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Abstract

Case-baserkasoninghasbeenappliedsuccessfullyto mary
diagnostictasks,and much attentionhas beendirectedto-
wards maximizing performanceof the case-basediagnos-
tic process. In distributed collaborationcontexts, howvever,
high-performanc€BR alonemay notbe sufcient: individ-
ual abilities and organizationalroles introduceunique con-
straintson how supportshould be applied. To maximize
theusefulnessf acase-basesupportsystemsystemdesign
mustre ect divergent usercapabilitiesand roles. This pa-
per presentsa casestudy of a CBR-basedystemto support
collaboratve distributedtroubleshootindy ad hoc teamsof
sailorsandshipboardexperts. It shavs how casesharingbe-
tweenparticipantcanbeusedto increasecon denceandaid
situationassessmentjump-starting”the aid processlt also
shavs how informationfrom casesanbe usedto streamline
communicatiorbetweercollaboratorsandhow the commu-
nicationprocessieededo handlenovel situationscanbe ex-
ploited asa naturalvehiclefor dialogue-drren generatiorof
new casego Il gapsin theexisting case-base.

Intr oduction

Case-basedeasoning(CBR) applicationshave beensuc-
cessfullydevelopedo supporthumanproblem-solvingor a
wide rangeof tasks.Thebene ts of thesesystemaepends
not only onthe effectivenes®f the systemghemseles,but
alsoon their t with the needsandconstraintof the orga-
nization that appliesthem. When CBR is appliedin col-
laboratve contets, organizationalroles and policies have
profoundeffectson how casesanbe applied,andmustbe
re ectedby thesystemdesign.This suggestsakinga holis-
tic socio-technicabiew of how to facilitatetaskswith CBR.
This paperpresentsa casestudyof the designof a case-
basedsupportsystemfor distributed collaboratve diagno-
sisof critical naval equipmentby shipboardsailorsandon-
shoresubjectmatterexperts(SMES). Herethe acceptance
and usefulnesf the systemdependson more than sim-
ply the performanceof its core CBR process.Beyond that
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process,the systemmust be integratedinto a frameawork
thatre ectsindividual needsandcapabilitiesandmustalso
bridgethe gapsbetweerdifferentusers’knowledgeandca-
pabilities, all within the constraintsof organizationalpoli-
cies. This study illustratesthat designingsystemshat re-
ect role-baseduserneedsmay be ascrucialasaddressing
classicCBRissues.

In our system,collaborationtakes place within a con-
versationalcase-basedeasoning(CCBR) frameavork. In
CCBR,usershuild upaproblemdescriptiorby successiely
answeringjuestionsasthesystemncrementallyrankscan-
didate casesand questionsto ask basedon the partial in-
formation available (Aha & Breslov 1997). For our task,
eachpartnerin the collaboratve processhasdifferentabili-
tiesandadifferentorganizationafole. In responsewe have
designedh coreCCBRinterfacewith differentfunctionsfor
eachrole to supportindividual dutieswhile aiding shared
understandingT hisapproachllustrateshow casedor com-
munication combinedwith role-basedaccessto and ma-
nipulation of captuled cases canhelp provide appropriate
supportfor divergentusersn distributedcollaboration.

Socio-Technical Approaches
to SystemDevelopment

Ourapproacho supportingsailorSME collaboratiorarises
from a socio-technicaanalysisof their needsandthe capa-
bilities of practicaltechnology The phrasé‘socio-technical
systems”was coinedin the 1950's by Eric Trist and Ken
Bamforthat the Tavistock Institute of HumanRelationsin
the UK (Trist & Bamforth1951). Thetermreferredto the
interdependenbatureof work, structure,technology and
changein organizations. Trist and Bamforth discovered
that the ef cient useof coal-gettingtechnologywasin u-
encedby the socialrelationshipsof workersandsuperiors.
In the 1970's and 1980's the basicprinciplesand method-
ology of socio-technicaldesign for information systems
were developedin seminalworks including (Cherns1976;
Mumford 1983;Eason1988).

The adwantageof a socio-technicabpproachto system
developmenis thatit avoids potentialpitfalls from a piece-
meal,deterministicview of technology Thesocio-technical
approachrecognizesthat the design, adoption, and use
of new technologiesare susceptiblgo organizationakon-



straints.Following this approachto developa CBR system
for naval techniciansve examinedthreetypesof organiza-
tional featuresstratgy, structure andtaskcomplexity.
Stratgically, the U.S. Navy intendsto leverageexpertise
by developingadwancednformationtechnologie$o encour
ageknowledgegeneratiorand distribution. Consequently
oursystemhasbeendesignedo ensurghatusersareableto
communicatendaccess rich storeof troubleshootingsx-
perienceo whichthey mayadd(Evans2004). Structurally
theNavy hasorganizedts troubleshootinginitsin anadhoc
fashion.Consequentlyour systemmustbe e xible enough
to sere usersfrom avariety of functionalcontects andlev-
elsof expertise.Finally, thetaskof troubleshootingt a dis-
tanceis bothunpredictablendhardto codify. This entails
thatthesystenmsupplementodi ed knowledgewith support
for useof tacitknowledge(e.g.,encouragingemindingsand
associations)the latter being especiallyusefulin times of
improvisationandinnovation.

The Collaborative Distrib uted
TroubleshootingTask

In current U.S. Navy practice, non-&pert sailors trou-

bleshoottomple electronicsystemdy relying on standard
diagnostico wchartsandtechnicaimanualgo isolateoneor

more detectedaults. This prescribedroubleshootingro-

cessis most effective for documentedaults. When stan-
dardizedmethodsand supportmaterialsare exhaustedthe

attendingsailor contactsa remoteshore-base@ME for as-
sistance. For this interaction,sailor(s) and SME(s) often

have only basicmediasupport,in the form of email, chat,
and paperdocuments.In orderto resole a problemsuc-
cessfully:1) the SME mustrequest detailedaccountf all

actionstakenprior to therequesfor technicalassistance?)

the sailor mustcorvey ary uniqueaspectof the operating
ervironment,includingrecentupgradesndclimatic condi-

tions,3) basedndatareceved,the SME mustdiagnosehe
problemand prescribecorrective actions;and4) the sailor
mustcorrectlyperformthecorrectve actionsandeithercon-
rm successfutesolutionof fault(s)or requesfurtherassis-
tance(Evans2004).

Plansfor signi cant stafng reductiondn the U.S. Navy,
combinedwith increasinglycomplex shipboardsystems,
loss of experiencedueto job turnover andretirement,and
thedif culty andexpenseof extensvie training, make ship-
boardautomationa major priority. The succesof CCBR
in diagnosticapplicationgsee(Watson1997)for samples)
andthecomparatre simplicity of leveragingexperienceand
learningin CBR systemsuggestea@pplyingthesemethods
to thediagnosiof shipboardsystems.

Challengesfor ShapingCase-Based®upport to
Fit Navy Policies

In corversational CBR diagnosis systems, cases for
previously-diagnosegroblemssuggesijuestionsto ask a
user to guideretrieval of similar prior casessuggestingli-
agnosedor the currentproblem. This appeardo provide
a naturalreplacemenfor the sailor's o wchart-folloving
processandinitial efforts to build a CCBR systemfor this

taskwereencouragingbothfrom theviewpointof technical
promiseandfor reaction®f potentialendusers.

Unfortunately when a prototype systemwas demon-
strated,two problemsarose. First, the actorsin the Navy
processareboundto actin accordancéo institutionalpoli-
cies. In particular sailorsare required to follow standard
diagnostico wchartsthey do not have the authorityto skip
portionsof the standardo wchartsasdictatedby the choice
of questionan CCBR. Second]earningfrom a sailor's di-
agnosticexperiencess problematicaswell. Whenthe sys-
temsbeingdiagnoseglay a vital role in the ship's mission,
con dencein systemadviceis crucial. If sailorcasesvere
capturedandreusedirectly, theaccurag of casesouldnot
be assureddue to the sailors' lack of expertisein andau-
thority for solutioncerti cation. Thussimply providing the
sailorwith case-basesupportwasimpossible.

In the naval process,only the SME is empaveredto
go beyond the standardrroubleshootingorocedures. Thus
CCBRsupportcanbe providedto the SME. We decidedto
studyhow to maximizesupportfor boththesailorandSME,
in the context of their interaction Although the sailor is
not allowedto usecase-baseteasoninglirectly, casescan
still supporthisor herrole by aidingthe sailor's captureand
communicatiorof information,in additionto the moretra-
ditional CBR tasksprovidedto the SME, asdiscussedh the
following section.

Opportunities for Supporting Collaborative
Distrib uted Troubleshooting

A rst steptowardsdevelopingsupportfor a collaboratioris
to examinethe needsof the individualsinvolved. Previous
studiesnote that ad hoc teamsare susceptibleéo a number
of dif culties arising from interactionproblemsand other
limitations. In our taskcontet, thesedif culties include:

Forgetfulness: Diagnosticactionsperformedby the sailor
maybeforgottenandnot corveyedfrom sailorto SME.

Insuf cient Knowledge: Sailorsmay needadditionalsup-
portto carryouttasksor describehe problemeffectively.

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

Lack Of Con dence: The SME doesnot know what the
sailorhastruly done,only whatthe sailor sayshe or she
hasdone. Thus,it is often necessaryor the SME to ask
thesailorto repeatsteps.

Communication Breaks: Externaleventsmayimposede-
laysin theinteractionmakingit dif cult to maintainmu-
tualunderstanding.

Thesedif culties canbesummarizedsre ecting acom-
municationgap betweerthe sailorand SME. For example,
in own studiesa shore-base®&ME of seventeenyears'ser
vice reported:

"Il behonest:[remotdroubleshootings] really dif -
cult. But,thekey is thetechnicianontheotherend,you
know.. | meanyou canhaveall the documentatiorin
theworld andif youdon't havean experiencedech on
the otherendof the line, you cando DistanceSupport



until you're bluein theface But, if he can't describe
theproblemto you([thenit will inevitably remainunre-
solvedT.

Thus bridging the communicationgap betweensailor and
SMEis crucial. We establishethegoalof providing aninte-
gratedCCBRinterface following institutionally-sanctioned
practice to meetthisneed.

Ourapproactcenterson usingcasesasa sharedasisfor
collaboration,with informationaddedto or accessedrom
casedn light of individual participants'roles. A key con-
tribution is thatthe useof caseds not restrictedto a single
centralizedproblem-solvingsystem.Instead casesareused
asa vehiclefor knowledgesharingbetweernusers with as-
pectsof CBR processingxploited when helpful, and case
informationusedin differentways at differentpartsof the
process.

Systemassistanceentersonfour phase®f thecollabora-
tive distributedtroubleshootingprocesseachonesupported
by differentmethodsaslistedbelow. For eachwe summa-
rize thegoalsof the assistancandthe methodsve selected
to addresgshem. The speci c communicationdif culties
thattheseaddressare listed in parentheseslin the follow-
ing sectionwe describeheresultingprocessandsupportin
moredetail.

During initial sailor tr oubleshooting: Aid the sailor fol-
lowing standardbrocedureginsufcient knowledge)and
automaticallylog actions (sailor forgetfulness,lack of
con dence).

Method: Presentliagnosticquestionsn a CCBR-like in-
terface,capturingresponset form aninitial case.

During establishmentof sailor-SME contact: Aid initial
communication(fagetfuness) SME situationassessment
andcon dencein theresult(lack of con dence),andcon-
tinuity over multiple episodegcommunicationsreaks)

Method: When a sailor initiates contact,automatically
transferaccumulatedaseto the SME, giving immediate
andaccurateknowledgeaboutthe stepsthe sailortraced.
Thiscaseremainsaccessiblasareferencavhenaercon-
tactis reinitiatedafteraninterruption.

During collaborative tr oubleshooting:

Aid the SME's diagnostidask.

Method: Use datafrom the sailor's caseas retrieval
cuesto suggespossiblecasedor the SME to pursue.
Streamlingfurthercommunication.

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

During knowledgeupdate: Aid theSMEin capturinguse-
ful knowledge.

Method: At theendof thediagnostigprocesspresenthe
new case,including SME-selectedadditionalquestions,
to bevettedby the SME.

A Detailed Walkthr ough of SystemUse

In theimplementeaystemthesailorandSME interactwith
thesystemaccordingo thefollowing process:

Standard Troubleshooting: When a fault occurs for a
pieceof equipmentthesailoris dispatchedndperforms
standardroubleshootingisguidedby the system.

Thesystenselectgjuestiondo presento thesailorone
atatime basedn standardroubleshootingo wcharts.
For each question, the sailor is presentedwith re-
latedresourceso assisin answeringhequestion(e.g.
schematicsadditionaldirections).

The sailor providesanswerdo thesequestions.These
answersareaddedautomaticallyto theinitial problem
descriptiorof thecaseunderdevelopmenfor thistrou-
bleshootingsessionfor laterstorageasa new case.
Often,afteraseriesf questionsthe o wchartwill dic-
tatea diagnosisandcorrectve action.

Establishmentof Contactwith SME: If the sailor ex-
haustsstandardgrocedureshe SME is contacted.

The preliminary case(problemdescription) basedon
theactionsof thesailorsofar, is presentedo the SME.
Similar casesareautomaticallyretrievedfrom thecase
base.

The SME may optionally suggest diagnosisandcor-
rective action. Thesecould comefrom eithera similar
caseor personakxperience.

If the SME is not preparedo suggest diagnosisand
correctve action,additionalquestionsnaybe prepared
for the sailor in orderto further assesghe problem.
Theseguestioncancomefrom similar casestheques-
tion collectionat large,or any new questionghe SME
wishesto de ne basedn personakxperience.

The SME sendsaresponséo the sailor, containingei-
therthediagnosisandcorrective action,or furtherques-
tions.

Sailor Responselo SME: The sailor recevesthe SME's
advice.

If the SME sentadditionalquestionsthesailoranswers
them,within the sameinterfacethatthe standardrou-
bleshootingoroceduresveredone. Theseanswersare
addedo thecurrentcase.

If the SME senta diagnosisand correctie action, the
sailor performsthe correctize actionandchecksif the
fault hasbeenresohed. If the fault hasnot beenre-
solved, the failed diagnosisand correctve action are
addedo thecasesdescriptionIf thefaulthasbeenre-
solved,thisresultis preparedor communicatioro the
SME.

Thesailor'sanswerspr theresultsof thecorrective ac-
tion, aresentbackto the SME in theform of thecase.

SME RecevesResponse:The SME receves the sailor's
responséo the previously sentadvice.

If questionswere answered,or a correctve action
failed,the SME continuedroubleshootingsin thelni-
tial Contactwith SMEstepabove.



If thecorrective actionsucceededhe SME hastheop-
tion of indicatingthe diagnosisandactionasthe case
solution. The casemay be further editedby the SME,
removing featuresdeemedrrelevant for the problem
description. The casecan then be addedto the case
basefor usein future problem-solvingepisodes.

Interface Design

To supportthe above processessailor and SME interfaces
mustenablemultiple typesof interactionsanduseof multi-
pletypesof information.BoththesailorandSME interfaces
supportsystemquestion-askingndansweircapture follow-
ing the standardCCBR model,but how theseare usedand
the additionalcapabilitiesthey provide re ect speci c user
roles.

Sailor Interface Thesailorinterfacecontainghefollowing
components:

Corversationalo wchartguidancgseegure 1a.):The
sailor answersquestions gither from standardproce-
duresor from thosesuggestedby the SME. The sailor
canview the problemdescriptionup to this point as
well asselectresourceselatedto the currentquestion
to bedisplayed.

CorversationalCBR: We have implementedCCBRin
aversionof thisinterface,to demonstrat¢hatif direct
CCBR supportwere allowed for this “ rst-line” trou-
bleshooterit could be seamlesslyntegratedwith the
0 wchartprocessby retrieving casespasedon accu-
mulatedanswerdo questionsif theendof a o wchart
is reachedvithout a diagnosis.This would enablede-
ecting SME contactdor situationdn which CCBRis
sufcient. However, we expectinstitutionalconstraints
to precludeits inclusionin the elded system.

ResourceSearch: Flowchart stepsmay be annotated
with links to resourcesandthesailormaydoafree-text
searchthroughon-lineresourcege.g.,technicaldocu-
mentsand“businesscards”for relevantpersonnelfor
additionalassistance.

SME Interface The SME interfaceis divided into the fol-
lowing:

CurrentTechAssist: The view of the currentproblem
(techassist),any notesenteredby the sailor or SME,
andthesolution,if onehasbeenreached.

RelatedTechAssists:(see gure 1b) A rankedlist of

casesimilarto the currentproblem.

Detailsof any casemay be viewed,with a color-coded
comparisorof featuresmatchingandmismatchinghe
currentproblem.Any questioransweredn a casemay
be queuedo besentto the sailor

The bottomportion of this screerlists eachfeaturein

a speci ¢ caseselectedfrom the list, color-coded—
Greenfeatureshave the samevaluesastheir counter

partsin the currentcase while featuresmarkedin red
have valuesthatdo not match. Thewhite featuresep-
resenfjuestionshathave notyetbeenasledin thecur

renttroubleshootingession.The usermaythenselect

oneof thesefeaturesandaddit to a queueof questions
to besentto thesailor.

For questionghatthe SME would like to askthatare
not part of prior casesthe SME may browsethe col-
lectionof questionsandalsode ne entirelynew ones.
Additional unstructuredcommunicationdecomean-
notationsof the case,potentially available for future
examinationor analysis.

Continue Troubleshooting: A viewer for available
questionandquestiongjueuedo be sentto the sailor
Additional questionsnaybe addedo thequeue.
SuggesResolution:An interfaceto allow the SME to
suggesadiagnosisaandcorrectiveactionfor thecurrent
problem.

After problemresolutionthe SME canaccessanadditional
interfaceto vet casesreviewing questionsansweredy the
sailor, selectingquestiongo retain/discardy clicking (e.g.,
to deleteunfruitful paths)andchoosingvhetherto storethe
cases.

Re ecting DivergentNeeds

Theimplementedapproachaddressethe sailorandSME's
divergentneedsn mary ways:

Sailor diagnosticsupport: The systemdirectly supports
the sailor's routine tasks by automaticallyguiding the
sailor througha o wchart and making technicaldocu-
mentsavailableasneeded.

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

Information capture from sailor, for useby SME: The
systemcapturesachsailorresponsein orderto provide
a trustworthy recordof the sailor's task contet. In this
way, casegenerationrelieves the sailor of the needto
recordthe troubleshootinggequencandaidsthe sailor's
role of beingthe“eyesandears”for the SME.

Communication of contextsailor ~SME: When stan-
dard o wchart-baseddiagnostic proceduresare com-
pleted without problemresolution,the systemprovides
the completecaserecordto the SME. In this way, the
caseis usedto alleviate the needfor the sailorto actasa
reporter

SME diagnosticsupport: The systemprovides the SME
with standardCCBR supportfor diagnosis.

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

Support for knowledgecapturefor SME use: After
problem resolution, the system supports analysis of
the caserecord by the SME, to selectkey diagnostic
featurego addto the casebasedistilling anddistributing
knowledge.



(a) Portionof interfacefor supportingsailor.

(b) Interfacefor supportingSME.

Figurel: . Interfacedfor supportingsailorand SME reasoningandcommunication.

Perspective

Corversationalcase-basedeasoninghasbeenextensvely
appliedto diagnostichelp desks. Heider (1996) describes
the applicationof CBR andinductionin a systemthatcon-
structsfaulttrees similarto thefaulttreestakenasthestart-

ing point for our diagnosistask. The APPLICUS project
appliedCBR to robotmaintenancéBartsch-Sprl 1997),in

circumstancesimilar to thoseof our project,includingdis-
tancesupportunderorganizationatonstraints.Both of the
above systemsstemfrom the INRECA projects(Bergmann



2001), which illuminated (amongmary other points) the
importanceof knowledgere nementby an expert. In our
project,re nementis accomplishedy the SME's veri ca-
tion and nal selectiorof attributesto be storedwith acase.
Our work emphasizeshe role of casesin supportinga
broadeprocessin light of institutionalfactorghatconstrain
the applicationof CCBR technology The lessonsof this
projectrelateto a numberof topicsof interestfor CBR:

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

That casebuilding by automaticusertrackingcanaid a
naturaltransferof problemsbhetweercollaboratingpartic-
ipants,asshovn hereaiding situationassessmerity the
SME andincreasingSME con dence.

Thattherolesof the expertandthe CCBR systemshould
becooperatie, asillustratedherewith the SME provided
supporto easilymemgecase-praidedknowvledgewith his
or herown knowledge,supportedy captureandediting
for thesenew cases.

That a naturalapproachto caseacquisitionis to track
questionsrom ahumandiagnostidialogue—andhatthe
useof storedquestiongrom prior casego supporthedi-
aloguecanfacilitatethatprocessThis canmalke building
of new casesan extension/reision processstartingfrom
nearmisscases.

A numberof issuesremainfor future study For example,
the currentdesignrelieson the SME to vet casesput does
notaddrespossiblecon icts betweerdifferentSMEs'judg-
mentsof importantfeatures,etc. Likewise, as SMEsadd
featurestools are neededo help standardizeheir feature
choices,to make surethat relatedcasesremaincompara-
ble. Suchconsisteng issueshave beenpreviouslyidenti ed
in case-basenaintenanceesearch(e.g., (Racine& Yang
1996)),ashave additionalissuesn managingthe develop-
mentof a casebaseand CBR systemasa whole (Leake et
al. 2001). We areexaminingthe applicationandextension
of methodgo addressuchproblems.

Anotherclassof problemsthat we identi ed remainsto
be addresse@swell: The problemswhich may arisedue
to lack of familiarity betweerparticipantsn aninteraction.
We anticipatethat by variousmethods,suchas examining
storedtrainingrecordsor assessinthesailor'sneedgo con-
sultadditionalresourcest will bepossiblefor thesystento
presenthe SME with notonly aproblemcaseput alsowith
informationaboutthe sailorwith whomthe SME is commu-
nicating.How to generatehis information,andhow to help
the SME tailor responseandsuggestappropriatgesources
to aid the sailor, is afutureareafor ourresearch.

Conclusion

This paperhas describeda systemto supportknowledge
capture,transfer and sharingas it provides a vehicle for
communicatiorbetweersailorsandSMEs. Thesystencap-
tures and corveys information about previous diagnoses,

supportingthe SME with speci ¢ caseinformation from
the sailor, andwith a case-basedeasoning({CBR) system
to provide suggestions.When existing casesare on-point,
the SME can satisfy institutional con dencerequirements
by simply certifying the solution; when existing casesare
not, they neverthelesamay suggestseful questions. This
facilitatesthe SME's own question-askingprocess—aro-
cessthat is automaticallyusedto build nen casesfor the
future. Informalfeedbackrom potentialusershasbeenpos-
itive, andwe have developedplansfor a formal evaluation
to quantitatvely assesshe systembene ts. We believe that
systemsimedat case-basedupportfor collaboration,re-
ecting overarchinginstitutional constraintsare a promis-
ing avenuefor addedacceptancéor real-world CBR.
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