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The new emerglng digitaltechnologleS are tranSfbrmlng the handlingofinfbrmation，and as aresult  

arechanglngthenatureoflmmanactivitiesandorganizations・There areavarietyofvisionsofwhat  
theconsequences willbe（arecentsamplingwouldincludeLanham，1993；Mitchell，1995；Negroponte，  

1995；Tapscott，1996；OrthecontentsofanyissueofWiredmagazine），eVeryOnei＄inagreementthatthe  

changeswillbeprofbundandwidereaching■   

At the University of Michigan we areinvoIvedin two broad responses to these changes．First，We  

haveundertaken anumber ofresearch projects that explore new technologleS and assess their e鮎cts  

onhumanactivity．Second，We areCreatingneweducationalprogramssowe can prepare students fbr  

interes七ingandusefu1careersinthese arellaS・Thesetwosetsofactivitiesareintertwinedbothviathe  

peopleinvolved（facultyandstudents）andtheideasembodiedinourapproachtoboth・Inthispaper  
Wedescribethesetwoareasofwork，andillustrateourapproachintheprocess．  

Digital Libraries and Collaboratories 

Thewidespread disseminationofinfbrmationin digitalfbrmhasproft）undimplicationsfbr human ac－  

tivitiesandinstitutions．Itisestimatedthatover90％ofallnewdataandinfbrmat・ionisnoworiginally  

Createdindigitalfbrm‥Print－On，PaPerOrlglnateSinwordprocessors；PrOfbssionalaudioisfu11ydigital，  

and widespread digitalvideois on the way．Digitalinfbrmation，PhysICal1yrepresented byelectrons，  

Photons，Ormagnetic負elds，hasvastlydi恥rentproperties thaninformationstored onstone，PaPyruS，  

PaPer，Or丘1m・Digitalinft）rmationcanbemovedatnearlythespeedoflight；itcanbestoredatatomic  

SCalesofdensity；itcanbecopiedperf6ctlyoverandover；andithasthepropertyof”digitalcoherence．”   

Digitalcoherencerefbrstothefactthattraditiona11yseparatemediasucha＄teXt，image、audio，Video，  

Citations，andalgorithmicinformationcannowallbeincludedinthesamecompounddocument．Aswe  

CanalreadyseeinthecrudebeginnlngSOftheWorldWideWeb，WearebeginnlngtOinventnewgenres  

－neWSOCiallyagreeduponwaystocreate，disseminate，PreSerVe，andusedata－information－knowledge．  

These new types ofdocuments may contain dynamicobjectssuch as audio，Video，Orreal－timedata  

displayandtherefbrehavenofu11representationonpaper・Ⅵ屯arealreadywellintotheworldofhybrid  
information－thecoexistenceofbothprint－On－Paperanddigitalinfbrmationresourcestomeethuman  
needs．   

Thesechangesinhowinfbrmationiscreated，rePreSented，disseminated，andretrievedisleadingtonew  

WaySOforganlZlnghumanactivities・Wehavebeenexploringthecomponentsofathree－PartVisionof  
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newwaysofsupportingknowledgework・Figurelshowsthisvisionschematical1y・Thethreecomponents  

are（1）thesupportofpeople－tO－PeOPleinteractions，（2）accesstostoredknowledgebasesinthefbrmof  

digitallibraries，and（3）theabilitytointreractwiththephysicalworldatadistance・Inthefb1lowing  

sectionswedescribetwobroadcategoriesofreseaJChthatinvoIvethesecomponents・Thefirstiswork  

ondigitallibraries，andthesecondisworkoncollaborat。riesthatbringallofthecomponentstogether・  

Figurel・Avisionofthenewwaysofsupportingknowledgework・  

βブタ如才上古ゐrdrよeβ  

Amulti－disciplinaryteamoffacul七yandstudentswithrootsininfbrmationandlibrarystudies，COmPuter  

science，pSyChology，eCOnOmics，andtheuniversitylibrarieswassuccessfu1inwinnlnga＄4millionaward  

throughtheDigitalLibraryInitiativefundedbytheNationalScienceFoundation（NSF），theAdvanced  

ProjectsResearchAgency（ARPA），andtheNationalAeronauticsandSpaceAdministration（NASA）・  

An additional＄4．5millionisbeingprovided throughindustrialcontributionsandcostsharing■This  

projectiscreatinganarchitectureandworkingprototypeintendedtobrokeraccessamongmillionsof  

digitalcollections－SerVices，andpeopleinwayswhichareeasy，relevant，andtimelyた〉rhumanstouse・  

ThetestbedisfocuslngOnCOllectionsintheareasofearthandspacescienceandsupportingusersin  

publiclibraries，universities，andhighschooIscienceeducation・  

DigitallibrarytechnologylSChanglngata・raPidpace，makingitinadvisabletofixspecincdesignsfor  

userinterfaces，SearChenglneS，OrCOllectionstruCtureS・Instead，UMDLdeBnesanarcllitecturefbrthe  

systemthatperformsgenericmanagementtasks，SuChasallocatingresourcestouser－requeStedtasksand  

brokeringconnectionsamongcollaboratingsystemmodules・UMDLspeciBesalanguageandpro七ocolた〉r  

communicatingaboutinfbrmationalorprocesslngCapabilitiesandinterests，SOthatusersandcollections  

canbebroughttogetherappropriately．Atthatpoint，Whattheydowiththeconnectionisnotdetermined  

atthelevelofour architecture．   

Distributingtaskstolargellumbersofspecialized，重ne－grainedagentspromotesmodularity，鮎Ⅹibility，  

andincrementality，aSneWServicescancomeandgowithoutdisturbingtheoverallsvstem・Limitingthe  
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Canbeusedinotherdomains・Forexample，fullyelectroniccommerceisemerglngaSbusinessesbegin  

tobuyand sellもheirgoods andservices ondigital11etWOrks．Thevarietyofthese goods andservices  

O鮫肌dwillbeenormous，Sincemuchexistingcommercewillmovetotheelectronicmedium，While，and  

perhapsmoreimpor七antly，entirelynewtypesofgoodsandserviceswi11emerge・Wefu11yexpectthat  

theorganizationofbusinesswi11radical1ychangeinresponsetoboththesegoodsandservices andalso  

inthewaytheyarevended．   

OnespeciBcareawehavethoughtaboutisteamfbrmation・Adhocteamsareanimportantbuildingblock  
ofmodernorganizations（e．g．，Waterman，1990；Katzenbach＆Smith，1993）．Insteadoflarge，Vertica11y  

integrated corporations，the trendis toward agile organizatio11S that can ea眉ily change capabilities，  

PrOducts，andstrategleSaSmarketsdemand・Thecoreconstituentsofagi1eorganizationsaredynamical1y  

Organized teams・Teammembers come fromboth within and outside the agile enterprlSe．Within a  

team，eaChmemberprovidessomecapabilityneededfbraparticularproductortask．Whencoordinated  

activityisnolongerintheinterestoftheparties，theteamsaredismantled・   

Most current business practiceassumesthatteamsarefbrmedbasedonexperience．Typical1y，eXPeri－  

enceis built throughrelationshipsspannlngyearS．Throughtheserelationships，itispossibletofu11y  

determinethecapabilityoforganizations，andtheir credibility・Electronic commerce，however，fiiesin  

the face ofcurrent pracもice．Potentialco11aborators－COrPOrations on the neもwork－are known only  

throughelecironicsioゆnis．Inelectroniccommerce，itisneitherlikelynordesirablethattraditional  

team－fbrmlngmethodsbeused・Rather，Weneedentirelynewmechanisms，andthetechnologleSbeing  

developedinUMDLseemideal1ysuitedfbrthisprocess．Ofcourse，eXtenSiveworkneedstobedoneto  

d誠nethevocabularyfbrasystemthatwoulda＄SistinthefbrmlngOfteams．Butthisexampleshows  

thatdigitallibrarytechnologyhasapplicationstoamuchwiderarena．   

me C¢JJα毎和わry   

A collaboratoryis the“…COrnl）inationofteclm01ogy，tOOIs andin丘as七ructure that allow scienti＄もS tO  

WOrkwithremotefacilitiesandeachotherasiftheywereco－located・”（Lederberg＆Uncapher，1989，  

P・6）ANationalResearchCouncil（1993）reportdefines acollaboratoryasa“．．．centerwithoutwalls，  

inwhichthenation’sresearcherscanperfbrmtheirresearchwithoutregardtogeographicallocation－  

interactingwi七hco11eagues，aCCeSSinginstrumen七ation，Sharingdataandcomputationalresources［and］  

accessinginfbrmationindigitIa11ibraries．”（NationalResearchCouncil，1993，P．7）AsimpliAedfbrmof  

these de貝nitions describes aco11aboratory as theuse ofcomputing andcommunicationtechnologyto  

achievetheenhanced accesstocolleagues andinstrumentsprovidedbyashared physicalloca．七ion，but  

inadomainwherepotentialcollabora七ionsarenotconstrainedbytemporalorgeographicbarriers．   

Thecollaboratoryideaappearedasscientistsrecognizedthepotenもialrepresen七edbyexpandingnational  

andinternationalcomputer networks．Thefirst explicit discussion ofcollabora七ories was at an NSF－  

SPOnSOredworkshopin1989convenedbyJoshuaLederbergandKeith Uncapher．Thisworkshopgave  

theco11aboratoryconceptvisibilitywithinthe NSFandotherrelevantnationalscientificcommunities．  

The report oftheworkshop ou七IinedanumberofspecificresearchprlOrities：enablinginffastruCture  

tos11pPOrt COllaboratories，COnStruCtionofco11aboratory testbedsinvariousscientific disciplines，and  

Studiesof七heproce＄SOfcollaborationandtheuseofthesetestbedsbyscientists（Lederberg＆Unca－  

Pher，1989）・Oneoutcomeofthe1989workshopwasaseriesoffurtherworkshopsin1993sponsoredby  

theComputerScienceandTrblecommunicationsBoardoftheNationalResearchCounciltoexplorethe  
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ftasibilityandutilityofcollaboratoriesfbrthreediscipline＄：mOlecularbiology，Physicaloceanography，  

andspacephysics・Thesefieldswerechosenfbrtheirheterogeneityinsize，Styleofresearch，teChnical  

SOPhistication，andtraditionalsourcesofsupport・Animportantoutcomeofthisactivi七ywastheNRC，s  

（1993）reportNaiionalCollaboraiories：Applyin9（njbrmaiion7tchnolo9yJbrScieniiPcResearch．The  

reportcal1edfbrsubstantialsupporttodevelop，refine，andevaluatetheco11aboratoryconceptinreal－  

isticsettings・Althoughnotofthescopecal1edfbrinthe NRCreport，atPreSenttherearenumerous  

COllaboratory－1ikefacilities，mOStlystarted after1992．Manyofthese effbrts havebeenfundedinfu1l  

OrPartiallybygrants丘omtheHighPerformanceComputingandComrmnication（ⅡPCC）initiative；a  
＄3billione鮎rttoproducetheNationalResearchandEducationNetwork（NREN）．Themostmature  

PrOjectsareinatmosphericandspacescience，biology，medicine，andphysics．   

WehaveembarkedonanambitiousseriesofcollaboratoryprojectsatMichigan．TheoldestistheUpper  

AtmosphericResearchC011aboratory（UARC）・UARCsupportsadistributedcommunityofspacephysi－  
Cistsbyprovidingthemwithreal－timecontrolofinstrumentsinGreenland，theabilitytocommunicate  

withtheir colleagues overshared real－time data，and access to archived data．In UARC ahalfdozen  

instruments transmit dataovertlleInternet tospecial1ydesigned displayprograms・Scientists atten  

SitesaJrOundtheworldcanviewthesedisplaysbyrunningthedataviewlngPrOgramSOnlocalmachines．  

Asimpletexトbased“chat”wiIldow a1lows the scientists tosllare reaCtions with each other about the  

PhenomenatheyareobservlngandtoselldinstructionstothesitecrewinGreenland・Simpleco11abo－  
rationsupportsuchasda・taannOtations，Windowsharlng，andtelepointinglSalsoprovidedtoassistthe  

realTtimeint・eraCtions・Inadditionto七hescientificresearch，COmmunicationandcollaboratIionpa七terns  

Ofthescientistsarebei11gStudied・ArecentoverviewisinOIsonet．al（inpress）．  

WhileUARCistheoldest，itisbynomeanstheonlycollaboratoryproject．Asimi1arprojectisdevelop－  

1ngateStbedwhichwillsupportcollaborationilluSlngmedicalimagesfbrdiagnosis・Thecollaborationis  

betweentheprimaryhealthcarephysiciansandhealthcarespecialists．Otherprojectsrecentlyinitiated  

areexplorlngtheapplicationof㍑virt・ualco－locationMtechnologytosupportautomotivedesignteamson  

aglobalbasisandtheftasibilityofaglobalcollaboratorytosupportresearchinhumarlVirology・Once  
agaln，mOredet・ailsaboutalloftheseprojectsareavailableontheWbrldWideWebatwww．si．umich．edu．   

C尺別γ－0鋸rO址職COJねみorⅦまory   

Wehavecreatedaco11aboratoryofourown，CalledtheCollaboratoryfbrResearchonElectronicⅥbrk，  

OrCREW，tOSuPpOrtOurWiderangeOfprojectsexplorlngthenewdigitalcultures．SixteenUniversity  

OfMichiganfaeultyand anumber ofgraduatestudents，pOStdoctoralf占110WS，visitingscholars，and  

SupPOrtStaffcompriseCREW，andthereisanextLellSivearrayofprojectssupportedbyboththef白deral  

governmentandindustry・CREWhasseveralinternationalprojectsaswellwithpartnersinEuropeand  
Asia．  

The New SchooI   

Theemergenceofdigitalcul七urealsocreatesneweducationalneeds・Weareintheprocessofcreating  

anewschool，Cal1edtheScho0lofInfbrmation，tOSuPPOrttIheeducationalneedsofnewgenerationsof  

Students・ThisschoolistheresultofamerglngOfseveralstreamsofactivity．  
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ThefirststreamisthefbrmerSchoolofInfbrmationandLibraryStudies．Formaleducationinlibrari－  

anshipattheUniversityofMichiganbeganabout1926withthecreationoftheDepartmentofLibrary  

Science under theleadership ofthe Director of Libraries，Wi11iamWarner Bishop．Dr．Bishop was  

motivatedbyenlightenedself－interest toprof占ssionalizelibra，rianshipbothhereandelsewhere．Natural  

growth anddemandfbrgraduatesledtothenextsteplnthelate1960’s．After ablueribbonoutside  

reviewin1969，theDepartmentbecametheSchoolofLibrarySciencewithRusse11Bidlackasthefirst  

dean．   

Abouttwodecadeslater，in1986，aSPartOfanationaltrendtoexamine“1ibraryeducation，”thefaculty  

acknowledged abroader鮎1dofendeavorfbrtheSchoolbyvotingtochangethe nametothe School  
OfInfbrmation and Library Studies（SILS）．Other similar schooIs also adopted broader names，SOme  

dropplngeXpユicitreftrenceto“1ibrary”duringthistime・   

In1992，PresidentJames Duderstadt and Provost・Gilbert Whitaker，Ofthe University ofMichigan，  

decidedthat SILSshouldtakeanevenbiggerstep・Theyo鮎redthe Schoolt・heopportunitytoboldly  

movetoeducateinfbrmationprofessionalsforleadershiplnthenewageofknowledge．Theyperceived  

bothgreat chal1engesandopportunit・iesaswemoveintoanerainwhichqualityoflifbisincrea・Slngly  
dependentuponknowledge，anddigitaltechnologylSradical1ycllanglnghowt・hisknowledgeiscreated，  

disseminated，uSed，andpreserved．Althoughtheneedfbrtimelyaccess toknowledgeandinfbrmation  

hasneverbeengrea七er，theinstitutions，SyStemS alldprocesses bywhichhumanswi11meet theseneeds  

arerapidlychanglng．WewereglVen，therefbre，thedualchal1engetonotonlyre－inventILSeducation，  

butalsotohelpre－inventlibraries．   

Astheserecentchangeswereoccurrl甘gatSILS，anOthergroupoffaculty，manyOfwhomwerealreadypar－  

ticipatinginthevariousdigitallibraryandcollaboratoryprojectsdescribedabove，begandiscusslngthe  

need王brabroad－basededucationalprogramthatcombinedtrainlnginteclm0logyandhumansystems．  

Overandoverwehaveseenthatthekevissueswit・hdigitaltechnologleSarenOtSOmuChthetechnoloM  
gleSthemselvesbuthowthey重tintohumanorga11izationsandpractices．Repeatedlyorganizationshave  

made costly mistakesin adoptingexpensivetechnologleSWithout proper up－front examinatiollOfthe  

PeOPleandorganizationsthatwouldusethem（Landauer，1995）・Yetthereisavastbodyofknowledge  

abouthurnancognitive，SOCial，alldorganizationalprocesses，andalargeexperientiallybarsedcollection  

Ofdesignmethodsfbrcarryingoutuser－Centereddesign（Norman＆Draper，1986；01son＆Morall，1996）・  

Thisconvincedusoftheneedtotrainpeoplewitht・heproperblendoftechnicalskills，behavioralscience  

knowledge，anddesignmethodstomakeadi鮎rence．   

Thisblendofskillsisofcoursemuchthesamesetneededtotraine仔ectivenew agedigita11ibrarians■  
Sointhespringof1995aboutadozel－facultyfromvariousplacesattheUniversityofMichigan（e・g・，  

PSyChology，pOliticalscience，eCOnOmics，COmPuter SCience，business administration）beganin earnest  

talkingwiththeexistingSILSfaculty aboutcreatinganewschooltoservethiswiderrangeofneeds・  

Wehavebeenmakingsteadyprogresstowardthisgoal，WOrkingout七hedetailsofcurriculum，SPeCific  

faculty appointments，and resources to create this new venture．This winter we anticipate recelVlng  

fbrmalapprovalfromtheUniversitytorenameSILStheSchoolofInfbrmation．ThenewSchooIwillfocus  

initiallyongraduatestudiesatboththeMastersandDoctorallevels．Weanticipatehavingprogramsin  

librarianship，arChives，human－COmPuterinteraction，informationsystemsmanagement，futuresystems  

architecture，andseveralotherareas・Wewillalsoputtogetherjointprogramswithother＄ChooIsand  

CO11eges at Michiganto create progra・mSinawide range ofspecific domains．W占expectit willtake  
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SeVeralyearstogeta1loftheseprogramupandrunnlng，butatleastseveralofthesewillbeinplaceby  

thefallof1996astheneweraofeducationattheSchooIofInformaもionbegins．  

Ⅵ屯arenotonlychanglngandenlarglngthecontentoftheschool，butalsoitsmethods．Weexpectto  

beextensivelyinvoIvedinexperimentationwithnewwaysoflearnlng・Muchofourcurriculumplannlng  
hasfbcusedonwhatalloftheseareashaveincommon，andweexpecttohaveallstudentsintheschooI  

Sharesomecommonexperiences・We alsoexpect tohaveaproject fbcusinmuchofourprofbssional  
education・Wealsointendtohaveanactiveacademicoutreachprogram，inwhichweo抒如alumniand  

otherswho arenot currentlyfu11．timestudents arangeofeducationalopportunities．In someofour  

OutreaChweexpecttousenewdistancelearnlngteChnologleS・  

Summary   

Wさatthe UniversityofMichiganare committed to an ambitious agendaofresearch，education，and  

OutreaChattheintersectionofthehumanandtechnical＄Ciences．O11rPrOjectsondigita王Iibrariesand  

COllaboratorie＄areindicativeofthekindofculturewearebuilding：SCholarsftomanumberofdisciplines  

COmlngtOgetherwithpartnersoutsideoftheUniversitytoexplorehowemerglngdigitalteclm0logleSCan  

beusedfbrhumangood・ThisrequlreSneWWaySOfthinking，neWkindsofalliances，andnewvarieties  

Ofhumanresources．OurnewSchoolofInformationwillbeatItlleheartoftlleSedevelopments．  
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