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Abstract

Case-basedreasoninghasbeenappliedsuccessfullyto many
diagnostictasks,and much attentionhasbeendirectedto-
wardsmaximizing performanceof the case-baseddiagnos-
tic process. In distributedcollaborationcontexts, however,
high-performanceCBR alonemaynot besuf�cient: individ-
ual abilities and organizationalroles introduceuniquecon-
straintson how supportshould be applied. To maximize
theusefulnessof acase-basedsupportsystem,systemdesign
must re�ect divergent usercapabilitiesandroles. This pa-
perpresentsa casestudyof a CBR-basedsystemto support
collaborative distributedtroubleshootingby adhocteamsof
sailorsandshipboardexperts.It shows how casesharingbe-
tweenparticipantscanbeusedto increasecon�denceandaid
situationassessment,“jump-starting”theaid process.It also
shows how informationfrom casescanbeusedto streamline
communicationbetweencollaborators,andhow thecommu-
nicationprocessneededto handlenovel situationscanbeex-
ploitedasa naturalvehiclefor dialogue-drivengenerationof
new casesto �ll gapsin theexistingcase-base.

Intr oduction
Case-basedreasoning(CBR) applicationshave beensuc-
cessfullydevelopedto supporthumanproblem-solvingfor a
wide rangeof tasks.Thebene�tsof thesesystemsdepends
not only on theeffectivenessof thesystemsthemselves,but
alsoon their �t with theneedsandconstraintsof theorga-
nization that appliesthem. When CBR is appliedin col-
laborative contexts, organizationalroles and policies have
profoundeffectson how casescanbeapplied,andmustbe
re�ectedby thesystemdesign.Thissuggeststakingaholis-
tic socio-technicalview of how to facilitatetaskswith CBR.

This paperpresentsa casestudyof thedesignof a case-
basedsupportsystemfor distributedcollaborative diagno-
sisof critical naval equipmentby shipboardsailorsandon-
shoresubjectmatterexperts(SMEs). Herethe acceptance
and usefulnessof the systemdependson more than sim-
ply the performanceof its coreCBR process.Beyond that
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process,the systemmust be integratedinto a framework
thatre�ects individualneedsandcapabilities,andmustalso
bridgethegapsbetweendifferentusers'knowledgeandca-
pabilities,all within the constraintsof organizationalpoli-
cies. This study illustratesthat designingsystemsthat re-
�ect role-baseduserneedsmaybeascrucialasaddressing
classicCBRissues.

In our system,collaborationtakes place within a con-
versationalcase-basedreasoning(CCBR) framework. In
CCBR,usersbuild upaproblemdescriptionby successively
answeringquestions,asthesystemincrementallyrankscan-
didatecasesand questionsto ask basedon the partial in-
formationavailable(Aha & Breslow 1997). For our task,
eachpartnerin thecollaborative processhasdifferentabili-
tiesandadifferentorganizationalrole. In response,wehave
designeda coreCCBRinterfacewith differentfunctionsfor
eachrole to supportindividual dutieswhile aiding shared
understanding.Thisapproachillustrateshow casesfor com-
munication, combinedwith role-basedaccessto and ma-
nipulationof captured cases, canhelp provide appropriate
supportfor divergentusersin distributedcollaboration.

Socio-TechnicalApproaches
to SystemDevelopment

Ourapproachto supportingsailor-SMEcollaborationarises
from a socio-technicalanalysisof their needsandthecapa-
bilities of practicaltechnology. Thephrase“socio-technical
systems”was coinedin the 1950's by Eric Trist and Ken
Bamforthat the Tavistock Instituteof HumanRelationsin
theUK (Trist & Bamforth1951). The termreferredto the
interdependentnatureof work, structure,technology, and
changein organizations. Trist and Bamforth discovered
that the ef�cient useof coal-gettingtechnologywas in�u-
encedby the socialrelationshipsof workersandsuperiors.
In the 1970's and1980's the basicprinciplesandmethod-
ology of socio-technicaldesign for information systems
weredevelopedin seminalworks including (Cherns1976;
Mumford1983;Eason1988).

The advantageof a socio-technicalapproachto system
developmentis that it avoidspotentialpitfalls from a piece-
meal,deterministicview of technology. Thesocio-technical
approachrecognizesthat the design, adoption, and use
of new technologiesaresusceptibleto organizationalcon-



straints.Following this approach,to developa CBR system
for naval technicianswe examinedthreetypesof organiza-
tional features:strategy, structure,andtaskcomplexity.

Strategically, theU.S.Navy intendsto leverageexpertise
by developingadvancedinformationtechnologiesto encour-
ageknowledgegenerationanddistribution. Consequently,
oursystemhasbeendesignedto ensurethatusersareableto
communicateandaccessa rich storeof troubleshootingex-
perienceto which they mayadd(Evans2004).Structurally,
theNavy hasorganizedits troubleshootingunitsin anadhoc
fashion.Consequently, our systemmustbe �e xible enough
to serve usersfrom a varietyof functionalcontextsandlev-
elsof expertise.Finally, thetaskof troubleshootingatadis-
tanceis bothunpredictableandhardto codify. This entails
thatthesystemsupplementcodi�ed knowledgewith support
for useof tacitknowledge(e.g.,encouragingremindingsand
associations),the latter beingespeciallyuseful in timesof
improvisationandinnovation.

The CollaborativeDistributed
TroubleshootingTask

In current U.S. Navy practice, non-expert sailors trou-
bleshootcomplex electronicsystemsby relyingonstandard
diagnostic�o wchartsandtechnicalmanualsto isolateoneor
moredetectedfaults. This prescribedtroubleshootingpro-
cessis most effective for documentedfaults. When stan-
dardizedmethodsandsupportmaterialsareexhausted,the
attendingsailorcontactsa remoteshore-basedSME for as-
sistance. For this interaction,sailor(s)and SME(s) often
have only basicmediasupport,in the form of email, chat,
and paperdocuments.In order to resolve a problemsuc-
cessfully:1) theSMEmustrequesta detailedaccountof all
actionstakenprior to therequestfor technicalassistance;2)
the sailormustconvey any uniqueaspectsof the operating
environment,includingrecentupgradesandclimaticcondi-
tions,3) basedondatareceived,theSMEmustdiagnosethe
problemandprescribecorrective actions;and4) the sailor
mustcorrectlyperformthecorrectiveactionsandeithercon-
�rm successfulresolutionof fault(s)or requestfurtherassis-
tance(Evans2004).

Plansfor signi�cant staf�ng reductionsin theU.S.Navy,
combinedwith increasinglycomplex shipboardsystems,
lossof experiencedueto job turnover andretirement,and
thedif�culty andexpenseof extensive training,make ship-
boardautomationa major priority. The successof CCBR
in diagnosticapplications(see(Watson1997)for samples)
andthecomparativesimplicity of leveragingexperienceand
learningin CBR systemssuggestedapplyingthesemethods
to thediagnosisof shipboardsystems.

Challengesfor ShapingCase-BasedSupport to
Fit Navy Policies

In conversational CBR diagnosis systems, cases for
previously-diagnosedproblemssuggestquestionsto ask a
user, to guideretrieval of similar prior casessuggestingdi-
agnosesfor the currentproblem. This appearsto provide
a natural replacementfor the sailor's �o wchart-following
process,andinitial efforts to build a CCBRsystemfor this

taskwereencouraging,bothfrom theviewpointof technical
promiseandfor reactionsof potentialendusers.

Unfortunately, when a prototype systemwas demon-
strated,two problemsarose. First, the actorsin the Navy
processareboundto act in accordanceto institutionalpoli-
cies. In particular, sailorsare required to follow standard
diagnostic�o wcharts;they donothave theauthorityto skip
portionsof thestandard�o wchartsasdictatedby thechoice
of questionsin CCBR.Second,learningfrom a sailor's di-
agnosticexperiencesis problematicaswell. Whenthesys-
temsbeingdiagnosedplaya vital role in theship'smission,
con�dencein systemadviceis crucial. If sailorcaseswere
capturedandreuseddirectly, theaccuracy of casescouldnot
be assureddue to the sailors' lack of expertisein andau-
thority for solutioncerti�cation. Thussimply providing the
sailorwith case-basedsupportwasimpossible.

In the naval process,only the SME is empowered to
go beyond the standardtroubleshootingprocedures.Thus
CCBRsupportcanbeprovidedto theSME. We decidedto
studyhow to maximizesupportfor boththesailorandSME,
in the context of their interaction. Although the sailor is
not allowedto usecase-basedreasoningdirectly, casescan
still supporthisor herroleby aidingthesailor'scaptureand
communicationof information,in additionto themoretra-
ditionalCBRtasksprovidedto theSME,asdiscussedin the
following section.

Opportunities for Supporting Collaborative
Distributed Troubleshooting

A �rst steptowardsdevelopingsupportfor acollaborationis
to examinetheneedsof the individualsinvolved. Previous
studiesnotethat ad hoc teamsaresusceptibleto a number
of dif�culties arising from interactionproblemsand other
limitations.In our taskcontext, thesedif�culties include:

Forgetfulness: Diagnosticactionsperformedby the sailor
maybeforgottenandnotconveyedfrom sailorto SME.

Insuf�cient Knowledge: Sailorsmayneedadditionalsup-
port to carryout tasksor describetheproblemeffectively.

Unfamiliarity With Personnel: TheSMEmaylackaclear
pictureof thesailor's level of understanding.

Lack Of Con�dence: The SME doesnot know what the
sailorhastruly done,only what thesailorsaysheor she
hasdone.Thus,it is oftennecessaryfor theSME to ask
thesailorto repeatsteps.

Communication Breaks: Externaleventsmayimposede-
laysin theinteraction,makingit dif�cult to maintainmu-
tualunderstanding.

Thesedif�culties canbesummarizedasre�ecting a com-
municationgapbetweenthesailorandSME. For example,
in own studiesa shore-basedSME of seventeenyears'ser-
vice reported:

”I'll behonest:[remotetroubleshootingis] reallydif�-
cult. But,thekey is thetechnicianontheotherend,you
know... I meanyoucanhaveall thedocumentationin
theworld andif youdon't haveanexperiencedtech on
theotherendof theline, youcando DistanceSupport



until you're blue in the face. But, if he can't describe
theproblemto you[thenit will inevitablyremainunre-
solved].”

Thus bridging the communicationgap betweensailor and
SMEis crucial.Weestablishedthegoalof providinganinte-
gratedCCBRinterface,following institutionally-sanctioned
practice,to meetthisneed.

Ourapproachcentersonusingcasesasa sharedbasisfor
collaboration,with informationaddedto or accessedfrom
casesin light of individual participants'roles. A key con-
tribution is that theuseof casesis not restrictedto a single
centralizedproblem-solvingsystem.Instead,casesareused
asa vehiclefor knowledgesharingbetweenusers,with as-
pectsof CBR processingexploitedwhenhelpful, andcase
informationusedin differentwaysat differentpartsof the
process.

Systemassistancecentersonfour phasesof thecollabora-
tivedistributedtroubleshootingprocess,eachonesupported
by differentmethods,aslistedbelow. For each,wesumma-
rize thegoalsof theassistanceandthemethodsweselected
to addressthem. The speci�c communicationdif�culties
that theseaddressare listed in parentheses.In the follow-
ing sectionwe describetheresultingprocessandsupportin
moredetail.

During initial sailor tr oubleshooting: Aid the sailor fol-
lowing standardprocedures(insuf�cient knowledge)and
automaticallylog actions(sailor forgetfulness,lack of
con�dence).
Method:Presentdiagnosticquestionsin a CCBR-like in-
terface,capturingresponsesto form aninitial case.

During establishmentof sailor-SME contact: Aid initial
communication(forgetfulness),SMEsituationassessment
andcon�dencein theresult(lackof con�dence),andcon-
tinuity overmultipleepisodes(communicationsbreaks)
Method: When a sailor initiates contact,automatically
transferaccumulatedcaseto theSME, giving immediate
andaccurateknowledgeaboutthestepsthesailor traced.
Thiscaseremainsaccessibleasareferencewhenevercon-
tactis reinitiatedafteraninterruption.

During collaborative tr oubleshooting:
	 Aid theSME'sdiagnostictask.

Method: Use data from the sailor's caseas retrieval
cuesto suggestpossiblecasesfor theSMEto pursue.

	 Streamlinefurthercommunication.
Method: Allow the SME to selectquestionsfrom ex-
isting casesto dispatchto the sailor, for presentation
in thesailor's conversationalinterface,andtransmitre-
sponseswhile recordingthemasadditionsto thesailor
case.

During knowledgeupdate: Aid theSMEin capturinguse-
ful knowledge.
Method:At theendof thediagnosticprocess,presentthe
new case,including SME-selectedadditionalquestions,
to bevettedby theSME.

A DetailedWalkthr oughof SystemUse
In theimplementedsystem,thesailorandSMEinteractwith
thesystemaccordingto thefollowing process:

Standard Troubleshooting: When a fault occurs for a
pieceof equipment,thesailoris dispatchedandperforms
standardtroubleshootingasguidedby thesystem.

	 Thesystemselectsquestionstopresentto thesailorone
ata timebasedonstandardtroubleshooting�o wcharts.

	 For each question, the sailor is presentedwith re-
latedresourcesto assistin answeringthequestion(e.g.
schematics,additionaldirections).

	 Thesailorprovidesanswersto thesequestions.These
answersareaddedautomaticallyto theinitial problem
descriptionof thecaseunderdevelopmentfor this trou-
bleshootingsession,for laterstorageasa new case.

	 Often,afteraseriesof questions,the�o wchartwill dic-
tatea diagnosisandcorrectiveaction.

Establishmentof Contact with SME: If the sailor ex-
haustsstandardprocedures,theSMEis contacted.

	 The preliminarycase(problemdescription),basedon
theactionsof thesailorsofar, is presentedto theSME.
Similarcasesareautomaticallyretrievedfrom thecase
base.

	 TheSME mayoptionallysuggesta diagnosisandcor-
rective action.Thesecouldcomefrom eithera similar
caseor personalexperience.

	 If theSME is not preparedto suggesta diagnosisand
correctiveaction,additionalquestionsmaybeprepared
for the sailor in order to further assessthe problem.
Thesequestionscancomefrom similarcases,theques-
tion collectionat large,or any new questionstheSME
wishesto de�ne basedonpersonalexperience.

	 TheSME sendsa responseto thesailor, containingei-
therthediagnosisandcorrectiveaction,or furtherques-
tions.

Sailor ResponseTo SME: The sailor receives the SME's
advice.

	 If theSMEsentadditionalquestions,thesailoranswers
them,within thesameinterfacethat thestandardtrou-
bleshootingproceduresweredone.Theseanswersare
addedto thecurrentcase.

	 If theSME senta diagnosisandcorrective action,the
sailorperformsthe corrective actionandchecksif the
fault hasbeenresolved. If the fault hasnot beenre-
solved, the failed diagnosisand corrective action are
addedto thecase'sdescription.If thefaulthasbeenre-
solved,thisresultis preparedfor communicationto the
SME.

	 Thesailor'sanswers,or theresultsof thecorrectiveac-
tion, aresentbackto theSMEin theform of thecase.

SME ReceivesResponse:The SME receives the sailor's
responseto thepreviouslysentadvice.

	 If questionswere answered,or a corrective action
failed,theSMEcontinuestroubleshootingasin theIni-
tial Contactwith SMEstepabove.



	 If thecorrectiveactionsucceeded,theSMEhastheop-
tion of indicatingthe diagnosisandactionasthe case
solution. Thecasemaybefurthereditedby theSME,
removing featuresdeemedirrelevant for the problem
description. The casecan then be addedto the case
basefor usein futureproblem-solvingepisodes.

Interface Design
To supportthe above processes,sailor andSME interfaces
mustenablemultiple typesof interactionsanduseof multi-
pletypesof information.BoththesailorandSMEinterfaces
supportsystemquestion-askingandanswercapture,follow-
ing thestandardCCBRmodel,but how theseareusedand
theadditionalcapabilitiesthey provide re�ect speci�c user
roles.

Sailor Interface Thesailorinterfacecontainsthefollowing
components:

	 Conversational�o wchartguidance(see�gure 1a.):The
sailor answersquestions,either from standardproce-
duresor from thosesuggestedby theSME. Thesailor
can view the problemdescriptionup to this point as
well asselectresourcesrelatedto thecurrentquestion
to bedisplayed.

	 ConversationalCBR: We have implementedCCBRin
a versionof this interface,to demonstratethat if direct
CCBR supportwereallowed for this “�rst-line” trou-
bleshooter, it could be seamlesslyintegratedwith the
�o wchartprocessby retrieving cases,basedon accu-
mulatedanswersto questions,if theendof a �o wchart
is reachedwithout a diagnosis.This would enablede-
�ecting SMEcontactsfor situationsin whichCCBRis
suf�cient. However, weexpectinstitutionalconstraints
to precludeits inclusionin the�elded system.

	 ResourceSearch: Flowchart stepsmay be annotated
with links to resources,andthesailormaydoafree-text
searchthroughon-lineresources(e.g.,technicaldocu-
mentsand“businesscards”for relevantpersonnel)for
additionalassistance.

SME Interface TheSME interfaceis divided into the fol-
lowing:

	 CurrentTechAssist: Theview of thecurrentproblem
(techassist),any notesenteredby the sailor or SME,
andthesolution,if onehasbeenreached.

	 RelatedTechAssists:(see�gure 1b.) A rankedlist of
casessimilar to thecurrentproblem.
Detailsof any casemaybeviewed,with a color-coded
comparisonof featuresmatchingandmismatchingthe
currentproblem.Any questionansweredin acasemay
bequeuedto besentto thesailor.
Thebottomportionof this screenlists eachfeaturein
a speci�c caseselectedfrom the list, color-coded—
Greenfeatureshave the samevaluesastheir counter-
partsin thecurrentcase,while featuresmarked in red
have valuesthatdo not match.Thewhite featuresrep-
resentquestionsthathavenotyetbeenaskedin thecur-
renttroubleshootingsession.Theusermaythenselect

oneof thesefeaturesandaddit to a queueof questions
to besentto thesailor.
For questionsthat the SME would like to askthat are
not part of prior cases,the SME may browsethe col-
lectionof questions,andalsode�ne entirelynew ones.
Additional unstructuredcommunicationsbecomean-
notationsof the case,potentially available for future
examinationor analysis.

	 Continue Troubleshooting: A viewer for available
questionsandquestionsqueuedto besentto thesailor.
Additionalquestionsmaybeaddedto thequeue.

	 SuggestResolution:An interfaceto allow theSME to
suggestadiagnosisandcorrectiveactionfor thecurrent
problem.

After problemresolution,theSME canaccessanadditional
interfaceto vet cases,reviewing questionsansweredby the
sailor, selectingquestionsto retain/discardby clicking (e.g.,
to deleteunfruitful paths),andchoosingwhetherto storethe
cases.

Re�ecting DivergentNeeds
TheimplementedapproachaddressesthesailorandSME's
divergentneedsin many ways:
Sailor diagnosticsupport: The systemdirectly supports

the sailor's routine tasksby automaticallyguiding the
sailor througha �o wchart and making technicaldocu-
mentsavailableasneeded.

Knowledgecapture for futur esailor diagnosticsupport:
The systemsupportssailor organization/grouping of ac-
cessed documents, to automatically make useful
collectionsavailablein thefuture.

Information capture fr om sailor, for useby SME: The
systemcaptureseachsailorresponse,in orderto provide
a trustworthy recordof the sailor's taskcontext. In this
way, casegenerationrelieves the sailor of the needto
recordthe troubleshootingsequenceandaidsthesailor's
roleof beingthe“eyesandears”for theSME.

Communication of contextsailor 
 SME: When stan-
dard �o wchart-baseddiagnostic proceduresare com-
pletedwithout problemresolution,the systemprovides
the completecaserecordto the SME. In this way, the
caseis usedto alleviatetheneedfor thesailor to actasa
reporter.

SME diagnosticsupport: The systemprovides the SME
with standardCCBRsupportfor diagnosis.

Communication SME 
 sailor: The systemstreamlines
SME information-gatheringby enablingthe SME to se-
lect questionsfrom existing cases—eitherfrom those
highly ranked by the CBR system,or from othersthe
SME may choosedueto his or her own experienceand
knowledge—tosendto thesailor.

Support for knowledgecapture for SME use: After
problem resolution, the system supports analysis of
the caserecord by the SME, to select key diagnostic
featuresto addto thecasebase,distilling anddistributing
knowledge.



(a)Portionof interfacefor supportingsailor.

(b) Interfacefor supportingSME.

Figure1: . Interfacesfor supportingsailorandSMEreasoningandcommunication.

Perspective

Conversationalcase-basedreasoninghasbeenextensively
appliedto diagnostichelp desks. Heider (1996)describes
theapplicationof CBR andinductionin a systemthatcon-
structsfault trees,similar to thefault treestakenasthestart-

ing point for our diagnosistask. The APPLICUSproject
appliedCBR to robotmaintenance(Bartsch-Sp̈orl 1997),in
circumstancessimilar to thoseof our project,includingdis-
tancesupportunderorganizationalconstraints.Both of the
above systemsstemfrom theINRECA projects(Bergmann



2001), which illuminated (amongmany other points) the
importanceof knowledgere�nementby an expert. In our
project,re�nementis accomplishedby theSME's veri�ca-
tion and�nal selectionof attributesto bestoredwith acase.

Our work emphasizesthe role of casesin supportinga
broaderprocess,in light of institutionalfactorsthatconstrain
the applicationof CCBR technology. The lessonsof this
projectrelateto anumberof topicsof interestfor CBR:

	 The possibility of, potentialneedfor, andvalueof inte-
gratinglimited facetsof CBR into partsof thework pro-
cessfor which full CBR is not allowed, as donein the
sailor's CCBR-styleinterfaceandsailor experiencecap-
ture.

	 That casebuilding by automaticusertrackingcanaid a
naturaltransferof problemsbetweencollaboratingpartic-
ipants,asshown hereaidingsituationassessmentby the
SMEandincreasingSMEcon�dence.

	 Thattherolesof theexpertandtheCCBRsystemshould
becooperative,asillustratedherewith theSMEprovided
supportto easilymergecase-providedknowledgewith his
or herown knowledge,supportedby captureandediting
for thesenew cases.

	 That a naturalapproachto caseacquisitionis to track
questionsfromahumandiagnosticdialogue—andthatthe
useof storedquestionsfrom prior casesto supportthedi-
aloguecanfacilitatethatprocess.Thiscanmakebuilding
of new casesanextension/revision processstartingfrom
near-misscases.

A numberof issuesremainfor future study. For example,
thecurrentdesignrelieson theSME to vet cases,but does
notaddresspossiblecon�icts betweendifferentSMEs'judg-
mentsof importantfeatures,etc. Likewise, as SMEs add
features,tools areneededto help standardizetheir feature
choices,to make surethat relatedcasesremaincompara-
ble. Suchconsistency issueshavebeenpreviouslyidenti�ed
in case-basemaintenanceresearch(e.g., (Racine& Yang
1996)),ashave additionalissuesin managingthedevelop-
mentof a casebaseandCBR systemasa whole (Leake et
al. 2001). We areexaminingtheapplicationandextension
of methodsto addresssuchproblems.

Anotherclassof problemsthat we identi�ed remainsto
be addressedaswell: The problemswhich may arisedue
to lack of familiarity betweenparticipantsin aninteraction.
We anticipatethat by variousmethods,suchasexamining
storedtrainingrecordsor assessingthesailor'sneedsto con-
sultadditionalresources,it will bepossiblefor thesystemto
presenttheSMEwith notonly aproblemcase,but alsowith
informationaboutthesailorwith whomtheSMEis commu-
nicating.How to generatethis information,andhow to help
theSME tailor responsesandsuggestappropriateresources
to aid thesailor, is a futureareafor our research.

Conclusion
This paperhasdescribeda systemto supportknowledge
capture,transfer, and sharingas it provides a vehicle for
communicationbetweensailorsandSMEs.Thesystemcap-
tures and conveys information about previous diagnoses,

supportingthe SME with speci�c caseinformation from
the sailor, andwith a case-basedreasoning(CBR) system
to provide suggestions.Whenexisting casesareon-point,
the SME can satisfy institutional con�dencerequirements
by simply certifying the solution; whenexisting casesare
not, they neverthelessmay suggestusefulquestions.This
facilitatesthe SME's own question-askingprocess—apro-
cessthat is automaticallyusedto build new casesfor the
future.Informalfeedbackfrompotentialusershasbeenpos-
itive, andwe have developedplansfor a formal evaluation
to quantitatively assessthesystembene�ts. We believe that
systemsaimedat case-basedsupportfor collaboration,re-
�ecting overarchinginstitutionalconstraints,area promis-
ing avenuefor addedacceptancefor real-world CBR.
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