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Abstract
Wikis may be usedto expandthe scientific researchprocessbeyondthe traditional publicationof a communication
within a journal. It will be shown that the tools usedduring the data analysisphaseof scientific researchmay be
integratedinto a wiki for interactivevisualization.This approachbindstogethertwo disparatesegmentsof thescientific
visualizationprocessÐthevisualizationof complexexperimentaldatawith thepublicationof resultsandanalysis.The
ability to addnew insightsbeyondthe original researchmeansthat the documentcanevolveover time andbe a focal
point for collaborative extension of the scientific narrative.

Introduction
Journalsare the de facto medium for communicatingresultsof scientific research.Yet, they exhibit a numberof
limitations. At their coreresidesthe scientific paper,a concisetext-basednarrativethat is responsiblefor the bulk of
communication.Imagery is relegatedthe subservientrole of illustrating the essentialpoints set forth in the report.
Within this context,readersmustcontendwith static imageryandchartsscatteredaboutthe text. Imagesaretypically
small,of excessiveinformationdensity,andoftenpoorly positionedwithin a pagelayout.The resultis a minimization
of the linkagebetweenimageandnarrative.Moreover,many illustrationsaresnapshotsfrom complexvisualizations
over multiple spatial and temporaldimensionsthat, by their nature,are incompleterepresentationsof the systems
studied.In contrast,the interactivevisualizationsoftwarethat createdthis imagerymayhavebeenrun on multi-screen
displaysor on specialoutputdevicessuchasvideo walls [NI061], 3D stereographicsystems[MAR02], or immersive
environmentssuchasCAVES [NEI93] that providea level of visual descriptionanddetail not found in print media.
Conversely,scientific visualizationsystemsarenot designedto accommodate,annotate,andformat the largebody of
descriptivetext requiredfor a completedocument.Moreover, journal articles themselvesare closed,unable to be
annotatedor appendedby otherscientists.This is unfortunate,given the fact that a publicationis onemilestoneout of
many in an open-endedasynchronouscollaborativeresearchprocessthat is science.And journals are the major
repository of a fieldÕs group memory or knowledge!

This paper attemptsto addressthese issuesof scope, interaction, and collaborationby creating a prototype
asynchronouscollaborativevisualizationsystemas a mash-upbetweentwo technologiesÐ a wiki and an interactive
scientificvisualizationprogram.In thenextsectionwe discusstheproblemof bindinga journalarticle to visualization.
A discussion on building collaboration will follow, ending with a final discussion.

Binding
Thepurposeof this sectionis to discusssomewaysin which a betterconnectionmaybemadebetweenjournalarticle
and visualizationsoftware.We have selectedmolecularvisualizationas the applicationdomain for our discussion
becausemolecularvisualizationenvironmentstypically integratedatageneration,visualization,andanalysis[MAR03].
In addition,thesesystemsmustrendera vastarrayof graphicalrepresentationsnot found in mainstreamvisualization
systemsin orderto supportvisual analysisof datageneratedfor molecularstructureanddynamicsby both theoryand
experiment.
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Therearea numberof approachesfor bindinga scientificpublicationwith an interactivevisualizationsystem.The
simplest, most direct, and standardpractice followed by many scientific journals is to provide source data as
supplementarymaterial.The scientistcandownloadthe data,readit into his or her visualizationprogram,andfollow
thepaperÕscommentary.Sincethescientistwhowrotethepaperandthescientistwho readsthepaperareassumedto be
domainexpertsandusethesameor similar visualizationsystems,it shouldberelativelyeasyfor thereaderto translate
the paperÕs descriptive text into interactive visualization.

Themajorproblemwith this approachis that raw datafile formatstypically allow only sparseannotation.And the
commentsare only relatedto the data itself (e.g. the authors,datahistory, experimentalconditions,datacollection
methods,etc.); nothing specifying how the imageswere createdthat are containedin the paper.As a result, all
information about the visualization resides in the publication.

An early approachto delivering augmenteddatawas pioneeredby the journal ProteinSciencein 1992 when it
distributedannotatedsourcedatafiles calledkinemages(kinteic images).KinemagesareASCII files thatcontainsource
data,annotateddisplaylists for visualizationscenarios,andaccompanyingdescriptivecomments.They weredesigned
by David and JaneRichardsonof Duke University as part of their interactivemolecularvisualizationsystemcalled
Kinemage[RIC92]. Kinemagesarecreatedby a scientistauthorwith a helperprogramthat embedsscript commands
for constructingviewsof theimagesdisplayed,andextendedcommentsor annotations.Thesefiles arethenmadefreely
availableat the journalÕswebsite.A scientistthendownloadsa kinemageinto a local copyof theKinemagemolecular
viewer, selects a script for each three-dimensional view, manipulates it, and reads the associated documentation.

Most recently,a numberof publishershaveaddeddirect interactivevisualizationsupportfor data files. This is
currentlydonefor three-dimensionalbiomolecularstructuredataat the AmericanChemicalSocietyÕsACS Chemical
Biology , the Royal Society of ChemistryÕsMolecular Biosystems[MOL06], and NatureStructuraland Molecular
Biology [EDI06]. Thesesitesusea programcalledFirstGlancein Jmol [FIR07] that is a userinterfaceto to the Jmol
molecularvisualizationapplet [HER06]. First_Glanceworks within a web browser to enablereadersof scientific
journalsto visualizethe main featuresof newly published3D models.It parsesdatafiles to extractout their essential
structuralfeaturesandproducesa webpagethatcontainstheembeddedJmolappletanda setof buttonsthatcontrol the
display of a standard collection of biomolecular representations that flesh out the contents of the data file.

Jmol is the essentialvisualizationcomponentof thesewebpages.It is a free, open-sourcemoleculeviewer for
chemistryandbiochemistrywritten in Java.Jmolcanreada wide varietyof molecularstructurefiles, andallowsusers
to directly manipulatethethreedimensionalmoleculardatawith mousecontrolovergeometrictransformationssuchas
rotation,scaling,and translation;andchangethe renderingstyle for all or part of the molecule.Besidesits extensive
visualizationcapabilities,Jmol hastwo attributesthat are essentialto First_GlanceÕsoperationand its usein linking
sourcedata to text: it can read commandscripts that control how the data is displayed;and it usesLiveConnect
[LIV07], the API that furnishesJavaScriptwith the ability to call methodsof Javaclassesusing the existing Java
infrastructure.Hence,Javascriptprovidesthe meansto connectJmolÕsfunctionality with user interfaceobjects(e.g.
buttons,checkboxes,etc.)thatareembeddedwithin HTML. With a buttonclick, a scriptcommandis sentto theapplet
that in turn updates the graphical representation.

Demonstrationsof JmolÕspower as an embeddedvisualization tool and a meansfor tightly binding textural
communicationwith visualizationmaybeseenin theHTML pagescreatedby thestudentsof theBiology Department
of Kenyon College[BIO07]. The web pagedisplayedin Figure 1 is one suchexample.It presentsthe structureof
HIV-1 reversetranscriptasecomplexedwith FAB-28 monoclonalantibodyfragments.The HTML pageis segmented
into two frames:the left framecontainingan embeddedlink to a chemicaldatafile that is readby Jmol,andthe right
frame containing the descriptivetext. When the web page is initially loaded into the browser,text and graphical
descriptionsof thedataaresynchronized.Theviewermaychangethevisualrepresentationsat anytime throughJmolÕs
pop-upmenuor moving the mouseover the image;but, in so doing, the dynamic imagemay no longer accurately
reflect the contentsof the static text. Jmol cancorrectfor thesechangeswith the useof its scriptingcapabilities.By
clicking on embeddedbuttonswithin the text (c.f. Figure1), Jmol receivesa sequenceof commandsvia its Javascript
interfaceand executesthe Javamethodsassociatedwith thosecommandsto changestructural representationsand
invokeanimationcommands.And in this webpage,thesebuttonsareusedto synchronizeimageryto text by invoking
scripts that actively display what the text is communicating.
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Figure 1. Jmol in webpage with embedded buttons that launch Jmol scripts.

Collaboration
Althoughrich in content,thestaticwebpagesdiscussedabovearedifficult to annotateandshare.A naturalapproachis
to use Wiki website technology that supports the addition and editing of hypertext. As such, a wiki sustains
collaborativeauthoringof dynamichypertextdocumentsthat canevolveover time. In so doing,a wiki canbe usedto
extendthe scientific publishingandcommunicationparadigmby openingup a closedscientific paperto augmentation
by the scientific community as new data becomes available or new insights are realized.

Therearehundredsof wiki enginesfrom which to choosethathavebeenwritten in a wide varietyof programming
andscriptinglanguages[WIK07]. JSPWiki[JSP07],a WikiWiki enginebuilt aroundstandardJ2EEcomponents(Java,
servlets,JSP),wasselectedfor this work. It is a matureandstableWiki with simple formating rules, installseasily,
providesa simple authenticationmechanism,supportsRCS-basedversioncontrol, allows file attachmentsto a page,
and can be extended using plug-ins.

In orderto createthe collaborativescientific narrative,the Jmol appletmustbe insertedinto JSPWiki.Therearea
numberof waysof doing so.Creatinga plugin is onepossibility.Anotheris to allow the wiki to executeHTML code
including Javascript.Since Jmol usesJavascriptembeddedwithin HTML this option becomesthe path of least
resistance.However,this methodis not without its dangers,giventhat the insertionof insecureJavascriptcould leadto
system corruption. That said, we will use this option for the purpose of demonstration.

Figure2 displaystheJmol/JSPWikicombination,thestartingpoint for collaboration.A scientisthascreateda wiki
entrycontaininganddescriptivetext with embeddedJmolcommandslinked to interfacebuttons.It wasinsertedinto a
new wiki pageby meansof a copy andpaste.This wasfollowed by the uploadingof a file containingthe molecular
coordinatesasan attachmentto the wiki page.A two columnHTML tablewasusedto arrangeJmol andthe body of
text within an HTML in-line frame. This approachmimics the arrangementfound in Figure 1. Other schemesfor
partitioningthe documentspacearepossible,suchasusingthe HTML div tag.But the essentialissueis that the page
shouldbeorganizedin sucha way asto maintainthecloseproximity betweennarrativeandvisualizationsoasthetext
is read, the graphical representations may be manipulated.
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Figure 2. Jmol in with enhanced text embedded within wiki.

At a later time, a collaboratorexploresthe wiki pageby usingthe embeddedJmol scriptsor usingJmolÕsinteractive
pop-upconsoleto input scriptcommandson-the-fly.Whendone,thecollaboratormayeitherentera comment,edit the
documentto include the new scripts,or downloadthe moleculestructurefile to refine the dataanalysison a local
machine.After analysishasbeencompleted,a newcommentarymaybeuploadedto thewiki. Over time eachscientist
can review the documentÕshistory by using the wikiÕsversioncontrol system.Specifically, it can display how the
documenthasevolvedaseachsuccessivechangeandadditionhasbeenmade.Eachversionin thehistorycanbeloaded
and explored at any time.

Conclusions
In this paperwe havediscusseda numberof issuesthat arisewith respectto the useof documentsasmediatorsin the
scientific researchprocess.The first issue is the creationof scientific publicationsas hypermediawith embedded
interactivevisualizationsoftware.A scientific paperformattedin this way is far superiorto a documentdelivered
currentlyby publishersbecausethis format makesa connectionbetweenthe visualizationsoftwarefrom the analysis
phaseof the researchprocesswith that of the communicationphase.In so doing, the complexstatic imagesthat are
normally renderedin a publicationare mappedback into the interactivegraphicalstatesas originally viewed by the
documentÕsauthors.In addition,if thevisualizationsoftwarerunson specialdisplayhardwaresuchasvideowalls and
3D stereographicsystems,thenthesesystemsbecomeintegratedinto thedocument,enrichingthepresentation.Finally,
the imagerycanbe synchronizedwith the descriptivetext. This synchronizationaddsa complementaryredundancyto
thescientificnarrativesothatnot only is the informationdescribedin detailbut alsois shownin detail [MAR04]. This
is particularly important where complex data sets are analyzed.

Thesecondissueis documentdelivery.It is possiblefor scientific journalsto implementwhatwe havedescribedin
concept.Many publishers(e.g. the AmericanChemicalSociety)deliver journalsas either PDF or HTML files. The
latter formatalreadycontainsrich contentwith links to imagesandotherdocuments.Hence,embeddinga visualization
applet becomesa real possibility. In addition, authoringtools for creatingthesedocumentscan be developed.For
example, two such tools have recently appearedfor preparing Jmol-basedwebpages:SchiSM [CAM07] and
Jmol_Web_Page_Maker[JMO07]. SchiSM is a web-basedclient-serverprogramthat combinesHTML forms as an
userinterfacewith pre-definedauthoringtemplatesto constructan HTML document.A userentersJmol scriptsand
associatedtext. When done,the serverdisplaysthe result and deliversthe documentas a compressedfile readyfor
downloadingandincorporationinto a websiteasshownin Figure3. The resultsarereasonable,andmay be enhanced
with additional editing.
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Figure 3. Sample output by SchiSM template.

Publisherscould advancethe authoringof thesekinds of documentsby providing templatesfor interactivewebpage
construction.This would foster the creationof more meaningfulscientific commentary.Sincescientific narrativeis
formally structured,it shouldbe possibleto generalizethe kinds of templatesthat alreadyexist andadaptthemto the
narrative form. Many publishers currently require templates to be used by technical authors. For example,
Springer-Verlaghasa long history of designingand using TeX documenttemplatesfor monographs,multi-authored
works, lecture notes,and conferenceproceedings;and computerscientistsare required to author their documents
employing ACM and IEEE publication templates for publication in conference proceedings.

Third, we discussedhow these interactive documentsmay be placed within a wiki to support collaborative
asynchronousvisualizationin which multiple authorscontributeto a documentÕscontentsallowing it to evolve over
time, thus expandingthe scientific publishingand communicationparadigm.In addition, thesewiki systemssupport
emergentcollaboration[MAI94]. Emergentcollaborationoccurswhen individualswho haveno formal connectionto
the original documentcreatemodificationsthat are integratedinto the document.This is an empoweringnotion that
opensup the researchprocessso that the documentcangrow asother individualsbecomeinterestedin the research,
possibly taking it far beyond its original scope.

Fourth,from a technicalperspective,theability to easilyinserta graphicalapplicationinto a wiki in orderto create
a collaborativevisualizationsystemmeansthat the needfor specializedsoftwaredesignedto supportcollaborative
visualizationis mitigated,becausethe wiki becomesthe basisfor sharing.With a wiki asfoundation,it thenbecomes
easier to constructmore complex collaborativevisualization systems.For example,this systemcould have been
extendedby adding an interactivecharting applet to display xy graphsand statisticalplots - complementarydata
representations that support scientific research.

Finally, becausewiki technologyis open,andit may be modified eitheroutright or adaptedto accommodatenew
features,thereareopportunitiesforf furtheractivedevelopmentof collaborativevisualizationandpublicationsystems.
Specifically, wikis may be enhancedto better accommodateapplets, and applets may be extendedto better
accommodate hypermedia communication. Development in these areas will be welcome.
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