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Abstract

Information Extraction (IE), de�ned as
the activity to extract structuredknowl-
edgefrom unstructuredtext sources,of-
fersnew opportunitiesfor theexploitation
of biological informationcontainedin the
vastamountsof scienti�c literature. But
while IE technologyhasreceivedincreas-
ing attentionin the areaof molecularbi-
ology, therehave not beenmany exam-
plesof IE systemssuccessfullydeployed
in end-userapplications. We describe
thedevelopmentof PASTAWeb,aWWW-
basedinterfaceto theextractionoutputof
PASTA, anIE systemthatextractsprotein
structureinformationfrom MEDLINE ab-
stracts.Key characteristicsof PASTAWeb
aretheseamlessintegrationof thePASTA
extractionresults(templates)with WWW-
basedtechnology, thedynamicgeneration
of WWW contentfrom `static' dataand
the fusion of information extractedfrom
multipledocuments.

1 Intr oduction

Therapidly growing volumeof scienti�c literature,
a by-productof intensive researchin molecularbi-
ology andbioinformatics,necessitatesef�cient and
effective information accessto the publishedtext
sources.Informationretrieval (IR) techniquesem-
ployed in WWW interfacessuch as PubMedand
Entrez are very useful in browsing bibliographic

databasesand in facilitating the linking between
protein or genomesequencesand related refer-
ences. But the jobs of automaticallylocating and
extracting speci�c informationwithin the texts re-
quiremorespecialisedNaturalLanguageProcessing
(NLP) techniquesandhave beentheobjectof work
in informationextraction(IE) or text mining((Cowie
andLehnert,1996)).

While currentwork on IE in biology hasconcen-
trated by and large on the re�nement of IE tech-
niquesand improving their accuracy, the incorpo-
ration of an IE system's output into effective inter-
facesthatgenuinelyassistthebiological researcher
in his/herwork is equally important,andhasbeen
neglectedto date. Of courseimproving IE tech-
niques,their accuracy andcross-domainportability
areimportantresearchobjectivesfor languagetech-
nology researchers.But given that the techniques
will remainimperfectfor theforeseeablefuture,we
mustalsoaskhow biologistscanbene�t todayfrom
thelimited capabilitiesof existing IE technology.

In this paperwe describean approachto pro-
viding effective accessto the resultsof the Protein
Active Site TemplateAcquisition (PASTA) system
(Humphreys et al., 2000; Demetriouet al., 2002),
an IE systemthatextractsinformationaboutamino
acid residuesin proteinstructuresandtheir rolesin
proteinactive sitesdirectly from the publishedlit-
erature. To experimentwith a mechanismfor de-
livering PASTA resultsto biologist end-users,we
have developedthePASTAWebinterface,a WWW-
basedinterfacethatofferssearchandbrowsingfacil-
ities to the extractedproteinstructureinformation,
as well as to the original text sources(MEDLINE



abstracts).PASTAWebprovidestransparenttext ac-
cessandadvancednavigationcapabilitiesto enable
usersto track anddisplay the relevant information
from text to text. The PASTAWebfacilities enable
usersto �nd answersto implicit questionssuchas
Whatare the important residuesfor trypsin? or Is
serinefound in the activesite of amylase?and to
track the �o w of informationfor speci�c classesof
biologicalentities(residues,proteins,species)from
text to text.

Given the performancelimitations of currentIE
technology, it is to beexpectedthatsomeof theex-
tractedinformation may only be partially correct,
missingor spurious.ThePASTAWebinterfacecom-
pensatesfor the loss of informationby supporting
rapid,easyveri�cation by scientistsof theextracted
informationagainstthesourcetexts.

2 IE and its Application to Biomedical
Texts

Perhaps not surprisingly, the identi�cation of
biomedicaltermsin scienti�c textshasprovedto be
theeasiestextractiontaskandhasdemonstratedac-
ceptablelevelsof performance,not too far from the
best resultsachieved in the NE task in the MUC
competitions,despitedifferencesbetweenthe do-
mains(i.e. namesof persons,organisationsetc. in
MUC vs. termsidentifying proteins,genes,drugs
etc. in biomedicaldomains). The techniquesused
for this taskvary from rule-basedmethods(Fukuda
et al., 1998; Humphreys et al., 2000), to statistical
methods(Collier et al., 2000) and statistical-rule-
basedhybrids(Prouxetal., 1998).

More complex IE tasksinvolving the extraction
of relationalinformationhave alsobeenaddressed
by the bioinformaticscommunity. Theseinclude
proteinor geneinteractions(Sekimizuet al., 1998;
Thomaset al., 2000; Pustejovsky et al., 2002),
relations betweengenesand drugs (Rind�esh et
al., 2000)andidenti�cation of metabolicpathways
(Humphreys et al., 2000). The rangeof techniques
used in thesesystemsvaries considerably, but in
mostcasesrequirestheapplicationof moresophis-
ticatedNLP methodsincluding part-of-speechtag-
ging,phrasalor syntacticparsingand(for somesys-
tems)semanticanalysisanddiscourseprocessing.

To dateIE researchersworkingonbiologicaltexts

have concentratedon building or portingsystemsto
work in biological domains. This paperaddresses
theissueof utilising theIE results,afterdescribing,
in thenext section,theunderlyingPASTA extraction
system– whatit is designedto extract,how it works,
andhow well it faresin blind evaluationusingcon-
ventionalevaluationmetrics.

<RESIDUE-134> :=
NAME: SERINE NO: 87
SITE/FUNCTION: "catalytic"

"calcium-binding"
"active-site"

SEC_STRUCT: "helical"
QUAT_STRUCT:<not specified>
REGION: "lid"
INTERACTION: <not specified>

<IN_PROTEIN> :=
RESIDUE: <RESIDUE-134>
PROTEIN: <PROTEIN-2>

<IN_SPECIES> :=
PROTEIN: <PROTEIN-2>
SPECIES: <SPECIES-5>

<PROTEIN-2> :=
NAME: "triacylglycerol lipase"

<SPECIES-5> :=
NAME: "Pseudomonas cepacia"

Figure1: PASTA templateexample

3 The PASTA System

The overall aim of the PASTA systemis to extract
information about the roles of residuesin protein
molecules,speci�cally to assistin identifying ac-
tive sitesandbindingsites. We do not describethe
systemin greatdetailhere,asthis is describedelse-
where(Demetriouetal., 2002).

3.1 PASTA Extraction Tasks

3.1.1 Terminological Tagging

A key componentof PASTA, andof variousother
IE systemsoperatingin thebiomedicaldomainis the
identi�cation andclassi�cationof textual references
(terms)to key entity typesin thedomain. We have
identi�ed 12 signi�cant classesof technicalterms
in the PASTA domain: protein, species,residue,
site, region, secondarystructure, supersecondary



structure, quaternary structure, base, atom (ele-
ment),non-protein compound,interaction. Guide-
lines de�ning the scopeof the term classeswere
written, andanSGML-basedmarkupschemespec-
i�ed to allow instancesof the term classesto be
taggedin texts1.

3.1.2 PASTA TemplateFilling Tasks

ThePASTA templateconformsto theMUC tem-
platespeci�cationandis objectoriented. Slot �llers
areof threetypes: (1) string �ll – a string excised
directlyfrom thetext (e.g.Pseudomonas cepa-
cia ); (2) set�ll – anormalisedform selectedfrom a
prede�nedset(e.g.theexpressionsSer or serine
aremappedto SERINE, oneof a setof normalised
forms that representthe 20 standardaminoacids);
(3) pointer�ll – apointerto anothertemplateobject,
used,e.g.,for indicatingrelationsbetweenobjects.

To meet the objectives of PASTA, three tem-
plateelementsandtwo templaterelationswereiden-
ti�ed. The elementsare RESIDUE, PROTEIN
andSPECIES; thetwo relationsareIN PROTEIN,
holdingbetweena residueandtheproteinin which
it occurs,andIN SPECIES,holdingbetweenapro-
teinandthespeciesin which it occurs.

An exampleof a templateproducedby PASTA
for a Medlineabstractis shown in Figure 1, which
illustrates the three templateelementobjectsand
two templaterelationobjects.As canbe seenfrom
the �gure, the <RESIDUE> templateobject con-
tains slots for the residuename and the residue
numberin the sequence(NO). Secondaryandqua-
ternary structuralarrangementsof the part of the
structurein which the residueis found are stored
in the SECSTRUCTand QUATSTRUCTslots re-
spectively. TheSITE/FUNCTION slotis �lled with
widely recognizabledescriptionsthat indicatethat
thisresidueis importantfor thestructure'sactivation
(e.g. active-site ) or functionalcharacteristics
(e.g. catalytic ). The REGIONslot is about
themoregeneralgeographicalareasof thestructure
(e.g.lid ) in whichthisparticularresidueis found2.
TheINTERACTIONslotcapturestextualreferences
to hydrogenbonds,disulphidebondsor othertypes
of atomiccontacts.At this point theonly attributes

1The term class annotationguidelines are available at:
http://www.dcs.shef.ac.uk/nlp/pasta .

2A residuemaybelongto morethanoneregion

extractedfor protein and speciesobjectsare their
names.

3.2 SystemAr chitecture

The PASTA system has been adaptedfrom an
IE systemcalled LaSIE (Large Scale Information
Extraction),originally developedfor participationin
the MUC competitions(Humphreys et al., 1998).
ThePASTA systemis apipelineof processingcom-
ponentsthatperformthefollowing majortasks:text
preprocessing,terminologicalprocessing,syntactic
andsemanticanalysis,discourseinterpretation,and
templateextraction.

Text Preprocessing Thetext preprocessingphase
aimsat low-level text processingtasksincludingthe
analysisof thestructureof theMEDLINE abstracts
in terms of separatesections(e.g. the title, au-
thornames,abstractetc.),tokenisationandsentence
boundaryidenti�cation. With respectto tokenisa-
tion, tokensareidenti�ed atthesubwordlevel result-
ing in thesplitting of biochemicalcompoundterms
into their constituentswhich needto be matched
separatelyduring the lexical lookupphase.For ex-
ample,the term Cys128 is split to the three-letter
residueabbreviation Cys andthenumeral128 .

Terminological Processing The aim of the 3-
stageterminologicalprocessingphaseis to identify
andcorrectlyclassify instancesof the term classes
describedabove in section3.1.1. During the mor-
phological analysisstageindividual tokensareanal-
ysedto seeif they containinterestingbiochemical
af�x essuchas-ase or -in thatindicatecandidate
proteinnamesrespectively.

During thelexical lookupstagethepreviously to-
kenisedterms are matchedagainstterminological
lexicons which have beencompiledfrom biologi-
cal databasessuchasCATH3 andSCOP4 andhave
been augmentedwith terms producedby corpus
processingtechniques(DemetriouandGaizauskas,
2000). Additional subcategorisationinformationis
providedfor multi-tokentermsby splittingtheterms
into their constituentsand placing the constituents
into subclasseswhosecombinationis determinedby
grammarrules.

3http://www.biochem.ucl.ac.uk/bsm/cath/index.html
4http://scop.mrc-lmb.cam.ac.uk/scop/



Development Interannotator Blind
Recall Precision Recall Precision Recall Precision

Terminologyrecognition 88 94 92 86 82 84
Templateextraction 69 79 78 80 69 64

Table1: Summaryevaluationresultsfor termrecognition/classi�cation andtemplateextraction.

Finally, in a terminology parsing stage,a rule-
basedparseris usedto analysethe tokenisationin-
formationandthemorphologicalandlexical proper-
tiesof componenttermsandto combinetheminto a
singlemulti-tokenunit.

Syntactic and SemanticProcessing Termsclas-
si�ed during the previous stages(proteins,species,
residuesetc.) are passedto the syntacticprocess-
ing modulesasnon-decomposablenounphrasesand
a part-of-speechtaggerassignssyntacticlabels to
the remainingtext tokens. With the applicationof
phrasalgrammarrules,thephrasestructureof each
sentenceis derivedandthis is usedto build aseman-
tic representationvia compositionalsemanticrules.

DiscourseProcessing During the discoursepro-
cessingstage,the semanticrepresentationof each
sentenceis addedto a prede�ned domain model
which provides a conceptualisationof the knowl-
edgeof thedomain. Thedomainmodelconsistsof
aconcepthierarchy(ontology)togetherwith inheri-
tablepropertiesandinferencerulesfor theconcepts.
Instancesof conceptsaregraduallyaddedto thehi-
erarchyin order to constructa completediscourse
modelof theinput text.

TemplateExtraction A templatewriting module
scansthe�nal discoursemodelfor any instancesthat
arerelevant to thetemplate�lling task,ensuresthat
it hasall necessaryinformationto generatea tem-
plateand�ll its slots,andthenformatsandoutputs
thetemplates.

3.3 Developmentand Evaluation

Following standardIE systemdevelopmentmethod-
ology, a corpusof texts relevant to the study of
proteinstructurewas assembled.The corpuscon-
sistsof 1513Medlineabstractsfrom 20majorscien-
ti�c journalsthatpublishnew macromolecularstruc-
tures.Of theseabstracts,113weremanuallytagged
for the12 termclassesmentionedabove and55 had

associatedtemplates�lled manually. Theseanno-
tateddataweredividedinto distincttrainingandtest
sets.

Thecorpusandannotateddataassistedin there-
�nementof theextractiontaskde�nitions, supported
systemdevelopmentandpermitted�nal blind eval-
uationof the system.Detailedresultsof theevalu-
ation, for eachterm class,and for eachslot in the
templates,canbe found in Demetriouetal. (2002).
In Table1 wepresentthesummarytotalsfor thede-
velopmentcorpus,the unseen�nal evaluationcor-
pus(Blind) andthehumaninterannotatoragreement
whereoneannotatoris takento bethegoldstandard
andtheotherscoredagainsthim/her. Theevaluation
metricsare the well known measuresof precision
andrecall.

4 The PastaWeb Interface

The PASTAWeb interface5 is aimed at providing
quick accessand navigation facilities through the
databaseof thePASTA taggedtexts andtheir asso-
ciated templates. PASTAWeb hasborrowed ideas
from the interface componentof the TRESTLE6

systemGaizauskaset al. (2001) developedto sup-
port informationworkers in the pharmaceuticalin-
dustry. Key characteristicsof PASTAWeb are the
seamlessintegrationbetweenthePASTA IE results
andWWW-basedbrowsingtechnology, thedynamic
generationof WWW pagesfrom “static” content
andthefusionof informationrelatingto proteinsand
aminoacidresidueswhenfoundin differentsources.

4.1 PASTAWebAr chitecture

ThePASTAWebarchitectureis illustratedin Fig 2.

5Accessibleathttp://www.gate.ac.uk/cgi-bin/
pasta.cgi?source=start or via
the PASTA project home page at
http://www.dcs.shef.ac.uk/nlp/pasta/

6TRESTLE:Text Retrieval Extraction and Summarisation
Technologiesfor largeEnterprises
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Initially, MEDLINE abstractsarefed throughthe
PASTA IE systemwhichproducestwo kindsof out-
put: (i) texts annotatedwith SGML tagsdescribing
termclassinformationfor protein,residues,species,
regions, and (ii) templateswhich are usedas the
mainstoresof informationaboutresiduesincluding
relationalinformationbetweenproteinsandresidues
andbetweenproteinsandspecies.

OncePASTA hasrun,aseparateindexing process
createsthreeindices.The �rst associateswith each
processeddocumenttheterminologytaggedversion
of thetext andany templatesextractedfrom thetext.
The secondis a relationaltablebetweeneachdoc-
umentand eachof the instancesof the main term
classes(i.e. proteins,residuesor species)mentioned
in the document.This index alsopointsto the title
of thedocument,becausethe title canprovide vital
cluesaboutthecontentof thetext.

The �nal index is usedto assistthe `fusion' of
the informationin templatesgeneratedfrom multi-
ple texts for the sameprotein. This index provides
informationaboutthoseproteinsfor which thereare
templatesgeneratedfrom multiple documents.Due
to variationsin the expressionof the sameprotein
namefrom text to text, the identi�cation of suit-
able templatesfor fusion is not trivial. The prob-
lem of matchingvariant expressionsof the same
term in different databasesis a well known prob-
lem in bioinformatics.The currentimplementation
of the indexing addressesthis problemusing sim-
ple heuristicrules. Simply put, two templatesare
consideredsuitablefor fusion if the proteinnames
either matchexactly (ignoring casesensitivity) or
they include the same“head term”. The applica-
bility of the heuristicfor �nding a “head term” is
limited to constituenttermsendingin -ase or -in
(to excludecommonwords,suchas“protein”, “do-
main” etc.). For example,the protein terms“scor-
pion toxin”, “diphtheriatoxin” and“toxins” would
matchwith eachotherbecausethey all includethe
headterm“toxin”. Consequently, thecorresponding
templateinformationabouttheresiduesoccurringin
theseproteinswould be mergedinto a singletable,
thoughinformationaboutwhich slot �llers belong
to which termvariantis retained.

Thedecisionto do thematchingof variantnames
at the index level and not at the interface level is
simply dueto operationalissues.Matchingthepro-

tein namesfrom multiple texts involves the pair-
wisestringcomparisonsbetweenall proteinsin the
PASTA templates. The numberof thesecompar-
isonsincreasesvery rapidly asnew texts andtem-
platesare addedto the databaseand it was found
that is causesconsiderabledelayto theoperationof
thePASTAWebinterface.

Sinceinformationseekingtasksof molecularbi-
ologists may require complex navigation capabil-
ities, the storing of the resultsin “static” HTML
pageswould have beenunsuitableboth practically
(more dif�cult to implementpointersbetweendif-
ferentpiecesof informationandto alter andmain-
tain pages)and economically(requiresmore disk
space).We thereforeoptedfor a dynamicpagecre-
atorthatis triggeredby theusers'requestsexpressed
aschoicesover hypertext links. The dynamicpage
creatorcompilesthe information from the indices
and the associateddatabases(texts and templates)
and sendsthe resultsto the WWW browser via a
Webserver. In thedynamicallycreatedpages,each
hypertext link encodesthecurrentframe,the infor-
mation to be displayedwhen the link is selected,
andtheframein which this informationis to bedis-
played. For example,the hypertext link for a title
of a documentencodesinformationaboutthedocu-
mentid of thedocumentaswell asaboutthe target
frame in which the text will be displayed. Click-
ing on this link expressesa requestto PASTAWeb
for displayingthatparticulartext in thetargetframe.
The wholeoperationof PASTAWeblooselyresem-
blestheoperationof a �nite-stateautomaton.

4.2 Interface Overview

PASTAWeb offers a number of ways of access-
ing the protein structureinformation extractedby
PASTA. As shown in Fig 3 the interfacelayoutcan
be split into four main areas(frames). On the left
sideof thepagewe �nd the“AccessFrame”which
allowstheuserto selectamongsttext accessoptions.
Theseoptionsincludebrowsing the contentsof the
text databasesvia eitherthe protein, the residueor
the speciesindicesor via a text searchoption over
theseindexedterms.

The right hand side of the screenis split into
three frames. The top frame, so called “Header
Frame”(seeFig 3), is usedto generateanalphabeti-
cal index for proteinor speciesnameswhenever the



userhaschosentheproteinor speciesaccessmodes
for navigation.For residues,ratherthananalphabet-
ical index, a list of residuenamesis displayedin the
“HeaderFrame”. This is becausewhile thenumber
of proteinnamesandtheirvariantsis probablyinde-
terminable,thenumberof residuesremainsconstant
(i.e the20 standardaminoacids).

Justbelow the“HeaderFrame”is the“Document
Index Frame” which initially serves to display the
automaticallygeneratedindicestogetherwith docu-
ment information. The “Index Frame” is split into
two columns,theleft of which is usedto presentan
alphabeticallysortedlist of thechosentypeof index
(i.e. protein, residue,species). The right column
occupiesmorespacebecauseit displaysthe list of
correspondingdocumenttitles (asextractedby the
PASTA IE system). Thesetitles are presentedas
clickablehyperlinksto the full texts eachof which
canbedisplayedin the“TaggedText Frame”below.

A seconduseof the“Index Frame”is for display-
ing templateresults,explainedin moredetailbelow.

4.3 Term Accessto Texts

A typical interactionsessionwith PASTAWeb re-
quirestheuserto selectoneof the threeterm cate-
goriesin the“AccessFrame”,i.e. proteins,residues
or species.The“HeaderFrame”thendisplaysa list
of alphabeticalindices(for proteinsandspecies)or
a list of residuenames. Selectingany of thesein-
dices,e.g. “M” for proteins,activatesthe dynamic
generationof a list of proteintermsthatareindexed
by “M” (on theleft) of the“Index Frame”andtheir
correspondingdocumenttitles(ontheright). Differ-
ent font coloursareusedto distinguishbetweenthe
two differentkindsof information.

The selectionof any of the title links causesthe
systemto dynamicallytransformthePASTA-tagged
text from SGML to HTML anddisplayit in thebot-
tom “TaggedText Frame”with therecognisedterm
typeshighlightedin differentcolours.Thecolourin-
dex for thetermcategoriescanbeviewedin a frame
just below the “AccessFrame” (the “Colour Index
Frame”). Each taggedprotein, speciesor residue
term is itself a hyperlink which canbe usedto dy-
namicallyfetchtheindicesof thetexts in which this
termoccursanddisplaythemin the“Index Frame”.

Using this functionality, the user can navigate
throughasuccessionof textsfollowing asingleterm

or at any point branchingoff this chain by select-
ing anothertermandfollowing its occurrencesin the
text collection.

4.4 Web-basedAccessto Templates

Unfortunately, althoughthe type of object-oriented
templateproducedby PASTA (Fig 1) is anef�cient
datastructurefor storingcomplex information,it is
not suitablefor displaying to end-users. For this
reason,the templatesaredynamicallyconvertedto
a format that can be readily accommodatedto the
screen's layout while being at the sametime eas-
ily accessible.Theformatchosenfor displayingthe
PASTA templatesis tabular andis implementedas
anHTML table(seebackgroundpicturein Fig 3).

Accessto the templatesproducedby PASTA is
facilitated by special template“icons” or “�ags”
which are displayednext to text titles or protein
termsin the“Index Frame”.

Whena “single” templateicon is displayedto the
right of a title, this servesto �ag thata templatefor
this text is availableandcanbe accessedby click-
ing ontheicon. Ontheotherhand,whena“double”
templateicon is displayednext to a proteinnamein
the left columnof the “index frame”, this indicates
that therearemultiple templates(i.e. templatesex-
tractedfrom differenttexts) for this protein. Click-
ing on eitherof theseiconswill triggerPASTAWeb
to scanthecorrespondingobject-orientedtemplates,
analysetheir structuresand convert them into tab-
ular format. In the caseof fusedtemplatesthe in-
formationis assimilatedinto a singletemplate.The
templateinformationis thendisplayedin the“Index
Frame”togethera hyperlinkto thetitle of theorigi-
nal text which,whenselected,displaysthe(tagged)
text in the “TaggedText Frame”. This enablesthe
userto retrieve moredetailedinformationfrom the
text if needed,or to inspectandverify the correct-
nessof theextractedinformation.

PASTAWeboffersasimpleandeasyto usemech-
anismfor the trackingof informationfor a speci�c
entity from text to text, but can also assistin the
linking of informationbetweendifferententitiesin
multiple documents. Startingwith a speci�c pro-
tein in mind for example,amolecularbiologistmay
want to investigatestructuralsimilarities between
thatandotherproteinswith respectto whathasbeen
describedin theliterature.



5 Conclusionsand Future Work

We have describedPASTAWeb, a prototypeWeb-
basedinterfaceto the IE resultsof the PASTA sys-
tem. Scientistsin theareaof molecularbiology can
bene�t from the novel navigation and information
trackingcapabilitiesof PASTAWeb anduseit asa
tool for fastaccessto specialisedinformation.

At the time of writing, thedatabaseof processed
texts accessiblethroughPASTAWebis rathersmall
(975 texts in total). The rateat which new articles
appearon MEDLINE andthe limited resourcesde-
votedto PASTA make it prohibitive to develop and
maintainfor PASTAWebatext databaseof sizecom-
parableto MEDLINE. Nevertheless,PASTAWebof-
fers the core technologyfor the developmentof a
fully automatedIE systemwhoseinputcanbebased
on automatedupdates(“autoalerts”) from MED-
LINE without humanintervention. Current work
concentrateson the developmentof suchan auto-
matedsoftwarecomponentandon thefeasibility of
expandingthesystem's navigationcapabilitiesto al-
low usersto link togetherinformationprovided by
PASTAWebandby relatedserverssuchasthePro-
teinDataBankor SWISSPROT.

Finally, the utility of an interface such as
PASTAWebcanonlybetruly assessedby userevalu-
ation.Usabilityevaluationshouldbecarriedout us-
ing bothqualitative andquantitative methods.Qual-
itativeevaluationshouldbeusedto review theusers'
perceptionsaboutthedesign,their preferredstrate-
giesfor accessinginformationandwhetherthey �nd
the systemeasyto useand useful for performing
their tasks.Quantitative evaluationshouldfocuson
measuresof activity time,ef�ciency in trackingrele-
vantinformationandonanalysingtheeffect “noise”
in the IE resultshason usersatisfaction. However,
while thisevaluationremainsto bedone,webelieve
thatthework presentedhereprovidesconcrete,con-
structive ideasabouthow to effectively utilise the
outputof IE systemsin thebiologydomain.
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