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ABSTRACT

Acrisisisanemergencyeventthatcanleadtomultipleinjuriesanddamagetopropertyorenvironment.
Propertrainingofcrisismanagementpersonnelisvitalforreducingtheimpactofamajorincident.In
searchforknowledgeonhowbesttoimplementcommunicationforvirtualenvironmentsfortraining,
communicationinonlinegameswasstudied.Findingsonvoicecommunicationinonlinegameswere
researchedandformulatedasasetofstatements.Byaskingparticipantsinanempiricalstudyof
crisismanagement,thestatementswereeitherconfirmedorrefuted.Resultsshowthatmultiplayer
gamesarehighlysimilartotherequirementsforcrisismanagementtraininginvirtualenvironments.
Approximately two-thirds of the statements proved coherent in both domains. The practical
significanceofthisworkliesintheprovisionofdesignimplicationsforavirtualenvironmentfor
crisismanagementtraining.Thus,thispapercontributestodemonstratingthetransferabilitybetween
thesedomains.Finally,thepaperreflectstheresultsintheoriesofcommunicationandengagement.
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INTRoDUCTIoN

Acrisisisanemergencyeventthatcanleadtomultipleseriousorfatalinjuriesandcancause
structuralfailureordamagetoaproperty.Aplanecrash,anexplosionorafireatanairportare
examplesofsucheventsintheaviationsector.Tominimisepersonalinjuryandlimitdamage,any
suchemergencysituationshouldactivatearapidandwell-organisedcrisismanagementresponse.
Inscaleandcomplexity,crisiseventsfarexceedthecognitiveandcommunicativeresourcesof
anindividual(Greef&Arciszewski,2007).Therefore,theresponsetoacrisismustbemanaged
bypersonswhoareorganised in teams thatbelong toemergencyservicessuchasRescueand
Firefighters,PoliceorParamedics.Duringcrisiseventsinformationisprovidedinface-to-face
conversation or by telecommunication channels, including radio and telephone systems and
multimodalinformationtechnology.
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Communicationanddataflowbetweenteammembers,e.g.firstrespondersandcommanders,is
paramountandplaysacrucialrolethroughalllevelsofcoordination(Cooke,Gorman,Myers,&Duran,
2013).Acoordinationstructureisbasedoneffectivecommunicationandmustbedeployedtodrive
theoperationintothesuccessfulrecoveryofanormalsituation.Examplesofcommunicationincrisis
managementincludereportsaboutincidentscaleandprogress,requestsforresourcesorinformation
andtaskdelegation.Firstrespondersandcommandersonthescenesharethisinformationwitheach
otherandwithremotecommandcentres.Researchhasshownthattrainingteamsincommunication
skillsandstrategiescanhelpthemovercomehindrancesincoordination(Salas,Cooke,&Rosen,2008)
buttoachievegoodteamperformancethecommunicationtrainingneedstobecarefullydesigned
(see(Adelman,Christian,Gualtieri,&Bresnick,1998)andameta-analysisofwhichfactorsimprove
teamperformance(Salas,DiazGranados,etal.,2008))andthatthedesignoftechnologyneedstobe
foundedintheneedsandabilitiesofteams(Salas,Cooke,etal.,2008).

Motivatedbytheneedfortrainingofcommunicationduringcrisismanagement,wheretheuse
ofheterogeneousmediaandtherequirementofreliableinformationdeliveryincrisismanagementis
emphasised,weaimedtoinvestigatethedesignofcommunicationinavirtualtrainingenvironment
forcrisismanagersandfirstresponders.Becausereal-lifetrainingforcrisismanagementisexpensive
duetoitscomplexity,temporalcriticalityanddemandsforresources,traininginavirtualenvironment
canbeafavourableoption.Predecessorsofvirtualenvironmentsweresocalledmicroworldsthat
havebeenusedforsimulationsandtraining(Brehmer&Dörner,1993).Previousresultsoftrainingin
virtualenvironmentshavebeenobtainedindomainssuchascrisiscommunication,decisionmaking
andemergencyresponse(Haferkamp,Kraemer,Linehan,&Schembri,2011),resourcemanagement
(Heinrichs,Youngblood,Harter,&Dev,2008),medicaleducation(Creutzfeldt,Hedman,Medin,
Heinrichs,&Felländer-Tsai,2010;Grantcharovetal.,2004;Wiecha,Heyden,Sternthal,&Merialdi,
2010)andtrainingairportemergencyplans(Zarraonandia,Vargas,Díaz,&Aedo,2009).However,
reviewsofthestateoftheartofvirtuallaboratoriesforeducationrevealsthatwhilecommunication
andcollaborationisoneoffourdesigncriteriaofvirtualsystems,onlyafewprojectshavefulfilled
itcompletely(Potkonjaketal.,2016).

Virtualenvironmentshavebeensignificantlyinfluencedbyonlinegametechnologyduringthe
pastfewyears.Originally,developedforthepurposeofamusementandrecreation,gamesnowoffer
trainingandeducationalopportunities,oftentermedseriousgames(Crookall,2010).Theevolution
of gaming from a single player to an online multiplayer experience provides an opportunity to
trainforcrisismanagementinavirtualenvironment.Toenhancetheirchancesofachievingagoal,
playersofmultiplayeronlinegamesandcrisismanagersprefertoexchangeinformation.Ingames,
twomodesofcommunicationarenormallyused,textandvoice.Typedtexthasbeenthetraditional
mediumofcommunication,buttheuseofvoiceisontherise,becausespeakingisanaturalform
ofcommunication;speakingisfasterthantypingandallowsforsimultaneoususewithothergame
interfacessuchasamouseorakeyboard(Wadley,2011;Wadley,Gibbs,&Benda,2005).

Thepurposeofthisresearchwastoexploitfindingsoncommunicationinonlinegamesinthe
literatureandlifeobservationsofcrisistrainingtocreateguidelinesfordesignofcommunication
interfacesinavirtualtrainingenvironment.Wewantedtotakeadvantageoftheknowledgedeveloped
ingamesresearch,orwhathasbeentermedgamificationbyDeterding,Dixon,Khaled,andNacke
(2011),as“theuseofgamedesignelementsinnon-gamecontexts”.Themethodologyappliedinthis
studyisdepictedinFigure1.Welookedforfindingsonvoicecommunicationinonlinegamesinthe
literatureandformulatedasasetofstatements.Afterinquiringabouttheexperienceofparticipants
andobservingtheirworkpracticesinanempiricalstudyofcrisismanagementcommunication,the
statementswerevalidated.The resultswereused to createdesignguidelines for communication
interface,usableforthedevelopmentofCrisisManagementTraining(CMT)inavirtualenvironment.
Wewillshowthattheseguidelinescanbeappliedindevelopingtrainingsystemsinothersafety
criticaldomains.Asecondaryresultofthisstudyishowwellfindingsonvoicecommunicationin
onlinegamesfitforcrisismanagementtraininginvirtualenvironment.
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BACKGRoUND

Safety-Critical Communication
Oneoftherequiredcomponentsofcrisismanagementiseffectivecommunicationthatmustensure
reliableinformationdeliverytotheappropriatedestination,carryingclearcontentwithasatisfactory
levelofdetail. In thisrespect,previousresearchaddresses informationexchange,media,andthe
repercussionsofproblemsincommunication.

Reliable information exchange is a significant activity for safety-critical communication. A
studyintheaviationdomainshowedthatapproximatelythreequartersoftheerrorsoninformation
exchangethatwerereportedandassessedforsituationawarenessresultedfromafailuretoperceive
informationcorrectly;one-fifthoftheerrorswerebecauseoffailingtofullycomprehendasituation
andonlythreepercentoftheerrorswererelatedtotheprojectionofafuturesituation(Jones&Endsley,
1996).Thismodelofsituationawarenessconsistingofperception,comprehensionandprojectionisa
fundamentaloneforsystemdesign,butitneedstobeexpandedtoincludeteamsituationawareness.
Althoughmostoftheresearchonsituationawarenesshasbeenconductedintheareaofaviation,it
hasspreadtootherdomains,whichthenpromptsaddressinguniquesituationalawarenesschallenges
(Endsley&Jones,2013).

Theuseofdifferentmediaandtheirimpactonworkhasbeenstudiedintheliterature.Inthe
theory of communications grounding, Clark and Brennan (1991) introduced characteristics of
differentmedia anddescribed their influenceon informationdelivery andunderstanding.These
mediacharacteristicsandtheirimportanceforsafety-criticalcommunicationswereevaluatedinafield
studyofcommunicationintheoil-drillingindustry(Bayerl&Lauche,2010).Thestudyshowedthat
comparedtomedialikephone,e-mailandaudio,morerecentlyadoptedICTmedia,suchasvideo
anddesktopsharing,didnothavearadicalimpactonteamcoordination,butresultedinmodification
andadaptationofexistingroutines.

Problemsincommunicationcanhavevariousimplicationsforteamperformance.Afieldstudy
andliteratureresearch(Bharosa,Lee,&Janssen,2010)foundthata lackof informationsharing
among response agencies can cause major problems such as a negative influence on collective
decision-making and the coordination of action. The results showed that problems occur at all
levelsofcoordination(individual,team,andagency),andthus,theymustbetackledattheselevels

Figure 1. A model of online games findings and applicability to the Crisis Management Training (CMT) environment
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simultaneously.Adescriptivestudyofthechallengesofcommunicationinemergencyresponse(Manoj
&Baker,2007)identifiedthreeproblemtypes:1)technologicalchallenges,suchasrapiddeployment
ofacommunicationsystemormulti-agencyinteroperability;2)sociologicalchallenges,including
thesharingofinformationorthelackofacommonvocabulary;and3)organisationalchallenges
thatvarywithrespecttochangesbetweenhierarchical,flatorhybridorganisations.Wewilladdress
theseagaininthediscussionoftheresults.

Crisis Management Training
Trainingprovidestheopportunitytoevaluateoptions,whilealackoftrainingwillcausedelayswith
negativeconsequencesforcasualtiesinareal-lifesituation.Trainingshouldexposeresponderstoa
rangeofsituationsthatarebasedonpotentialscenariosthatcouldoccurintheirjurisdiction.People
wholearnhowtosolveacomplexsituationduringatrainingexercisecanrespondmoreefficiently
duringareal-lifeeventcomparedtothosewithoutthetraining(Jain&McLean,2005;Klein,1993).

Theabilityofteamstocoordinatetheiractionseffectivelydeterminesthesuccessofcrisis
management(Toups,Kerne,&Hamilton,2011).Security,medical,rescueandfire-fightingteams
that are deployed at the site of an incident have different professional backgrounds and have
varyingskillsthatareacquiredinindividualandteamtraining.Therefore,ininter-teamtraining
responderteamscoulddevelopsimilarmentalmodels,allowingemergencymanagerstoestablish
comparableapproachestowardstheteamsandtowardsresponderswithintheteams.Coordination
ofskillsthatshouldbetaughtincludeinformationexchange,decisionmaking,causalanalysisand
predictionofsituationdevelopment.Trainingincommunicationsisfundamentaltothetraining
ofcoordinationskills.

A valuable training method for emergency preparedness in the aviation sector is a full-
scale exercise. A large-scale, multi-agency, real-life exercise improves crisis coordination and
communicationinclose-to-realenvironmenttrainingconditionsandresultsinthoroughpreparation
acrossprofessionaldomains.However,theexerciserequiresaconsiderablenumberofpersonneland
substantialorganisationalcomplexity,whichimplysignificantfinancialandtemporaldemands.Such
anexerciseistypicallycarriedouteverytwoyearsintheaviationsector,butbecauseofalackof
resourcestheintervalcanbealmostdoubled.Whilealarge-scaleexercisecanyieldcredibleresults,
asubsetoftherequiredskillscanbeobtainedbyperformingasimplertable-topexercise.Suchan
exerciserequiresonlytheteamcommanders’participationandlesspreparationtimeandresources,
anditprovides theadvantageof testinghypotheticalsituationswithoutcausingdisruptionin the
community.Typically,everyyear,airportcrisismanagementtrainsinsuchexercises.Becauseofthe
complexityandcostofcomprehensivereal-lifetraining,themostfrequenttrainingmethodtodate
isanindividualexercise,comprisingseveralsubtasks,thatdoesnotrequirecoordinationwithothers
andwhichatraineerepeatedlypracticestosolidifyemergencyresponseskills.

Training in a Virtual environment
Withthefastdevelopmentofvirtualenvironmenttechnology,especiallyinthegamingindustry,a
numberofopportunitieshavearisentoexploititfortraining.Adigitalgamethatisdesignedwith
the intentof learningandentertaininghasbeen termeda seriousgame(Johnston&Whitehead,
2009;Zyda,2005).Boyleetal.(2016)havedoneasystematicliteraturereviewoftheimpactsand
outcomesofseriousgames.Theirresultsshowthatpositiveimpactofseriousgamesisincreasing.
Thestudyconcludedthatgamesmainlysupportknowledgeacquisition,althoughsomeexamples
couldbeseenwheregamessupportskillacquisitionorcollaborativeinteractions.Itislikelythat
beforegamescansupporttrainingoftheseskills,wewillneedfurtherresearchoninstrumentsthat
supportcommunication.

Traininginavirtualenvironmentcanreducethecoststoone-tenthcomparedtoliveexercises
(Jain&McLean,2005).Atraineeinavirtualenvironmentisallowedtotrainmorefrequentlyduring
atimethatissuitableforhisorherwork,andtraineeswhoaredistributedindistantgeographical
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locationscanstillcooperateinacollaborativetrainingenvironment.Mostimportantly,theuseof
virtualenvironmentsallowsresponderstogainexperiencesfrommanydifferentscenarios.Theycan
beeasilypreparedbasedonatemplateandlaterreusedwithouttheneedtoorganiseresources,such
asinareal-lifeexercise.Inturn,avirtualenvironmentwillsignificantlyshortenthepreparationtime
andexpandemergencypreparedness.Finally,avirtualenvironmenthasthepossibilityofreal-time
observationofmultipletrainees,whichmakestheafter-actionreviewanddebriefingfastandaccurate.

ReSeARCH MeTHoDS

Asmentionedintheintroduction,theresearchstudyhadtwoparts.First,wecollecteddatafrom
thecrisismanagementareaandhowitispracticed.Thenextsubsectiondescribeshowthisdatawas
collected.Second,wederivedknowledgeaboutcommunication inonlinegamesand formulated
statementsfromtheliterature.Thesecondsubsectiondescribestheliteratureanalysisandhowthe
groupsofstatementswerederived.Third,weusedthedatacollectedfromcrisismanagementto
validatethestatementsderivedinobservationofcrisismanagementtrainingtolearnwhetherthey
couldbevaluablefordevelopingaCMTsystem.TheresearchprocessisdescribedinFigure2.

Data Collection
DataonhowcrisesaremanagedwerecollectedfromthreeEuropeanIncidentCommandSystems
(ICS)overaperiodofninemonths.Threeexamplesofcriseswereprovided,asdescribedinTable1.
Fourroundsofdatacollectionwereconductedtolearnaboutcrisisincidents,roles,tasks,procedures,

Figure 2. Study process – data collection and analysis

Table 1. Crisis examples

Incident Description

Aircraftincident Anaircraftaccidentwhenenginefailurecausedacrashlandingatanairport

Bombthreat Adeliberateincidentofabombexplosioninanairportbuilding

Traincrash Atrainandvehiclecollisionatarailwaycrossingduetofaultysignaling
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artefactsandcontextsatthethreesites.Thedatacollectioninstrumentsusedincludedsitevisits,
elicitationworkshops,observationsoftrainingexercisesandend-usersessions.

During initial sitevisits, crisis trainingmanagersofeach ICS introducedacommandanda
coordinationstructureandprovidedanoverviewofprocedures,roles,theirresponsibilities,physical
contextsandcurrent trainingmethods.Thedatawereelicitedduringsitevisits toairports, train
stationsandemergencyresponseagencies.

Thesecondroundofdataelicitationwasheldatallthreesites,comprisinginformaldiscussions
and semi-structured interviews with crisis management personnel across field and all command
levels.Therewere38participantswithrolesrangingfromafirstrespondertoanationalcommander.
Workshopdiscussionslastedapproximatelyanhourandwerefollowedbysemi-structuredinterviews
thatlasteduptothreehours.Theinterviewsrecordingscontainedadescriptionofspecificrolesand
theirresponsibilities,participants’experiencesfromreal-lifeincidentsandtrainingthattookplace.

Two typesof crisismanagement training sessionswereobserved in the third roundof data
elicitationatoneofthesites.Thefirstwasatable-topexercisethatusedasimulatedscenario(i.e.an
aircraftincident),allowingcrisismanagerstotrainforcommunicationandcoordination.Weobserved
twotable-topexercises,eachlastingapproximatelyonehour.

Thesecondtypeoftrainingsessionwasalarge-scale,multi-agency,livetrainingexercisethat
tookplaceinasmallruralairport.Thetrainingsessioninvolvedapproximatelyfiftyparticipants
acrossfourdifferentemergencyresponseagencies(firefighters,ambulance,policeandvolunteers
actingascasualties).Thedatadescribedthephysicalcontextofthecrisismanagement,including
environmentsandartefacts,andthesocialcontext,suchastheinteractionbetweenpeopleindifferent
rolesandtheircoordination.Furtherinformationwassolicitedinsemi-structuredinterviewswith
theexerciseparticipants.Threepersonsprovidedtheirownexperience,whichrepresentedmultiple
roles, rangingfromafirst responder toanon-scenecommander.Thirty-four interviewquestions
wereorganisedintogroupsofcurrentpracticesincrisismanagement,verbalcommunication,and
problemsencounteredduringcommunication.

Informaldiscussionsandsemi-structuredinterviewswereapartofthethirdroundofelicitation
whichwasconductedwiththecrisistrainingmanagersatallthreesitesandtookhalfadayateachsite.

Tobetterunderstandtherolesofagenciesduringcrisismanagement,asetofproceduresand
manualsabouttheincidentcommandsystemswascollected.Thedocumentsprovidedadditional
informationaboutthecommandstructureandoverallagencyrolesandresponsibilities.Table2gives
anoverviewoftheinstrumentsandmaterialsthatwerecollectedateacheventandincidenttype.

Derived Statements from online Game Research
Toreviewresearchresultsoncommunicationinonlinegames,wesearchedACM,IEEEandSpringer
digitallibrarieswiththekeywordsvoiceandcommunicationincombinationwithvideogames,serious
gamesandcollaborativevirtualenvironment.Afterananalysisoftheretrievedpapers,severalsubtopics
ofcommunicationemergedthatwereorganisedintosevengroupsrelevanttocommunicationinvirtual
environments.ThesegroupsareMediarichnessselection,Groupsofpeople,Identitiesofpeople,
Avatarbehaviour,Learning,TrustandtheProblemgroup.Themainideaswereconsolidatedwithin
eachgroupandformulatedintostatementsthatweattemptedtoverifyfromthecrisismanagement
perspective(seenextsection).

We refined the set of statements by selecting only the statements that had the following
characteristics:1)Applicabletocrisismanagementortotraining,2)Reliableandbackedbymultiple
references,and3)Validatedeasilybyempiricaldata.Asimplescoringmethodwasapplied,inwhich
eachoftheabove-mentionedcharacteristicsresultedinthecorrespondingstatementearningonepoint.
Tenstatements,thosewiththehighestscores,wereselectedfromthe19originalstatementsandare
identifiedwithanumberinthelastcolumn,asshowninTable3.Allexceptoneofthesevengroups
wereretained,butthegroupTrustdidnotcontainanystatementsafterthevalidation.
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ReSULTS

Thedatacollectedduringtheelicitationofrequirementstothecrisismanagementtrainingenvironment
wereusedtoverifythestatementsderivedintheprevioussection.Thedatawereanalysedforvalidity
ofthestatementsusingthefollowingcriteria:

• Dothedatasupportorrefutethestatement?
• Dothedatacallformodifyingorcreatinganewstatement?
• Ifthestatementisrefuted,canitbeexplainedbydifferencesinthetwodomains,gamesand

crisismanagementtraining?

Table 2. Material collected from stakeholders for each incident case

Source
Participants

Method Collected 
Data Data Content

Role Agency

Site visits Crisis
managers

Airport
operators

Presentation Presentation Crisisorganisation
structure,procedures.
Introductionto:
roles,resources,
responsibilities,physical
context,currenttraining

Discussion Interview
recordings

Railwayspolice
force

Unstructured
interview Notes

Elicitation 
workshop

First
responders

PoliceforceFire
fighters Discussion Discussion

recordings
Rolesand
responsibilities.Real-life
trainingandexperiences
(partialfocuson
communication)

Commanders
Medicalservice
Searchand
Rescue

Semi-structured
interview

Interview
transcripts

Observation

First
responders

Policeforce

Observations
of:real-life,
exercise,table-
topexercise
andemergency
servicepremises

Videos
Physicalcontext:
environment,resources.
Socialcontext:roles,
interactionand
coordination.Training
prep.
andevaluation

Firefighters
Medicalservice

Commanders

Searchand
Rescue

Photos
Emergency
centre(112
/911)

Airportoperator
CivilProtection

Interviews

First
responders

PoliceforceFire
fighters Structured

interview
Interview
recordings

Rolesand
responsibilities(focuson
communication)Commanders Searchand

Rescue

Evaluation 
session

Crisis
managers

Airport
operators Semi-structured

interview
Interview
transcripts

Verificationofdetails
of:roles,responsibility,
environment,
communication

Railwayspolice
force

Manuals

Airport
operators,
Railwayspolice
force

Emergency
plans

Roles,procedures,
tasks(partialfocuson
communication)
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Table 3. Statement selection based on: Applicability (A), Reliability (R) and Validity (V)

Group / Statements
Score Statement 

No.A R V Sum of Scores

Media Richness Selection

Thesocialrichnessofthecommunicationmediummustbematchedwiththetask
characteristics(urgencyofthetaskorcuesnecessarytoperformthetask),fellow
communicators(numberofcommunicators,theirpreferencesandtheirrequiredpresence)
andaperson’sorganisationorusers’priorexperiencewiththemedium(Sallnäs,2002;
Tan,Tan,&Teo,2012;Wadley,Gibbs,&Benda,2007).

1 1 1 3 1.

Leanermedium(e.g.text)cancauseimpulsiveorreservedbehaviour,butcanbeused
asamediumforinitialcontact(e.g.withunknownparticipants)orforasynchronous
communicationthatallowseasyinformationprocessing(e.g.searchinconversation
history)(Halloran,Rogers,&Fitzpatrick,2003;Wadleyetal.,2007;Wadley,Gibbs,&
Ducheneaut,2009)

1 1 0 2 2.

Currently,therearefourmetaphorsfordesigningvoicechannelsingames:broadcasting,
landline,mobilephone,andproximityvoicechat(Wadleyetal.,2005). 1 0 1 3 3.

Solvingtasks(e.g.makingadecision)throughCMCtakestwiceaslongasF2Fbut
withhalfoftheutterancesandgivesthesameresult.However,inF2F,socio-emotional
functionsaremorefrequent(aswellaswithvoicecomparedtotext),whichhasanegative
impactongroupeffectiveness(Li,2007).

1 0 0 1 -

Voicecomparedtotextcommunicationimprovesperformanceandsocialexperience.
Videodoesnotaddsignificantadvantagestotaskperformancecomparedtoaudio,but
videosupportsinformalcommunicationandrelationbuilding(Sallnäs,2002).

1 0 0 1 -

PreferenceforanonymityisoneofthemainreasonsthatiscitedbySecondLifeusersfor
rejectingvoice(Wadleyetal.,2009). 1 0 0 1 -

Usingverbalcommunication,especiallyrealvoice,canbreakthesenseofimmersionina
game(Bartle,2003). 1 0 0 1 -

Groups of people (players/trainees)

Voicecommunicationthatsimulatesaradiochannelismostusefulforasmallgroupof
players(6-10)whoknoweachotherandareplayingafast-pacedgame,tocoordinate
theirtactics(issuedirections,callforhelp)andachieveagoalwhilemovingarounda
geographicalarea.However,asplayersreported,theuseofmulti-channelscancause
fragmentationofthepartyintosub-teams(Raybourn,2007;Wadleyetal.,2007).Voice
doesnotscalewelltolargegroups(Wadley,Carter,&Gibbs,2015)

1 1 1 3 4.

Proximityvoicechat,whichisavirtualmetaphorforface-to-faceintherealworld,may
benecessarywherealargenumberofplayerswouldclutterasharedradiochannel,
playersareclosetoeachotherinthevirtualenvironment,andthebenefitofcuesthat
indicatewhichdirectionasoundistravellingfromoutweighstheinabilitytospeakwith
distantplayers(Gibbs,Wadley,&Benda,2006).Proximitychatenablesenjoyablegame
playexperiencesanduserinteractions(Carter,Wadley,&Gibbs,2012)

1 0 1 2 5.

Theproximityofotherplayers’avatarsisthemostusefullearningaidfortheless
experiencedgamer,whocouldfollowtheiractionsandspeechtofindouthowthegame
works(Halloranetal.,2003).

1 0 0 1 -

Identity of people (players/trainees)

Playersengagedinavirtualenvironmenthaddifficultyidentifyingwhowasspeaking,
determiningwhocouldhearwhattheysaidandknowingwhetheritwasheardatall.
Playersreportedthatthevoicechannelhadinadequatefacilitiestocontrolwhatwas
heardandwhatwassentandthatitintroduceddelay.Asaresult,itcaninhibitconvivial
computer-mediatedsocialinteraction(Gibbs,Hew,&Wadley,2004;Gibbsetal.,2006;
Wadleyetal.,2009).Voicerevealsidentitybetterthantextwhichmakesitmoresociable
butcaninterfererole-playandpseudonymity(Wadleyetal.,2015).

1 1 1 3 6.

Notknowingwhoistalkinginadistributedplayersettingcanhaveanegativeeffecton
learningandcoordinationinteam-basedwargames(more/longerutterancestofindout
whoispresent,whatistheirlevelofskillsortoaddresstheperson).Ontheotherhand,
knowingapartnerresultsinfairdecisionmaking(Halloran,Fitzpatrick,Rogers,&
Marshall,2004;Halloranetal.,2003;Yamamori,Kato,Kawagoe,&Matsui,2008).

1 1 0 2 7.

continued on following page
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In the followingsubsections,wepresent the resultsof thisanalysisbyanswering theabove
questionsforeachofthetenstatements.Furthermore,weprovideguidelinesfordesignofacrisis
managementtrainingvirtualenvironment.

Media Richness Selection
The first group of statements describes media richness selection and its relation and influence
oncommunicationinavirtualenvironment.Mediarichnessrefers to itscapacity toprocessrich
informationanditsabilitytoprovideimmediatefeedback(Daft&Lengel,1986).

Selection of Media is Based on Tasks, Fellows, Organisation, and Prior Experience

Statement 1:Thesocialrichnessof thecommunicationmediummustbematchedwith the task
characteristics(urgencyofthetaskorcuesnecessarytoperformthetask),fellowcommunicators
(number of communicators, their preferences and their required presence) and a person’s
organisationorusers’priorexperiencewiththemedium(Sallnäs,2002;Tanetal.,2012;Wadley
etal.,2007).

Selectionofachannelasacommunicationmediumthatisbasedontaskcharacteristicshas
beenidentifiedinseveralcases,whereacommanderselectsachannelbasedontheimportance

Group / Statements
Score Statement 

No.A R V Sum of Scores

Avatar behaviour

Wherevisualrepresentationisavailable(e.g.videoconference,collaborativevirtual
environment),verbalactionsshouldbecoupledwithpostural,gesturalandproximity
informationoftheplayerembodiment.Thisinformationcanhelpidentifythespeakerand
canincreasecommunicationduringparticipants’performances(Cassell&Thorisson,
1999;Cheung,Chang,&Scott,2012;Chodosetal.,2010;Halloranetal.,2003).

1 1 0 2 8.

Learning

Communicationinavirtualworldnotonlyprovidesexperienceoftheparticipant’s
ownareabutalsoprovidesexperienceinavarietyofotherareas(Chodosetal.,2010;
Raybourn,2007).

1 1 1 3 9.

Developmentofatraininggameshouldfocusoncommunicationprinciples(rather
thandomain-specificknowledge).Suchdevelopmentensuresthatthetrainingcontent
isgeneralenoughtobeapplicabletoallstudents(whocanswitchroles)andstillbe
meaningful(byseeingroleconflicts)anduseful(Chodosetal.,2010).

0 0 1 1 -

Trust

Trustishigherinasmallergroup(e.g.aguildinWoW)anditdependsonthe
interdependenceofmembers,thepersistenceoftheiridentity,andthestrengthof
reputationsystemswithinthegroup.Voicechatwasnotrelatedtothetrustofothersin
thegame;itwasrelatedtotrustinguildmembers.Self-disclosurewaspositivelyrelated
totrust,butahighernumberofpublicmessagessentdoesnotrevealtrusttoagroup
(Ratan,Chung,Shen,Williams,&Poole,2010).

1 0 0 1 -

Problems

Playersreportedanumberofvoicecommunicationproblems(e.g.speechnotintended
forthelistener,backgroundtalk,naturalorsyntheticnoise,intentionalorunintentional),
whichcausedlowerusability(Gibbsetal.,2004).

1 0 1 2 10.

Whereaspecificdomainexists(i.e.,alimiteddomain),aconversationalentitycanbe
representedbyacomputer(Gustafson,Boye,Fredriksson,Johanneson,&Königsmann,
2005).

1 0 0 1 -

Playersreportedvoicecommunicationproblemswithsynchronicity(e.g.onepartyout-
of-gameforamoment)oridentityandprivacyissuescausingaperformancedecrease
(Sallnäs,2002;Wadleyetal.,2007).

0 1 0 1 -

Table 3. Continued
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of information,messagecontent, intendedcall lengthand toconveyessentialemotionsor to
avoidrecording.

Selectionofmedia richnessbasedon fellowcommunicatorshasbeen confirmedby several
examples includingusing a leanermedium to addressmanypeople, alerting a commanderwith
multiplemessagesintendedforlowerlevelcommandtoensuredelivery,andselectingface-to-face
conversationforsensitiveinformationdeliverytothenextofkin,inadditiontoselectingaphoneto
calltheemergencycentreratherthancontactinganon-scenecommanderbecauseoftheestimated
availability(busyorfree)oftherecipientand,finally,byrespondersselectingapersontotalkto,
basedonhis/herlevelofdomainknowledge.

Theselectionofachannelthatisbasedonorganisationguidelineshasbeenconfirmedbyairport
emergencyplans,policeforceguidelines,emergencymanuals,commandersandfirstresponderswho
arereporting.Thesefindingsindicatethestronginfluenceofpre-definedmethodsofcommunication
overothercharacteristicssuchastaskcharacteristicsorthefellowcommunicators,namedinstatement
one.Theselectionofachannelthatisbasedonpriorexperiencehasbeenconfirmedbycommanders
thatselectamobilephoneoverradiobecauseofhabit.

Furthermore,thedatarevealedthatstatementonecouldbeextendedbythechannelavailability
andthetypeoftraininginstrumentthatdeterminestherichnessoftheselectedmedium.Anexample
ofthelatteriswhentherulesoftheexercise(e.g.atable-topexercise)prohibitapersonfromspeaking
whensomeoneelseistalking.

Ourconclusionwasthatstatementonewasconfirmedbythedata,anditcanbeappliedwhen
designingacrisismanagement trainingenvironment.Table4providesdesignguidelinesderived
fromthisstatement,whichcanbeusedforthetrainingenvironment.Itdescribesmediafromhigh
tolowrichnessandtheiruseincrisismanagement.Additionally,aleanermediumcanbeusedasa
simultaneouschannelwitharichermedium.

Althoughtheselectionofmediarichnessincrisismanagementshouldbeguidedbyorganisational
procedures,theofficialcommunicationstructurecanbebypassedforsensitive,technicalorlonger
calls.Inaddition,thetrainingconditionsmayallowforhighermediarichnessthanreal-life.

A Leaner Medium Can Cause Impulsive or Reserved Behaviour but Can 
be Used for Initial Contact or for Asynchronous Communication

Statement 2:Aleanermedium(e.g.text)cancauseimpulsiveorreservedbehaviour,butcanbe
used as a medium for initial contact (e.g. with unknown participants) or for asynchronous

Table 4. Design guidelines on the selection of media richness

Richness Medium Purpose

High

Facetoface Communicationatacommandcentre

Highlysensitiveinformation

Radio Negotiationofresources

Radioorphone Highlyimportantinformation

Verificationofinformationreceivedthroughleanermedium

Phone Alerthighlevelcommand

Low

Videolink Monitorascene

Radio Monitorachannel

Text Addressanumberofpeople

Deliverlargedatasets



International Journal of Sociotechnology and Knowledge Development
Volume 9 • Issue 1 • January-March 2017

11

communication thatallowseasy informationprocessing(e.g.search inconversationhistory)
(Halloranetal.,2003;Wadleyetal.,2007;Wadleyetal.,2009).

Theuseofaleanermediumforasynchronouscommunicationhasbeenconfirmedbycommanders
andfirst respondersusingpersonalandcommandcentre logs,settinguparesponderstatusona
radio device and by high-level commanders who use asynchronous communication for regular
updatesbetweencommandcentreswithemailsorweb-basedlogs.Theuseofaleanermediumfor
asynchronouscommunicationandinitialcontacthasbeenconfirmedbyobservingparticipantswho
sendtextorapre-recordedvoicemessageduringanalertprocedure.

Theuseofaleanermediumforinformationprocessinghasbeenconfirmedinmanualsandby
commanders’statements.Themanualsstatethatcommandcentrecommunicationmustberecorded
andlogscanbeprocessedatanytime.Commandersandfirstrespondersreportthatcommunication
isrecordedforlaterinformationreuse.Thecommandersmovefromvoicetotextforcommunication
betweencommandcentresbecausetextenablesrecordingandinformationprocessingatasuitable
timeandrequireslessattention.Moreover,thecommandersstatedthattheytakenotesinpersonal
logsthatarelaterusedforbriefingothersoransweringquestionsaboutanincident,andtheyissue
regularupdatesinthecommandcentresthatareusedforpressreleases.

Theaboveanalysishasrequiredmodificationofthestatementinseveralways.First,thestatement
shouldbeamendedtoincludetheuseofleanermediumandasynchronouscommunicationasaback-up
channelforvoice.Second,thestatementshouldberevisedtoincludetheuseofverbalcommunication
insteadoftextunderstressfulconditions.Wehavenotobservedanyevidenceofimpulsiveorreserved
behaviourwhenusingleanermediaand,therefore,apartofthestatementisrefuted.

To summarise, the statement has been confirmed partially. The difference between crisis
managementandgamesliesinthecharacteristicsofcrisismanagementthatmeansthat,incrisis
management, participants cannot allow themselves to show impulsive or reserved behaviour.
Furthermore,thereliabilityneededincrisismanagementrequiresback-upchannels,andstressful
situationswillaffectwhichmediumisselected.Table5describesthedesignguidelinesforleaner
mediause.

Four Metaphors for Voice Channels

Statement 3:Currently,therearefourmetaphorsfordesigningvoicechannelsingames:broadcasting,
landline,mobilephone,andproximityvoicechat(Wadleyetal.,2005).

Theuseofabroadcastingchannel(i.e.push-to-talkradio)wasconfirmedbythecommanders
andfirstresponders,whoreportedfrequentuseofdifferentformsofradio(e.g.apersonaldevice,
carradioorpublicaddresssystems)forcommunicationwithdistantmembersincrisismanagement
orduring training.Moreover, thiswasconfirmedby lower-levelcommanderson thescene,who
reportedtheuseoftworadiochannelssimultaneouslytofilterinformationfromalowerlevelbefore
sendingittoahigherlevelcommand.

Table 5. Design guidelines for leaner media

Medium Richness Purpose

Leanermedia

Loggingofactionsanddecisions
Transcriptionofradiocommunication
Accesstooperationlogforacommander
Back-upchannelforvoicecommunication
Communicationbetweencommandcentres
Settinguparesponderstatus
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Face-to-facecommunicationthatcanberepresentedbyaproximitychatinthevirtualenvironment
hasbeenconfirmedbycommandersandresponders’reportsaboutexchanginginformationface-to-
faceinthecommandcentreandonthesceneandfurtherbyobservationsoffirstrespondersand
lower-levelcommandersonthesceneduringareal-lifeexercise.

Theuseofmobilephonesorlandlineshasbeenconfirmedbyexperiencedcommanders,who
acknowledgedmobilephoneuseforinter-agencycoordinationandbycommandersandfirstresponders,
whosaidtheyusedtheminthecaseofaradiosystemfailure,andfurtherbyteamsofcommanders
andresponders,whosaidtheywerenotequippedwithradioandwhousedmobilesorlandlinesas
analternativemeansofcommunicationortodeliversensitivemessages.Finally,manualsindicated
theiruseincertainphasesoftheresponse,e.g.duringanalert,butsomereportthatlandlinephones
havebeenreplacedbyradiotocallnationalemergencyservices.

Theuseofradiobroadcasting,mobilephonesandlandlineshasbeenconfirmedbyprocedures
presentedbycrisismanagers(e.g.analertprocedure)andbyobservationsofairtrafficcontrollers
andemergencyservicecentreoperatorswhoshowedregularuseofradioandphone.

Thestatementshouldbemodifiedtoincludeasimultaneoususeoftwochannels,e.g.tworadios,
anditshouldbemodifiedtoincludechannelre-configurationsuchasachangefrombroadcasting
tomobilephone.

The conclusion from this analysis is that crisis management communication can take full
advantageofcurrentmetaphorsofvoicechannelsinteam-basedgames.Thebroadcastingchannel
couldcarryPush-to-talkradioandPublicAddresscommunication,theproximitychatcouldemulate
face-to-faceconversations,andthemobileandlandlinephonechannelscouldbeusedasanalternative
formforinformationexchange.ThedesignguidelinefromstatementthreearedescribedinTable6.
Dependingonthecontext,simultaneoususeofmultiplechannelsoranalternativemedium(mobile
phoneasabackupofradio)shouldbeoffered.

Groups of People
Thecategorygroupsofpeopledefinethecorrelationbetweenthecommunicationchannelselection
andtheorganisationoftheparticipantswithinagroup.

Radio for Small Groups

Statement 4:Voicecommunicationthatsimulatesaradiochannelismostusefulforasmallgroup
ofplayers(6-10)whoknoweachotherandareplayingafast-pacedgame,tocoordinatetheir
tactics(issuedirections,callforhelp)andachieveagoalwhilemovingaroundageographical
area.However,asplayersreported,theuseofmulti-channelscancausefragmentationofthe
partyintosub-teams(Raybourn,2007;Wadleyetal.,2007).Proximitychatenablesenjoyable
gameplayexperiencesanduserinteractions(Carteretal.,2012).

Table 6. Design guidelines for metaphors

Design Metaphor Represented By Extensions

Broadcasting Push-to-talkpersonalorcarradio(portable)
Publicaddresssystem(fixedlocation)

Push-to-talkradioshouldbereconfigurable
andallowedtochangebetweenchannels

Mobile Personalportableembodiment
Call,textorpre-recordedvoicemessage Backuptobroadcasting

Landline Fixedlocationembodiment

Facetoface Proximitychat Backuptobroadcasting
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Thesharingofasimulatedradiochannelbyasmallgroupthatwasparticipatinginfast-paced
activitiesandcoordinatingtacticswasconfirmedbytheobservationoffiveparticipantsinatable-
topexercise.Thesharingofasimulatedradiochannelbyasmallgrouptocoordinatetacticswhile
movingaroundanareawasconfirmedbytrainingmanagersandcommanders.Thetrainingmanagers’
presentationsofferedtheuseofradioinafullyconnectednetwork(everyonetalkstoeveryone)anda
treetopology(e.g.one-to-many).Thecommandersonthesceneandintheregionalcommandcentre
reportedbeinginchargeofagroupoffivetotenpeopleduringareal-lifecrisisortraining,which
wasalsoconfirmedbyobservationduringalarge-scaleexercise.

Thefragmentationofapartyintosub-teamsbytheuseofmulti-channelshasbeenrejectedby
manuals,whichstatethatmembersofaparticulargroup(e.g.MedicalorPolice)mustuseasingle
channelandbythefactthatonlyon-scenecommanderswereobservedtousetworadiossimultaneously
inalarge-scaleexercise.Bydoingso,theyconnecttwogroupsofdifferentcommandlevels.

Thesestatementsshouldbeextendedtoincludethepossibilityofaparticipant’sneedtostep-out
ofthecommunicationtemporarily.Communicationduringcrisismanagementcanbestressful,and
acommandermayneedtostep-outforthepurposeofprocessinginformationormakingadecision.
Communicationcanalsoexceedthecapabilityofasinglepersonwhenmonitoringmultiplechannels.
Inthosecases,arepresentativepersonisappointedtomonitorthecommunicationandtoensurethat
noinformationwasmissedbyregularlyreportingtothecommander.Whetherornotknowingeach
otherhasanimpactonthecommunication,isanalysedinstatementseven.

Theconclusionfromtheanalysisofstatementfouristhattheuseofradioincrisismanagement
highly resembles voice communication, simulating a radio channel in games. Radio is used for
coordination of tactics among a small group of responders, who move around an area during a
fast-pacedaction.Themaindifferenceobservedbetweengamesandcrisismanagementwasthat
theinherentorganisedstructureofcrisismanagementmitigatedthethreatofgroupfragmentation.
However,incaseswhereachannelbecomesoverloadedwithinformation,anauxiliaryisappointed
tolistentothechannel.Duetostressfulsituationsincrisismanagement,ithasprovennecessary
forcommanderstostepbackandtakeabreakfromcommunication.Thus,crisismanagementhas
built-inmeasurestoaddressinformationoverload,whereasgamesdonot.Thedesignguidelinefrom
statementfouraredescribedinTable7.

Proximity Chat

Statement 5:Proximityvoicechat,whichisavirtualmetaphorforface-to-faceintherealworld,
maybenecessarywherealargenumberofplayerswouldclutterasharedradiochannel,players
areclosetoeachotherinthevirtualenvironment,andthebenefitofcuesthatindicatewhich
directionasoundistravellingfromoutweighstheinabilitytospeakwithdistantplayers(Gibbs
etal.,2006).

Theuseofface-to-facecommunicationbypeoplewhoarecloseinthe(real)environmentand
whobenefitfromcuesofsounddirectionhasbeenconfirmedbyobservationsoftrainingandduring

Table 7. Design guidelines for small groups

Metaphor Purpose Configurability

Radio Communicationinasmallgroup Fullyconnectedmemberoratreetopology

(5-10people) Oneormoreinstances

Turnofforassigntoanotherperson

Radioandface-to-face Informationrelaybyasingleperson
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interviews.Theobservationshowedthatsmallteamsoffirstresponderscommunicatedface-to-face
frequentlyduringthelarge-scaleexercise.Duringtheinterviews,commandersreportedfrequentuse
offace-to-faceincommandcentres.Whenwithinaclosedistanceofeachotheronthescene,they
preferredface-to-facecommunicationovertheuseofradio.

Thepreventionofchannelclutteringwasrefutedbycommanders,whostatedthatthesizeofa
face-to-facegroupinacommandcentreissimilartothesizeofagroupthatsharesaradiochannel
(5-10people),andthenbycommandersinacontrolroomwhosaidtheydecideonaradiochannel
configurationthatpreventscongestion.

Inaddition to theaboveconfirmationand refusalof thestatement, thedata indicated that
modification is needed. It has to be tailored to regular meetings between commanders and
adoptedtoenvironmentalandtechnologicalconstraints.Hence,asreportedbycommandersfrom
differentresponseagencies,thestatementshouldbemodifiedtoincludetheuseofface-to-face
communicationforregularmeetingsbetweencommandersonthescene.Furthermore,thestatement
shouldbemodifiedtoincludetheuseofface-to-facecommunicationbecauseofenvironmental
constraints.Forexample,theuseofradiobecomesdifficultinanoisyenvironment(machinenoise
orwind),wherethecommandersreporttomeeteachotherandtalkface-to-faceinstead.Finally,the
statementshouldbemodifiedtoincludespeakingface-to-faceasabackupfortechnologyfailure
orunavailability.Forexample,whenradiofails,thecommandersmeetface-to-facetoexchange
informationandcoordinateresponse.

Statementfivewasconfirmed,butwiththeexceptionoftheclutteringofasharedradiochannel,
whichisavoidedincrisismanagementbycertaincommunicationconfigurations.Also,insteadof
filteringoutthenumberofpeopleonthechannel,incrisismanagement,face-to-facecommunication
isusedwhentalkingtopeoplewithinreach.Thebenefitsofface-to-facecommunicationareenjoyed
byfirstrespondersandcommanders,andface-to-facecommunicationispreferredoverradio.Again,
inthisstatement,weseethedifferencesinthetwoareasemergingintheinherentstructuresofcrisis
management.Furthermore,therequiredreliabilityofcrisismanagementandthedifficultworking
surroundings,whichareaffectedbysyntheticornaturalnoiseduetoextremeweather,distinguishes
crisismanagementfromgames.Thedesignguidelinesimpliedfromstatementfivearedescribedin
Table8.

Identity of People
The identity of people group focuses on identity management and addressing people during
communicationinavirtualenvironment.

Addressing People and Channel Control

Statement 6:Playersengagedinavirtualenvironmenthaddifficultyidentifyingwhowasspeaking,
determiningwhocouldhearwhattheysaidandknowingwhetheritwasheardatall.Players
reportedthatthevoicechannelhadinadequatefacilitiestocontrolwhatwasheardandwhatwas
sentandthatitintroduceddelay.Asaresult,itcaninhibitaconvivialcomputer-mediatedsocial

Table 8. Design guidelines for proximity chat

Metaphor Purpose Trigger of Proximity Chat

Face-to-face
Smallgroupof5-10people
whoworkonthesametask
andareclose

Charactersgetcloseinvirtualenvironment
Regulartimeintervals
Noisecanmakeradiocommunicationdifficultandhenceaface-to-
facemeetingisrequired.
Asabackupwhenthereistechnologyfailure,e.g.radiofails.
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interaction(Gibbsetal.,2004;Gibbsetal.,2006;Wadleyetal.,2009).Voicerevealsidentity
better than textwhichmakes itmore sociablebut can interfere role-playandpseudonymity
(Wadleyetal.,2015).

Theproblemofidentifyingwhowasspeakinghasbeenrefutedincrisismanagementbythree
indicators.Thecommandersandtrainingmanagersandcrisismanagementproceduresreportedthe
useofcallsigns.Thencommandersstatedthattheyknoweachotherandthose(atacertainlevel)
whokneweachotherwere able to recognise eachother’s voices.Finally, theuseof one-to-one
communicationssuchaslandlines,mobilephones,radiobetweentwopersons/commandcentresand
radiodisplayhelpwiththeidentificationofaspeaker.

However,theproblemofidentifyingwhowasspeakinghasbeenrecognisedwhentheparticipants
occasionallyforgottousecallsigns.Oneofthecauseswasalackoftraining.Anotheronewasthat
participantsstartedtointroducethemselvestooearly,andthefirsttwosecondsoftheradiospeech
arenottransmitted.

Theuncertaintythatamessagehasbeenreceivedwasrefutedbythefollowingstatements.First,
responseagenciesconfirmedreceptionofanalertmessageand,whenunsure,theycalledback.Then,
personnelatthecommandlevelregularlyconfirmedthemessagereceptionandthepersonnelcalled
byacallsignrepliedusingthecallsignoftheorigin.Finally,duringtherealexerciseacommander
onthescenecouldperformavisualchecktoseewhetherataskhadbeenperformedasrequestedand
duringatable-topexercisevisualcues(e.g.nodding)weresentoutinsimulatedradiocommunication.
Uncertaintyaboutmessagedeliverywassupportedbyfirstrespondersonthescene,whodidnot
confirmthereceptionofamessage.

Theproblemofidentifyingamessagerecipienthasbeenrefutedbyspeakingtoaspecificperson
usingacallsignoraddressingallofthereceiverswhouseormonitorthechannel.Theproblemof
controllingthecommunicationchannelhasbeenrefutedbytheuseofappropriatedevices(discussed
instatementthree),theuseofpush-to-talkradio,wherespeakingoccursonlywhenabuttonispressed
andspeakingonaselectedchannelonly.Finally,theproblemisrefutedbycommanders,whohave
statedthatproblemswithchannelcontroldependonaperson’sindividualskills,hisorherageand
previousskills.

Certainly, as described by statement six, there is a difference between games and crisis
managementwithrespecttovoicecommunication.Althoughtherewassomecontradictoryevidence,
weconcludedthatproblemswiththeidentificationofwhoisspeakingoraddressed,whetherthe
messageisdeliveredorhowtocontrolthechannel,havebeenmostlyrefuted.Additionally,thefindings
oncommunicationsincrisismanagementdidnotrevealanyinhibitedinteractionsoranyindication
ofdelaycausedbyinadequatecontrol.Thus,wecanconcludethatthisstatementdoesnotapply
tocrisismanagement.Again,thereasonisthedifferenceintheinherentcommunicationprotocol
ofcrisismanagement.Fromtheanalysisofthisstatement,wesuggestfurtherdesignguidelinesas
presentedinTable9.

Table 9. Design guidelines for addressing people and controlling channel

Metaphor Type of Control

One-to-one(mobile,landline,face-to-face) Selectrecipient
Indicatesourceofcommunication

Broadcasting

Useofcallsigns
Push-to-talkfunctionality
Shouldallowrecipienttocontactthesource
Voicerecognitionnotconsideredrelevant

Allvoicemetaphors Avatarsshouldbeanonymizedforvoice
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A Player’s Identity Affects Learning and Coordination

Statement 7:Notknowingwhoistalkinginadistributedplayersettingcanhaveanegativeeffecton
learningandcoordinationinteam-basedwargames(more/longerutterancestofindoutwhois
present,whatistheirlevelofskillsortoaddresstheperson).Ontheotherhand,knowingapartner
resultsinfairdecisionmaking(Halloran,2009;Halloranetal.,2004;Yamamorietal.,2008).

Wecouldnotvalidatetheeffectofunknownidentityonlearningandcoordinationbecause,as
statedinstatementsix,firstrespondersandcommandersknowwhomtheyaretalkingto.However,
wecansaythat,inasingleinterview,acrisiscommanderconfirmedgoodcoordinationbetween
responseagenciesinwhichcommandersknoweachother.Thisisinaccordancewith(Wadleyet
al.,2015)whostatesthatidentifyingsomeonebyvoicemakesthecommunicationmoresocial.An
implicationfordesignfromthisstatementisthat,fortrainingpurposes,avatarsshouldbeanonymised
(seeTable7).Alloftheplayerswillthenhavetheopportunitytofollowthetrainingproceduresand
practicerole-playwithoutsomeonehavingtheadvantageofknowingothers.

Avatar Behaviour
Becauseplayersinavirtualenvironmentarerepresentedbyavatars,thegroupavatarbehaviourqueries
thevisualappearanceof thevirtualcharacterandtheembodimentofnon-verbalcommunication
functions.

Coupling of Players’ Verbal and Visual Actions

Statement 8:Wherevisualrepresentationisavailable(e.g.videoconference,collaborativevirtual
environment),verbalactionsshouldbecoupledwithpostural,gesturalandproximityinformation
of the player embodiment. This information can help identify the speaker and can increase
communicationduringparticipants’performances(Cassell&Thorisson,1999;Chodosetal.,
2010;Halloranetal.,2003)

Thecouplingofverbalandvisualrepresentationhasbeenconfirmedbyseveralcaseswhere
commanders’actionswerevisiblycoupledwithverbaldescriptionduringatable-topexerciseand
byacommanderpointingtoalocationonthescenewhiletaskingfirstrespondersduringareal-life
exercise.Becauseweconcludethatstatementeighthasbeenvalidatedincrisismanagement,wecan
recommendthatproximitychatinavirtualenvironmentshouldallowgestures.

Learning
The learning group focuses on the training aspects that communication provides in a virtual
environment.

Experience Sharing

Statement 9:Communicationinavirtualworldnotonlyprovidesexperienceoftheparticipant’sown
areabutalsoprovidesexperienceinavarietyofotherareas(Chodosetal.,2010;Raybourn,2007).

Provisionofexperiencefromotherroleshasbeenconfirmedbyobservationsofreal-lifeexercises
andbyinterviewsoncrisismanagementtraining.

They indicated that the coordinators learn about the other teams’ tasks while monitoring a
sharedcommunicationchannel,PolicelearnaboutFirefighters’needswhilemakingasecurearea
forthem,Policeteamslearnabouteachother’smethodswhilenegotiatingsecurityresponsibilities,
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andPolicelearnaboutthemedicaldomainwhileorganisingcasualtytransportwithamedicalteam.
Thentheresponders,whochangerolesduringincidentresponse,alsolearnskillsinthenewfield
(e.g.firefightersasmedics).

Although, as one commander said, a person learns through the scenario itself, he or she
mainlylearnsfromthediscussionsthattakeplaceinthetrainingroomandintheplenarymeetings.
Furthermore,commandersprefertogettoknoweachotherwellandtolearntheirrolesinalarge-scale
exerciseandonecommanderpointedoutthattrainingcanfightoffrivalrybetweencoordinatingteams.

Thus,anumberofexampleshavevalidatedthisstatement.Weconcludedthatexperiencesharing
isimportantincrisismanagementandthatthereareampleopportunitiesforlearningfromeachother,
aboutprocedures,situationsandroles.Thereasonthatexperiencesharingisparticularlyimportantis
that,especiallyinsmallerlocations,humanresourcesarescarce,makingitimportantforapersonto
performthetasksrequiredindifferentroles.Forexample,afirefighterwhoparticipatesinarescue
byfightingfiremaylaterbetriagingpatientsordrivinganambulance.Wedidnotseetheneedto
proposeadesignguidelinefromthisstatement.Communication,aswehavedescribedituntilnow,
facilitatesexperiencesharing.

Problems
Thefinalgroup,theproblemgroup,containsstatementsthatpointtotechnicalorcontextualproblems.

Problems of Voice Communication

Statement 10:Playersreportedanumberofvoicecommunicationproblems(e.g.speechnotintended
forthelistener,backgroundtalk,naturalorsyntheticnoise,intentionalorunintentional)which
causedlowerusability(Gibbsetal.,2004).

Thecommunicationhindrances suchasenvironmentalnoiseorunrelatedconversationwere
confirmedbyalloftheparticipantsincludingtrainingmanagersonthesceneorinacommandcentre
duringalarge-scaleexercise,andconfirmedaswellbycommanderswhohadreportedexperiencing
problemswithenvironmentalnoise,whichislouderonthesceneandlowerinthecommandcentre.
Onecommanderreportedspecialcommunicationtraining,teachinghowtodeliveraclearmessage.

Because several additional types of problems were observed in crisis management, a few
amendmentstostatementtenwererequired.Someoftheissueshavebeenmentionedinprevious
sectionsbutappearhereagain.Examplesaretechnicalconstraintsandthecontextofthecrisis.Other
examplesarenewbutdrawtheircharacteristicsfromthenatureofthecrisismanagement,e.g.the
needforconciseexpressionandtheneedforhighreliability.Yetothersresultfromtheheterogeneous
backgroundof the largenumberofparticipantsandrequireaccessibilityof the technologytoall
regardlessoftheirbackgroundandabilities.First,thestatementshouldbemodifiedtoincludethe
problemsthatarerelatedtotheuseofthechannel,suchasunansweredcalls,unsatisfiedrequestsfor
informationorselectionofanincorrectcommunicationchannel.Second,thestatementshouldbe
extendedtoincludetheuseofmultiplechannelssimultaneously(e.g.usingtworadios).Third,the
statementmaybemodifiedtoincludechannelliabilityduetotechnicalorcontextualproblems(e.g.
ahandheldradioonthesceneissubjecttoenvironmentalnoises,orcertaintechnologymaybeliable
tobreakdown).Fourth,thestatementmaybemodifiedtoincludecommunicationsproblemsthatare
relatedtoapersonsuchasindividualcommunicationskills,previousexperiencewithcomputers,
inadequatecommunicationskillsoftheparticipantsortheirrespectforthecommunicationsplan.
Fifth,thestatementshouldbemodifiedtoincludeproblemswithrespecttothedeliveryofirrelevant
information.Sixth,thestatementmaybechangedtoincludecommunicationsproblemsresultingfrom
competition,suchasfightingoverthesceneprimacy.

Weconcludedthatthisstatementhasbeenvalidatedwiththedataanalysed,albeitwithseveral
additions.Alloftheparticipantsinourstudyconfirmedthatenvironmentalnoisewasamajorproblem
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incommunication.Otherproblems,suchasbackgroundtalkorspeechthatisnotintendedforthe
listener,werealsoconfirmed.Someoftheseproblemsresultedfromanincorrectcommunication
setup.However,nomusicorintentionaldisturbancesofthechannelhavebeenreported.Finally,as
elicitedabove,severaladditionalcommunicationproblemshavebeenobservedorreportedduring
interviews.ThedesignguidelinesderivedfromstatementtenaredescribedinTable10.

Summary of Results
Thesummaryof results isprovided inTable11. Itorganises the statementsbygroup.Foreach
statement,thereisabriefsummaryandaconclusiononitssupportorrefusalincrisismanagement.
If applicable, each statement has additions that were deemed necessary while transferring the
statementfromonlinegamestocrisismanagementtraininginavirtualenvironment.Twooutof
thetenstatementswererefutedincrisismanagement,fivewereconfirmedandthreewerepartly
confirmed.Insixoftheeightsentencesthatwereconfirmedorpartlyconfirmed,additionshadto
bemadeforcrisismanagement.

CoNCLUSIoN

outcome of the Research Study
Attheonsetofthisresearchstudy,weaimedtoanswerthequestionofwhetherandtowhatextent
crisismanagementtraininginavirtualenvironmentcouldtakeadvantageofvoicecommunication
inonlinemultiplayergames.Giventheresultssummarisedintheprevioussectionweconcludethat
virtualenvironmentsforcrisismanagementtrainingcantakeadvantageofcommunicationinonline
multiplayergames.Fromapracticalstandpoint,wehavesuggesteddesignguidelinestobeusedin
thedesignofavirtualenvironmentforcrisismanagementtraining.Theoreticalimplicationswillbe
discussedlaterinthissection.

Whileamajorityofthestatements,whichwerederivedfromon-linegames,couldbeconfirmed
and thus adopted in crisis management training, others had no match in the crisis management
domain.Theseresultsaccordedwithourexpectationsattheonsetofthevalidationpartofthestudy.
However,whatwecouldnothavepredictedwaswhichstatementsfromthebroaderonlinegamesare
transferrabletocrisismanagementtraining.Forexample,statementone,whichlinksmediarichness
selectionwithcommunicationcharacteristics,hasbeenfullyconfirmed,whilestatementsix,which
discussestheidentityproblemsofplayers,hasbeenrefuted.Especiallynoticeableistheneedfor
addressingenvironmentalandsituatednoiseincrisismanagement.Accordingtoparticipantsinthe
study,thisisaparamountfeatureofavirtualenvironmentbecauseitcanhaveagreatimpacton
workperformance.

Thecharacteristicsofcrisismanagementareespeciallyinfluentialandapparentintheresults.
Whatismostobviousisthatsuchanoperationfollowsorganisationalguides(e.g.statementone,
selectionofthemediumaccordingtotheguidelines),isformal(e.g.statementtwo,noimpulsiveor
reservedbehaviour,andstatementsix,identifyingwhoisspeaking),ischaracterisedbyacomplexityin

Table 10. Design guidelines for problems in communication

Metaphor Extension Solution to a Problem

Alternativetotheprimarymetaphor
Reachapersonwhodoesnotreplyorisnotreachable.
Trainingtoavoidbadhabits(e.g.talkface-to-faceinsteadofkeepingall
informedbyradio,useofmobilephonewhennotrecommended)

Noise
Realistictrainingconditionsrepresentedbyenvironmentandtechnology-
inducednoises.Thenoiseshoulddependonatrainee’saction(e.g.distance
fromthenoise-emittingobject).
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thetopologyofthecommunication(e.g.statementthree,usingtwoormorechannelssimultaneously),
producesreliabledataandthedecisionmakingishighlycritical(e.g.statementfourontheloggingof
informationorpausingtoenabledecisionmaking).Theoperationshowsimpactofanoisyenvironment
ontaskperformance(statementsfiveandten),hasidentificationofspeakerorrecipientbycallsigns
orbychannelselection(statementsix)andallowsmemberstoshareeachother’sexperiencesby
communicationorcoordination(statementnine).Whilethesecharacteristicsarenotentirelyunique
forcrisismanagement,weexpectthattheyarenotgenericforalldomains.

Otherstatements,whichhavebeenconfirmedincrisismanagementtraining,arelikelytobe
usableinothersimilardomains,e.g.traininginthemilitarydomainorindividualresponseagencies.

Table 11. Summary of statements, their validation and extensions for crisis management

Statement
Statement of Online Games

Confirmed in 
Crisis 

Management

Additions for Crisis 
ManagementGroup No.

Media
richness
selection

1
Selectionofmediabasedontasks,
fellows,organisationandprior
experience

Yes Mediumavailabilityandtypeof
traininginstrumentused

2

Leanermedia(e.g.text)cancause
impulsiveorreservedbehaviourbut
canbeusedforinitialcontactorfor
asynchronouscommunication

Partially,butnot
forimpulsiveor
reservedbehaviour

Mediawithhigherrichness
shouldbeusedunderstressful
conditions,andtoachievehigher
reliabilitylowermediumshould
beusedasabackupchannel.

3
Fourmetaphorsforvoicechannels:
broadcasting,landline,mobilephone
andproximitychat

Yes
Multiple,simultaneouschannels
andreconfigurablechannelsor
mediadependingoncontext.

Groupsof
people 4

Radiochannelismostusefulfora
smallgroupofplayerswhoknow
eachotherbutmulti-channelscan
causefragmentation

Partially,but
fragmentationis
prevented

Possibilitiestostepoutofthe
conversationandtomonitor
multiplechannelssimultaneously.

5

Proximitychatisusefulwhere
alargenumberofplayerswould
clutterasharedradiochanneland
playersareclosetoeachotherinthe
virtualenvironment.

Partially,but
clutteringisnot
identified

Face-to-faceisusedforregular
meetingsandwhenthereare
environmentalortechnology
constraints.

Identityof
people 6

Playershaddifficultyidentifying
whowasspeaking.Difficultto
controlwhatwasheardandwhat
wassent.

No

7 Aplayer’sidentitycannegatively
affectlearningandcoordination No

Avatar
behaviour 8

Wherevisualrepresentationis
available,verbalactionsshouldbe
coupledwithpostural,gesturaland
proximityinformationoftheplayer
embodiment.

Yes

Learning 9 Experiencesharing Yes

Problems 10

Problemsofvoicecommunication,
e.g.backgroundtalk,naturalor
syntheticnoise,intentionalor
unintentional

Yes

Unnecessaryinformation
delivery,problemsresultingfrom
competitionsuchasfighting
overthesceneprimacyandskill
dependence.
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Afewexamplesaretheselectionofmediabasedonfellows,tasksandorganisation;theasynchrony
ofinformation;metaphors,gesturesandposturesincreasingthemeaningofthecommunication,and
theproximityoftheconversationbeingdependentonthesizeofthegroup.

Thedesignguidelinesthatwereidentifiedforeachstatementcanbeusefulforcrisismanagement
trainingenvironmentsand,dependingontheirgenerality,forothervirtualenvironments.Someofthe
designguidelinesareespeciallyusefulfortrainingbecausetheycanbevariablefromonetraininglevel
tothenext.Forexample,atraineecantrainfirstwithoutenvironmentalnoiseandthen,asdifficulty
levelsincrease,withit.Thus,heorshewouldreceive,gradually,anincreasinglymoredifficulttraining
environment.ThisscenarioisinaccordancewiththeVariableUncertaintyFrameworkwhichhasbeen
proposedfordesigningscenariosfortrainingenvironmentsandincludesthreevariabledimensions,
thenumberofevents,therandomnessofevents,andthesituationalcomplexityaroundevents(Field,
Rankin,Pal,Eriksson,&Wong,2011).

Despite thepositive resultsof this researchstudy, it leavesopenseveralavenues for further
study.First,amorein-depthresearchanalysisofacommunicationprotocolcouldprovidefurther
informationonimpulsiveorreservedbehaviour(secondstatement)oradelayofthemessagedelivered
(statementsix).Second,futureresearchshouldincludeanevaluationofthedesignguidelines.The
evaluationoftheirvalidityforavirtualenvironmentforlearningisnecessaryinanyprototypeof
atrainingsystem.Previousreviewofvalidationofsimulatorshasillustratedthattheareahasfew
accepteddefinitionsandmeasurementmethods,makingitachallengingarea(Schout,Hendrikx,
Scheele,Bemelmans,&Scherpbier,2010).Schoutetal.(2010)haveproposedthataprerequisitefor
validatingasimulatorresearchersshouldconductatrainingneedsanalysistoevaluatetheexisting
requirementsfortrainingandtolookatprogramrequirementsinatrainingprogramdesign.Third,it
couldbeworthwhiletoevaluate,inpractice,howthevariablefactorscharacterisedinthestatements
canbeusedfordesigningtrainingscenarios.Fourth,thefindingsoncommunicationwerecollected
fromtherelateddomainsofonlinemultiplayergamesandcollaborativevirtualenvironments.These
findingsprovideinformationabouttextualandvoicecommunication.Thisworkshouldbeextended
toincludeotherformsofcommunicationinthevirtualenvironment(e.g.videoconferencing)and
theirapplicabilityforcrisismanagementtraining.

Relation to Theories
Thissectiondescribesseveraltheoriesthatcanberelatedtotheresultsandthatcanaffordgrounds
forfurtherresearch.Theresultsdescribevoicecommunicationinthecrisismanagementdomainas
asafety-criticalprocessthatmustprovidereliableinformationdeliverytoanappropriatedestination.
Problemsof communications have been identified and they canhave implications for collective
decision-makingandcoordinationofaction.Categorically,theproblemswere,first,technological,
such as communications failure and simultaneous use of multiple devices; second, sociological,
includingthelackofacommonvocabulary,thehabitualuseofchannels,theoverwhelmingnature
ofthetasksandthestressfulenvironment;andthird,organisational,becauseofdifferenthierarchical
structuresincommunication.InadditiontothesethreecategoriesidentifiedbyManojandBaker
(2007)andconfirmedbythisstudy,theresultssuggestthatthephysicalenvironmentorthecontext
isaprominentcharacteristicthathasaneffectoncommunication.

AnothertheoryoramodeltowhichthisresearchcanrelateisBerlo’s(1960)communication
model,whichdescribes thenatureof thereceiver, thesender, themessageand thechannel.The
communicationbetweenthesourceandreceiverismediatedbymessagessentoverachannel.A
sourceisapersonwiththeintentionoftransmittingamessagethatrepresentshis/herthoughts.It
isinfluencedbycommunicationskills(e.g.abilitytospeak,write),attitudetowardstheaudience,
subjectofcommunicationandoneself,knowledgeofthesubjectandthesocialsystemandculture
(e.g.beliefs,religion).Themessagecomponentrepresentstheinformationasexpressedbythesource,
whichconsistsof the content, elements, treatment, structure andcode.Thecontent is the entire
informationofamessageassembledfromelementssuchaswordsorgestures,intoastructure(e.g.
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asentence).Theselectedtreatmentcanincludeformalornaturalcommunication.Codereferstothe
languagethatisusedorotherrulesandconventionsgoverningverbalandgesturalcommunication.
Thechannelisthemediumbywhichthemessageisencodedanddecoded,asrepresentedbyfive
senses.Areceiverisapersonatthedestinationofthecommunicationchaintryingtounderstandthe
messageusingtheirowncommunicationskills,knowledgeandsocialsystem.Statementsone,two,
four,sixandsevenrelatetothesocialsystemsofthesourceorthereceiver.Statementeightrelatesto
themessage,specificallythechannel(e.g.visualorverbal)andcode(e.g.gestures).Finally,statement
ninerelatestoknowledgeofthesubject.

Whereascommunicationcanbeviewedas themediumof content, it isnot concernedwith
thebehaviourofthetrainee.Itisworthconsideringhowthecommunicationrelatestoatheoryof
engagement,whichdescribeshowwellaplayer (a trainee) ispulled into thegame.Engagement
hasbeencharacterisedbyBenyon(2010,p.95)asincludingidentityasasenseofauthenticityfor
theexpressionofself,adaptionrelatingtochangeandpersonalisationalongwithchanginglevels
ofdifficulty,andthenarrativeconcernsoftellingagoodstory,immersioninthesenseoffeeling
whollyinvolved,andflow,definedasthegradualflowofonestatetothenext.Basedon12in-depth
interviewsandonexistingtheoriesingaming,Whitton(2011)hasconstructedamodelofengagement
inwhichlearningconsistsoffivefactors,i.e.challenge,control,immersion,interestintheactivity,
andpurpose.ApplyingWhitton’stheory(2011)toourresultswetakeafewexamples.Noisewill
increaseimmersion,andaselectionofcommunicationdevices,i.e.face-to-face.Radioormobile
phonesprovidedifferentavenuesofcommunicationandthuscontrol.Ontheotherhand,noisecan
provideachallengeforthetraineeandcanintroduceuncertaintyincompletingatask,whichcan
alsobeincreasedbyacomplextopologyofcommunication,suchasmultiplesimultaneouschannels.
Thelasttwofactors,interestintheactivityandpurpose,couldnotbefoundinthetenstatements.

Thispapercontributestothetransferabilityofknowledgebetweendomains.Itaddstoprevious
work,whichhasproposedwaysofdesigninguserinterfacesbyadaptationfromotherdomains,such
asgames(Shepherd&Bleasdale-Shepherd,2011).Thus,itcontributestoansweringthequestion
towhatextenttechnologycanbetransferredbetweenapplicationdomains(Harris&Harris,2004).
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