—66,March 1994,

[2] Martin ZaidelDanielKarp, YvesSchabesndDaniaEgedi. A freely availablewide coveragemorpho-
logical analyzerfor english.In Proceedings of COLING, 1992.

[3] TedDunning. Accuratemethoddor the statisticsof surpriseandcoincidence Computational Linguis-
tics, 19:61-74March1993.

17



