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ABSTRACT

Performingtasksundertaskcomplexity(TC),forexample,duringthemanagementofacrisis,can
bechallenging.Onerelevantresearchstreamhassofardealtwithmodellingtaskcomplexitywhile
anotherresearchstreamhasestablishedtheimportanceofsituationawareness(SA)duringcrisis
management.Thisstudytakesintoconsiderationthesetworesearchstreamsandbuildsamodelon
howSAisachievedundertaskcomplexity.Theresearchshowsthatinformationofhighinformation
quality (IQ) reduces the levelof taskcomplexity,and influences—aswellas is influencedby—
situationawareness.Thepracticeofcollectinganddisseminatingrelevantandtimelyinformation
asacriticalresourceinimprovingSAshouldbecarriedoutcontinuously.Thiscontinuousprocess
canbeimprovedbyusinginformationtechnologiesasautomatingtools.Moreover,thestudyshows
howsharedmentalmodelscanimproveSAundertaskcomplexity.Acasestudyapproach,based
onqualitativedatafocusingontheorybuilding,isapplied.UnitofanalysisisaNorwegianhospital.
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INTRoDUCTIoN

Weadoptthedefinitionof“taskasbehaviourrequirements”byWood(1986,p.62),statingthattasks
areabehavorialresponsesofanindividual.Theaimoftheseresponsesistoreacha“specificlevel
ofperformance”(Wood,1986,p.62).Inourinterpretation,thedefinitioncanincludemorethanone
person,asseveralindividualswithinandacrossorganizationscanbejoiningtoperformtheresponses.

Weusethedefinitionoftaskcomplexity(TC)byHærem,Pentland,andMiller(2015),whoin
turndrawuponOeserandO’Brien(1967).BothsetsofscholarsestablishTCsimilartoadecision
tree.AccordingtoHæremetal.(2015),tasksarepathsandpotentialroutestoreachparticulargoals
inthenetwork.Thiscreatesnodesandtieswhichmayinadditionchangeovertime,whichgivesa
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dynamicelementtocomplexity(Wood,1986).Incontrasttosimpletasks,themorechoicesthatare
possibleinordertoreachgoals(Wood1986),andthemoreunexplainableinterrelationsofcomponents
inthenetworkofactors(Flood1987),themorecomplexisatask.Asoursystemsandorganizations
evolve intomore complex systems,dealingwithTChasbecomemoreurgent (Campbell, 1988;
Hæremetal.,2015).

Althoughinliteratureoncomplexsystemsthereisafocusonsituationawareness(SA)aspart
ofthedecisionprocess,TCislessofanissue(Endsley,2001;Wright,Taekman,&Endsley,2004).
However,comingbacktoHæremetal.(2015)andCampbell(1984),complexsystemsandcomplex
tasksaresointerwoventhatwebelieveSAiscentralwithinTCaswell.WeusetheSAdefinitionby
Endsley(2001),whichisalsosupportedbyWrightetal.(2004,p.4).Endsley(2001,p.4)definesSA
asa3-levelmodelconsistingof“Perceptionoftheelementsintheenvironment”,“Comprehensionof
thecurrentsituation”and“Projectionoffuturestatus”.Highstressandhighworkloadmayadditionally
hinderSA(Wrightetal.,2004).

WhencomparingthestudiesbyHæremetal.(2015)andCampbell(1984)withthestudiesby
Endsley(2001)andWrightetal.(2004),thereisonemoreaspectwhichbecomesclear:Information
andthequalityof informationappear tobe importantforbothassessing tasksandgaugingtheir
complexitywhenitcomestoSA(Endsley,2001;Wrightetal.,2004).Inourview,bothHæremetal.
(2015)andCampbell(1984)givethisaspecttoomarginalconsideration.Wedefineinformationas
“knowwho,what,where,whenandhowmany”(Ackoff,1989).IncontrasttoAckoff,wealsoinclude
how-to(Ackoff,1989).Westartwiththeinformation quality(IQ)definitionbyNelson,Todd,and
Wixom(2005),statingthatqualityofinformationiscreatedbythelevelofcompleteness,accuracy,
formatandcurrencyoftheinformation.However,throughouttheanalysis,wefindoutthatthegiven
modelrequiresadifferentlookattheinformation-relatedparameters.

ThisstudyinvestigatestheroleofSAundertaskcomplexity.Inaddition,itposesafundamental
questionconnectedtoSAunderTC–whetherinformationmayplayamoresignificantrolethan
previousresearchsuggests.

ThestudyprovidesaliteraturesurveyandestablishestheanalyticalmodelofSAunderTCand
theroleofinformation.Anempiricalcasestudyinvestigatestheambulantprofessionalorganisation
ofNordlandhospital. Interviews,discussionofexistingproceduresaswellasobservationof the
largestUniversity-organizedemergencymanagementexercise(“exerciseNord2019”)arethemain
meansofdatacollection.

LITERATURE SURVEy

Situation Awareness in the Light of Task Complexity
AccordingtoCrichton,Lauche,andFlin(2005),SAisoneofthefiveincidentcommandskillsbesides
decision-making,teamwork,leadershipandcommunication.SAmaysufferfrom“information gaps, 
the lack of fluent communication, and the fact that there is no common operational picture”(Seppänen,
Mäkelä,Luokkala,&Virrantaus,2013,p.1).Informationisconstantlymentionedasanattributeto
supportacommonoperationalpicture(ibid.).

Improvement in situation awareness, including tasks such as the assessment of urgency, is
connectedtoincreasingdecision-makingcapability(Chung,2005;Endsley,2017;Gerdtz&Bucknall,
2001).SAliteratureparticularlystatestheimportanceofbeinguptodatewithoverallcapabilitiesin
adynamicenvironment(Endsley,2017).

SomestudieshavelookedattheindividualchallengesofadecisionprocessconnectedtoSA
ifsomethingisurgent(Gerdtz&Bucknall,2001).Klein(2000)placesSAinamodellinkedtothe
performanceoftheactor(e.g.insuchataskasanassessment).Otherstudieshavefocusedonthe
factthatSAalsorequiresactorstobeuptodatewiththecapabilitiesofotheractors,groupsand
organisations(Coffey,2012;Rimstadetal.,2014).Sharedsense-makingandjointmentalmodels
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may become important here (Grimes, 2010; Pearson & Clair, 1998). Particularly shared mental
modelshavebeenconnectedtoincreasedteamSA(Bolstad,Cuevas,Gonzalez,&Schneider,2005).
Also,accordingtoBolstadetal.(2005),sharedmentalmodelsplayadirectroleinforming(shared)
situationawareness.Sharedmentalmodelshaveinadditionbeenconnectedwith“asetofconcepts
andlanguage”tosimplifythetransmissionofinformation(Denzau&North,1994,p.10).

Inthislight, increasedSA is linkedtotheavailableinformationinthesharedmentalmodel.
However,iftheinformationisnotavailable,informationsearchmaytaketime,whichinturnmay
potentiallydeterioratethesituationthatneedstobesolved(Gerdtz&Bucknall,2001).Janisand
Mann(1977)arguethattimepressureleadstoalessthoroughinformationsearch,whichlimitsgoing
intothedepthsofalternativestogainSA(Edland&Svenson,1993).Also,Chung(2005)seestime
constraintsaswellascommunicationdifficultiesasthemaincriteriawhydecisionshavetobemade
basedonincompleteinformation,and-asaconsequence-potentiallyincompletesituationawareness.

AccordingtoGerdtzandBucknall(2001),primaryreasonsthatinfluenceassessmenttimeto
increaseSAare:

1. Therewaspreparationtime(decreaseofassessmenttime);
2. Theprocessisinterrupted(increase);
3. Ifinformationdonorandrecipientusedifferentlanguages(increase);
4. Thebackgroundoftheactor(depending).

Tounderstandtheroleandthesequenceofsituationawareness,ithelpstolookagainatthe
“modelofSAindynamicdecisionmaking”byEndsley(2017,p.35)intheintroduction.TheSA
modelconsistsofthreelevelsandprecedestheactofdecisionmaking(seealsoWrightetal.(2004)).

TheselevelsdoconstitutesomeoverlaptowhatGaba,Howard,andSmall(1995)presentas
constituentsofSA–namelybeingawareofsubtlecues,noticingevolvingsituationsaswellasbeing
awareofparticularknowledgeelements.AlltheseconstituentsbyGabaetal.(1995)aredynamic.
Theyimplythatonceataskisbeingperformed,achangeoftheSAmayappearthatmayrequirean
adjustmenttotheaction(Gabaetal.,1995).

Wrightetal.(2004)arguethat individualswithlowerSAaremorepronetodecisionerrors.
Interestingly,Endsley(2017)mentionsTCasachallengetogainingsituationawareness.Eventhough
weseethattheSAliteraturedoesdrawuponTCofsituationawareness,itdoesnotseemtobecentral.
Besides,thereislittlereferencetotheobjectivesofthosetasks.

Understanding Leading Task Complexity Theory
Therehavebeenattemptsatquantifyingthecomplexityoftasks(Campbell,1988;Hæremetal.,
2015).Hæremetal.(2015)drawuponOeserandO’Brien(1967)anddesignTCasaformula:“Task
complexity=∑g∑ptiesg,pwherepaths(p)areroutestoparticulargoals(g)representingtheattainment
ofanoutcome”.Inaddition,Campbell(1984)mentionsthatcontradictionandinterrelationwhen
facingataskmaybedescribedbytaskcomplexity.

Thecomplexityoftasks,accordingtotheframeworkbyCampbell(1988),ischaracterisedby
changes(Campbellreferstoanincrease)intheinformationload,thediversityofinformationorthe
rateofaninformationchange.Itwillbeinterestingtodiscussinformationfurtheratalaterstage,as
firstimpressionssuggestthatitisnotalwaysclearwhetherinformationincreasesordecreasestask
complexity.

Additionally,Campbell’sconceptenablestodistinguishfourtaskcharacteristicswhichcontribute
tocomplexity.Theseare“(a)thepresenceofmultiplepotentialways(i.e.,paths)toarriveatadesired
end-state,(b)thepresenceofmultipledesiredoutcomes(i.e.,end-states)tobeattained,(c)thepresence
ofconflictinginterdependenceamongpathstomultipleoutcomes,and(d)thepresenceofuncertain
orprobabilisticlinksamongpathsandoutcomes”(Campbell,1988,p.43).Thehigherthevalueof
eachoftheabovecharacteristics,themorecomplexthetasktoworkonamajorgoal.
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Interestinglyenough,Wrightetal.(2004)analysetasksandconcludethat“major”goalswillbe
reachedbyfulfillingasetofsub-goals.Wrightetal.(2004).TheyalsoclaimthatSA(levels1-3)is
requiredforeachofthesub-goals.Thismeans,consequently,thattaskfulfilmentofthemajorgoal
wouldbedependentonacollectionoftaskcomplexities,unlessexactsub-goalsaredesignatedas
maingoals.Butwhatifthegoalisnotclear,orpartlyunknown,orchangesovertime?

Information and Task Complexity
InlinewithWright,Schoonhoven,Scott,Flood,andForrestJr(1980,p.894)suggestthat“Aninterest
in“technology”-asthisfocus(somewhatmisleadingly)hasbeenlabelled-isjustifiedbythesensible
assumptionthatonecannotintelligentlydesignappropriateorganisationalarrangementsunlessone
firstknowswhat typeofwork is tobeperformed”.Yet,when information is lacking,objectives
becomefuzzy(Bellman&Zadeh,1970)andstrategiestocopewiththesituationbecomelessclear.

WeickandSutcliffe(2015,p.66)arguethattheorganisationforcomplextasksshouldnotbe
overlysimplified,asthismaydiscouragethepotentialfor“processvariety,[…]argumentation,and
morecapabilityandwillingnesstoacttounderstand”.Thissuggeststhereforethatasimplificationof,
oradecreaseinvalueofthevariableswithinthepresentedformulabyHæremetal.(2015)maynot
bethesinglesolutiontocopewithtaskcomplexity.Anothersolutionmaypresentitselfbyexploring
furthertheaforementionedinformation.

Hæremetal.(2015)areawareoftheimportanceofinformation(see“information cues”)to
complexity.BasedonWood(1986)andCampbell(1988),theyarguethatinformationneedstobe
processed,otherwiseitincreasestaskcomplexity.Ontheotherhand,therearestudieswhichconsider
complexity to increase through lackof information(Xia&Lee,2005),whichmayoften lead to
problemsofcoordination(Robson,Katsikeas,&Bello,2008).Obviously,thereneedstobesome
differencebetweenthetwoconceptsofinformationpresented;thediscussiononIQmaybeableto
providesomehelptoclarifythediscrepancy.IQascribesspecificattributestoinformation,soitcan
beusedtoitsfullestpotential(Nelsonetal.,2005).Relatedtosituationawareness,theliteratureon
sharedmentalmodelsdoesalsomentionthataddedinformationofqualitymayimproveawareness
(Denzau&North,1994).Althoughintheirmeta-studyLee,Strong,Kahn,andWang(2002)construct
amethodforassessingandbenchmarkinginformationquality,theydonotmentionwhetheritmay
beofrelevanceforTCandsituationawareness.

Informationquality-relateddiscussioninliteratureiswide-reaching.Forexample,Gormanet
al.(2000)askifinformationmaybeusedinsmallunits,orwhetheritismoreproblem-orientedto
usebundlesofinformation.Bundlesaresaidtobebetterto“supportdiverse,complex,andoften
simultaneous tasks” (Gorman et al., 2000, p. 287), while previous sources talk about increased
complexity through information overflow. Gorman et al. (2000) also discuss the role of other
physicalsupportfortechnologyrelatedtoinformationmanagement(Kardexnotes,ICUflowsheets,
Resident’sworksheets…),withagenerallypositiveemphasisontheperformance.Technologytomake
informationmobile(Hajiheydari&Hanafizadeh,2013),aswellasrelyingonotherorganizations
toprovideinformationmanagementandtechnologyhasalsobeensubjectofperformancerelated
research(Talpeanu&Rusu,2017).Alsostudieswithinbusinessresearch,assignplatformsandtools
tomanageinformationanimportantrole(Lavassani&Movahedi,2017).Cantechnologyaddto
informationqualitywhenpresentedwithtaskcomplexity?

ANALyTICAL MoDEL AND RESEARCH QUESTIoNS 
BASED oN THE THEoRy PERSPECTIVE

SimilarlytoHæremetal.(2015),anddrawinguponOeserandO’Brien(1967),Schoonhovenetal.
(1980)explainTCanduncertaintyvia1)“the set of activities performed”whenperformingatask
(egtriage)and2)thesetofchoiceswhichtheactorhastochoosefrom.Atthesametime,wetake
intoaccountliteraturesuchasWrightetal.(2004)andEndsley(2017),whereSAalwaysprecedesthe
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decisiontask.Hence,itisSAratherthandecisionmakingortaskfulfilment,whichismostclosely
connectedtotheTCvariable.Apreliminarymodel,therefore,shouldcontainthevariables:situation
awareness,TCandinformation.

Basedonthereviewoftheextantliterature,weposetworesearchquestions:

RQ1:Whatistheroleofinformationinreducingtaskcomplexity?
RQ2:WhatistheroleofSAformediatinginformationandtaskcomplexity?

STUDy FIELD AND RESEARCH oBJECT

Choosingtherightstudycontextmayberelevant.Gormanetal.(2000)statethatcontextcharacteristics
maybeimportantforamodelincludingtaskcomplexity.Characteristicsincludetheuser(orresearch
subject),thetasktheyhavetoperformandtheinformationspacetheyareoperatingin(ibid.).Previous
studiesare locatedamongothers in theareaofSA inclinicalsettings(Gormanetal.,2000)and
children’shospitalintensivecareunits(Bradyetal.,2013).

Ourresearchrestsinamedicalsetting.Itfocusesonsocalledambulantstaff(actors)connectedto
aNorthernNorwegianhospital.Wehavedeterminedthatastudyoftheseactors,whorequireSAtodeal
withtaskcomplexity,helpstoelaborateonourresearchquestions.Therelevantsub-organizationsfor
data-generationstemfromthe“NorskIndeksforMedisinkNødhjelp”/[NorwegianIndexforMedical
EmergencyAid](NAKOS,2018).Theambulantstaffisconnectedtothefollowingsub-organizations:

• “Akuttmedisinsk kommunikasjonssentralen” [Ambulance communication center] (AMK):
ActorsatAMKcoordinatetheambulanceresourcestoandfromanincident-site.Theyneedtobe
inconstantcontactwiththeincidentcommanderhealth(whoispartofambulanceonanincident
site)aswellastheambulance-centers.AMKisconnectedtothejointplanningheadquartersby
ambulance,police,firebrigade,the(socalledSAMLOK)locatedinBodø/NorthernNorway;

• Ambulance:Theseactorscanbesentviaairorambulance-carandareoftenthefirstprofessionals
onsite.TheyreceiveinformationfromAMKandtaketherelevantdecisionsonsite.Thisunitalso
includesthepositionofincident leader health (ILH),whichisamainroleduringcoordination
oflargerincidentsandislocatedattheincident leader commando area(ILKO)onsite;

• 330 Squadron:InBodø,theareaofthisstudy,thismilitary-affiliatedhelicopterunitsupports
airborneactivity.Theycarryonboardadoctorfromthehospitalandrescuepersonnelwith
ambulanceeducation.Theyareoftenfasterthanambulancecarsandhaveanimportantrolein
difficultterrain(sea,mountains,…);

• “Akuttmottak”/Emergency room (ER):ActorsintheERwillbetheonestoreceivethepatients
atthehospital.Theyneedtoassesswhattodowiththepatientsandwhatresourcestomobilize
anduse.

TheNorwegian Index for Medical Emergency Aid(NAKOS)statedamainchallengeconnectedto
SAinambulantwork:“Systemene for lokal, regional og nasjonal registrering og rapportering holder 
ikke det kvalitetsnivået som er ønskelig”[Thesystemsforlocal,regionalandnationalregisteringand
reportingdonotmeetthedesiredqualitylevel](Nilsenetal.,2014,p.18).Hence,itisimportantto
understandwhichchallengewithintheNorwegiansystemtheseactorswillfacetocreateSAandto
managetohandleTCbeyondtheirownposition.TwotypesofSAareimportantintheambulantfield:

• Situation awareness concerning patient:WhenitcomestoSAwithinthehealthsector,studies
suchasBraddock,Fihn,Levinson,Jonsen,andPearlman(1997,p.340)provideagoodinsight
ontheimplicationsofperformingatask:Namely,“committing to a particular course of action”.
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Nonetheless, thesestudiesfocusmostlyonthetasksdirectlyrelatedtothepatientsandthey
observebothcuesforSAanddecisionmade(Ofstadetal.,2014);

• Situation Awareness Concerning Logistic:Whenfacedwithtaskcomplexity,(e.g.amass-
rescueincident;specialincidentssuchaschemical, biological, radiological and nuclear defense
(CBRNE) or incidents with ongoing life-threatening violence (pågående livstruende vold
(PLIVO)),theoperationalaspectrelatedtothelogisticsofarescueoperationbecomesmoreand
moreimportant,aswellasamainconcernofsituationawareness.

These two types of situation awareness, “patient” and “logistics”, are interwoven and find
considerationineveryrole.Nonetheless,thisstudymostlyconcentratesonthesecondone-logistics.

WhenitcomestoinformationmanagementwithintheNorwegianambulancesystem,aset
ofstandardsprovideclearframeworkfordecisiontasks.Oneofthemostimportantstandards
is the previously mentioned Norwegian Index for Medical Emergency Aid (NAKOS, 2018).
Withinthestandard,agroupofmass-rescueincidents(“masseskadehendelse”)arementioned
asparticularly critical due to time-resources-challenges.Time-critical information related to
availabilityandmobilizationofresourcestotheincidentsiteisthereforeregardedascrucialfor
studyingsituationawareness:

Kjørevei, Møteplass, Innsatsområde, Skadeomfang, Melder, vitner, mv; farlig område, 
Situasjonsrapport fra første enhet på stedet, Viktig informasjon for den videre planlegging av ressurser, 
I form av materiell, personell, beredskap osv. [Infrastructure, meeting places, areas of operation, 
extent of injury, person reporting from the incident site, dangerous areas, situation report by the 
first professional at the site, important information for further planning of material-, personnel- and 
emergency resources] (NAKOS, 2018, p. 21) are all part of the important information.

As an example, when it comes to mass-rescue incidents, the “Nasjonal veileder for
masseskadetriage”/[nationalguidelinesformass-rescuetriage]comeintoplay,particularlyas
longasthereisanimbalancebetweenthequantityofinjuredpeopleandtheavailableresources
(Helsedirektoratet, 2013). This shall support SA towards the right issues. According to the
document,“common”principlesofdocumentationwillcomebackintoplayassoonasenough
resourcesarerestored.

METHoD

Toacquireknowledgeonthevariable(situationawareness),–alookattheexplanationofprevious
studieshelpstogainanunderstandingofhowtomeasureit.Bradyetal.(2013)definekeyindicator
eventswhichdemonstratealackofSAincasetheyappear.Gabaetal.(1995)refertoTenneyetal.
(1992)andSarterandWoods(1991),whointroducehypotheticalscenariosandsimulationstogain
aninsightintotheSA(inthiscase,mostlikelyaperceivedsituationawareness).

Wright et al. (2004), on the other hand, highlight several means of measuring including
measurementofdirectperformance(timeontask,rateoferror,deviationsfromtheobjective),mental
measuresofsidetasks-whichindicatethattheactorisnottooinvestedwiththecore-task-and
physicalanalysisofthetask-performers’body(e.g.Eyetracking,timeused…).Whenitcomesto
taskswithpotentiallyunclearobjectives,thesestudiesareawarethatobjectivemeasures(suchas
Goal Directed Task Analysis(GDTA)[compareGabaetal.(1995)])maybechallenging,hencea
subjectiveassessmentisneeded.Thepresentstudyisthereforeframedonadatagenerationbasedon
hypotheticalcasediscussionwithactorsconnectedtothestudyobject.Observationoftheincident
leaderhealth(ILH)atexerciseNORD2019,afullcasemassrescueexercise,providesin-depthdata.
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Thefirstmethodologicalstepwastocooperatewiththepotentialsub-organizationsthroughout
informalinterviews.Thiscreatedanunderstandingoftherelevanttypesoftaskstobeassessed.These
taskswererelatedtothedecisionmakers’SAundertaskcomplexity.

Inasecondstep,semi-structuredinterviewswereconductedtogainfurtherinsightsintothe
relationsbetweensituationawareness,TCandinformation.IncontrasttoSchoonhovenetal.,who
followedaquantitativeapproach(Schoonhovenetal.,1980), thisstudyhasbuiltup theorybya
qualitativecasestudyapproach.

Questionswererelatedtobackgroundofparticipant,informationandprofessionalization-related
topicsandsituationawareness,aswellasfurtherconsiderations,contextandon-taskcomplexity.The
followingtabledescribestheinterviewparticipants.

RESULTS

ThisresearchisaimedatfindingoutwhattheroleofinformationisinthelightofSAcapability
undertaskcomplexity.Theresultsshowthatinformationhasasubstantialeffectontaskcomplexity,
aswellasthatitinteractswiththedependentvariablesituationawareness.

Situation Awareness Under Task Complexity
Thecriticalityofamission,oratleasthowcriticalitisassessedtobe,playsalargeroleonhow
complex the following taskswill be andhowurgent the actors judge the situation.Onboth the
operationalandthetacticallevel,theactorsinthestudyactedonthebasisoftwomainpremises
concerningSAandrelevantinformation.

Situation Awareness on Risk, Safety, Criticality and Urgency
Thefirstpremiseforon-siteactorsispersonalsafetyandassessmentofrisksconnectedtoanyactivity
attheincidentsite.Aspectssuchasperceptionofelementsintheenvironmentlikeweatherconditions
(e.g.massrescueatseaoravalanches),threatsfrompotentialchemical,biological,radiologicaland
nuclear(CBRNE)material,personalsecurity-relatedaspects(e.g.ongoinglife-threateningviolence
(PLIVO)),alltheseissueswerebroughtup,whichmadetheambulanceworkmorecomplexandthe
actorsmoredependentontheirnetwork.

Hereby,theinterviewsshowed,howmuchimportanceisgiventocommunicationsystemsand
pre-installed procedures and hierarchies. As an example, while more common ambulance tasks
relyontheself-responsibilityofanactor,someoftheaboveaspectsrequirespecializedknowledge
connectedtoroleswiththelegitimacyandresponsibilitytodecideoverothers.

S09,forinstanceexplainedthelegitimacyofaleadingroleforcooperationonoperationallevel
ifbothambulance,policeandfirebrigadeneededtomobilize:

Det er gjerne politiet som oppretter den talegruppa, for det er de som har styringen med det. Så da 
setter de en radio i den. Så da kan vi kommunisere bare med ambulansen i en talegruppe, og så kan 
de også kommunisere med sentralene her og med hverandre i den andre talegruppa. [It is often the 
police who create that speech group, because they are the ones with the control. So they put the radio 
on. So then we can only communicate with the ambulance in one speech group, and then they can 
also communicate with the centers here and with each other in the other speech group]. 

AnexampleconcerningsafetyandrelyingonanothertacticalactorwasgivenbyS11:

jeg sa til første redningsmann… så gikk han og snakket med en person som var i skredet og undersøkte 
litt og så ble vi enige om at jeg også skulle ned, så ble jeg heist ned. Og da hadde vi på oss snøskredsekk 
og sender/mottaker og søkestang og alt vi trengte for å lete og grave. Men da ble redningsmannen 
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Table 1. List of interview partners

Source Acronym Organization Position

Organizational 
Level (Tactical, 

Operational, 
Strategic)

S1 NordUniversity
Studyprogramleader/
facultyforambulanceand
health-sciences

-

S2 NordlandHospital Assistantleaderof
EmergencyRoom tactical

S3 NordlandHospital
Specializednurse/in
chargeoftraining-and
exercise

tactical

S4 Ambulanceof
NordlandHospital Leaderofambulance tactical

S5

Ambulance
communication
center(AMK)of
NordlandHospital

LeaderofAMK operational

S6 NordlandHospital
andAMK

Specializednurse
(coordinatoratER,
113-operationsAMK)

Tactical

S7 Ambulanceof
NordlandHospital

LeaderofAmbulance,
Bodøregion -

S8 NordlandHospital
andAMK

Professional
113-operationsAMK operational

S9 NordlandHospital
andAMK

Specializednurse,
professional
113-operationsAMK

operational

S10 330Squadron Rescueoperator Tactical

S11 NordlandHospital
/330Squadron

Medicaldoctorbothat330
SkvadronenandNordland
Hospital

Tactical

S12 330Squadron Pilot,helicopteroperations
lead Tactical

S13 NordlandHospital
andAMK

Specializednurse
(coordinatoratER,
113-operationsAMK)

Tactical

S14 NordUniversity

Specializedambulance,
Observer/Conducteur
atExerciseNORDfor
paramedicsandILH
position

Tactical

S15 NordlandHospital
/Vesterålen

Specializedambulanc,
Observer/Conducteurat
ExerciseNORDforILH
position

Tactical

S16 Ambulanceof
NordlandHospital

Spec.ambulance,ILHrole
atExerciseNORD tactical
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sendt ned først for at han har større forutsetninger for å gjøre sånne vurderinger og for å bevege 
seg i snøskredet enn det jeg hadde, før han fant ut at det var trygt, og så kom jeg ned. Så både egen 
og gruppesikkerhet er viktig. [I said to the first rescuer ... then he went and talked to a person who 
was in the landslide and investigated a bit and then we agreed that I should also go down, then I was 
taken down. And then we had avalanche backpacks and transmitter / receiver and search bar and 
everything we needed to search and dig. But then the rescuer was sent down first. He had greater 
preconditions for making such assessments and for moving in the avalanche than I had before finding 
out it was safe, and then I came down. So both self and group security are important]

Updates on Current and Future Complexity
Thesecondpremiseismoreconnectedtothewellbeingofthepatients.Aftertheobligatoryassessment
ofthefirstrespondersonthecriticalityofpatients(mostlyprocedure-driven),andafterbringing
thepatienttoasafespotandcallingthenecessaryresources,recurrentinformationgatheringand
situationupdateisperformed.Thisprocess,togetherwithgatheringsubtlecuesfromtheenvironment,
isnecessaryinordertopaintasharedmentalmodelofpotentialworstcasescenarioforthesituation.

If the shared mental model is not painted, examples show, that actors from different sub-
organizationswouldhavedifferentsituationawareness.S11stated:

Sånn tilbake til det snøskredet som jeg var ute på for noen uker siden. […] midt i hendelsen, en time 
etter at vi hadde vært der for eksempel, så ville nok vi på skadestedet, de på politiets operasjonssentral, 
de på AMK, de på HRS ville sitte med forskjellig situasjonsforståelse. Fordi at det blir veldig mye 
prat på nett og det blir vanskelig at alle får med seg alt. [Back to the avalanche I was out a few weeks 
ago. […] In the middle of the incident, an hour after we had been there for example, then we probably 
would have been at the scene of the injury, those at the police operations center, those at the AMK, 
those at HRS all would have different situation awareness. Because there is a lot of talk on the web 
and it becomes difficult for everyone to get everything done. 

S04gaveagoodinsightonhowimportantSAupdateswereforpatientswithcriticalsituation:

Det er jo å gjøre de samme vurderingene på nytt flere ganger gjennom et oppdrag. Måle blodtrykk 
gjentatte ganger, måle pulsen, følge med på EKG, overvåkning rett og slett [It is, after all, to make 
the same assessments again several times through a mission. Measure blood pressure repeatedly, 
measure heart rate, monitor ECG, simply monitor…]

Theaboveexamplemaybeusedtoreflectonthedynamicelementsinthemanagementprocess
ofeachactor’stasks.Eventhoughtheyoftenfollowclearproceduresandhaveageneralmentalmodel
onwhattodo,additionalinformationbothfrompatients,fromcolleagues(horizontally,vertically,
diagonally)andtheenvironmentmayrequiresomeoftheactorstorestructuretheirtasks.

WhileapathofrecurrentgatheringofinformationincreasestheTCatpresent,itpotentially
decreaseseachindividual’sfuturetaskcomplexity.Thisisdonebyprovidingnecessaryadditional
informationandotherresourcestoenabletheshorteningoffuturepathwaysordistributesub-goals
toavailableadditionalresources.AnexamplebyAMKS05providesagoodunderstanding:

så er det jo det potensielle i dette her du må prøve å forestille deg i tillegg, alle eventualiteter. For 
eksempel sender vi et helikopter ut til en plass det går an å kjøre så sender vi alltid en ambulanse, 
for du vet aldri om at det helikopteret verken får landet eller få tekniske problemer. Så vi er alltid at 
vi kjører dobbelt. Det er en sånn både/og. Du må jo alltid ha prosedyreverk i bunnen som sier noe 
om hvordan det skal gjøres. Men så lenge du har det så har du muligheten til å være kreativ og finne 
løsninger som ikke passer inn i det verket, så lenge du har det i bunnen. Vanskelig å forklare. [Then 
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there is a possibility that you must additionally try to imagine all eventualities. For example, we send 
a helicopter to a place that can be reached by car and we always send an ambulance, because you 
never know. The helicopter might not be able to land or get technical problems. So we always have a 
backup. It’s either or. After all, you always have to have procedures at the bottom that say something 
about how to do it. But as long as you have the procedures you have the opportunity to be creative 
and find solutions that do not fit exactly to the procedure. As long as you have the procedure as a 
basis. Difficult to explain.]

The data showed that all actors were aware of the limitations of every-day resources and
that receiving additional resources was often the most critical issue. It means that with lack
ofresources, thereweretasks thatweretoocomplexfor theexistingactorsandwhat theyhad
available.Informationmanagementcouldhelptomobilizeashareofrelevantalternativeresources.
Forinstance,therewasaso-called“catastrophealarm”acrossthesub-organizations.Thiswould
transmitanautomaticinformationandwarningtoallsub-organizationstomobilizeextraresources,
whichwouldinturnincreasebothphysicalresourcesandcapabilitiestoincreasetheinformation
flowandthesituationawareness.

Complexity and Sub-Paths, -Ties, and -Goals
WhenitcametotheoverallcomplexityoftheorganizationofambulanceworkatexerciseNord,
therewasamultitudeofactorsfromdifferentsub-organizations.ThisnetworkwasdescribedbyS11
toinclude:

112, altså politiets operasjonssentral, AMK-sentralen, 1-2-3 ambulanser, hvor hver enkelt har et 
håndsett radio, 1-2-3 leger, redningsmann, Røde Kors kan melde seg inn i tilsvarende gruppe, 
redningshundene…det blir ganske mange. og da kan det være vanskelig å få oversikt over alle som 
er der. [the police operation center, the AMK-central, 1-3 ambulances, where each one has a handset 
radio, 1-3 doctors, rescuers, the Red Cross can join a similar group, the rescue dogs ... there are quite 
a few. And then it can be difficult to get an overview of everyone who is there]

Thisisaquoteaboutthedifferentstakeholders’sub-organizations,butoneshouldkeepinmind
that, inaddition, insideeachsub-organization therecouldalsobeamultitudeofspecialists.The
trauma-teamattheemergencyroom,whichisthelateststagethisstudylooksat,isagoodexample.
Whenweobservedthemgatheringtotakecareofayoungpatient,aplethoraofactorswassummoned
–amongothersanesthesiologist,ananesthesianurse,surgicalnurses,receptionnurses,ageneral
surgeon,anorthopedicsurgeon,aneurosurgeon,aradiographer,aporter,aradiologist,abioengineer
andsupportpersonnelsuchasdoctorsineducationandobservers.Altogetherourobservercounted
closeto20personswhohadmobilizedtoreceivethepatient.

Inordertohandletheselogisticchallenges,itseemsthatalltheactorsintheambulantfield
areoperatingwithasharedmentalmodelofanoverallgoalrelatedtotheirtask–namelysaving
thelivesorhealthofmostpossiblepeople.Onadailybasis,inmostofthecasescomplexityisin
arangethatismanageablebyallwiththespectrumofprocedures.Withtheseproceduresinmind,
S05fromAMKstatedthat“Vitenkerikkesåkomplekstnårtelefonenringerinn,vitenkerveldig
sånnsystematiskabcde…enkelt”[Wedon’tthinksocomplexwhenthephonerings,wethinkvery
systematicallyabcde...easy].AstatementthatstrengthensthispointwasgivenbyS13:“detkan
gåfortererettogslettpågrunnavatdeharjodetsammetriagesystemetiambulansene”[itcango
fastersimplybecausetheyhavethesametriagesystemintheambulances].

When a case becomes more complex, however, it should be noted that - according to our
observations-reachingmajorgoalsunderTCmostlyworkedoutbydividingthemajorgoalsinto
sub-goals.Thelesscommonthesetofsub-goals,thelesslikelythatproceduresareavailable.Also,
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morepersonsmaybeassignedsimilartasks.Thisleadstoadecreaseoftheclarityofsub-goals,a
decreaseofthenecessarytiesaswellasadecreaseofthepathstoreachthesub-goals.S05described
thisprocesswellbystatingthat:

målet er jo veldig enkelt: vi skal redde flest mulig liv. Så for oss er det ikke så vanskelig. Og det 
gjelder jo for brann og politi også. Så er det en stor hendelse så er det det vi skal gjøre. Men vi har 
jo alltid delmål for at vi skal lykkes best mulig i en sånn prosess. Veldig ofte store hendelser så… et 
av delmålene vil alltid være å ikke skape flaskehalser som gjør at du må sluse mennesker igjennom 
en masse sjekkpunkter før du kommer fram til de som faktisk kan gi dem behandling. Og det vil jeg 
jo kalle delmål. Så vi har mange sånne punkt underveis i en hendelse. [the goal is very simple: we 
want to save as many lives as possible. So for us, it’s not that difficult. And that applies to fire and 
police as well. If it is a big event then that’s what we’re going to do. But we always have sub goals to 
succeed in such a process as best we can. Very often in big events... one of the sub-goals will always 
be to not create bottlenecks that require you to lead people through a lot of checkpoints before you 
reach those who can actually treat them. And I would call that a sub-target. So we have many such 
points along the way in an event]

WhileS05paintedaratherclearpictureofhowseveralactorsandsub-goalscouldresult in
decreaseoftaskcomplexity,othersourcesmentionedtheopposite:Theystatedhowdifferentactors
couldhavedifferenttypeofsub-goals,whichinturnwouldraisecomplexity.Thismaymakeitmore
difficulttoachieveoverallSAandhaveacompletesharedmentalmodel.Conversely,predefined
proceduresmayhavethepotentialtoprovidebettersharedmentalmodel,asexpressedbyS14:

Jeg tror at en av de største utfordringene i helsevesenet i dag, altså i ambulansetjenesten i dag, det er 
det at vi ikke har forhåndsdefinerte ledere. Sånn at ved en reell hendelse så er det en risiko for at første 
enhet til stedet har en relativt fersk ambulansearbeider som tar rollen. Og det står jo i tiltaksboka vår 
at mer erfaren personell kan komme inn og ta over rollen, men det ligger ikke noen automatikk i det. 
Og vi har ikke noen retningslinjer på det. Sånn at mange ganger på mindre skadested så har jeg nok 
sett det at vi har litt uerfarne og uatuoritære ledere som forsvinner litt og ikke tør å stikke seg fram 
og ta ansvar. [I think that one of the biggest challenges in the health care system today, I mean the 
ambulance service, is that we do not have predefined leaders. So in case of a real event, there is a 
risk that the first unit of the site has a relatively fresh ambulance worker taking the role. And it says 
in our action book that more experienced personnel can come in and take over the role, but there is 
no automaticity in it. And we don’t have any guidelines on that. So many times at a minor injury site, 
I have probably seen that we have a bit of inexperienced leaders with less authority who disappear 
a bit and do not dare to step forward and take responsibility.]

The above quote represents an exception within the ambulance section, other response
organizationssuchasmilitary,policeandfire-brigaderelymoreonproceduresforpredefinedon-scene
leaders.Alsointhepresentedstudy,onmanypositionstherehadbeenestablishedinstitutionalized
rolesandhierarchies.Also,therewereadhoc-platformsandmethodsforlearning.Thesewouldbe
directedbothtowardsindividualSAcapabilitiesaswellassharedSAviasharedproceduresandmental
models.Yet,inmanyofthepositionstherewerenotsufficientbackupresourcestofreepeopleto
dosubstantialtrainingandlearningofspecificallycomplextasks.

Likewise,alsowhenitcametodebriefinganddefusingtocreatesharedawarenessandmental
modeloftheoperationsafteradifficultcaseinvolving(too)complextasks,manyinformantsstatedthat
moresuchoptionswouldbewelcome.Thisshowedthatsomesub-organizationsdidhavestructures
fordebriefinganddefusinginplace,whileotherswerestrugglingduetolackoftimeandresources.

OnetestimonyshowingthattherecouldbegreaterfocusonmoredebriefwasgivenbyS13:
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Jeg føler at det er blitt mindre og mindre å lære av det man gjør, fordi at man får ikke… man ser 
pasienten, man hører pasienten i et bitte lite tidsvindu, man vet ikke hva som skjedde før, man får 
et lite resyme, så sender man ut ressurser og får hjelp av pasienten, og så vet man ingen ting, vi får 
ingen feedback på hvordan det går med pasienten. Og det er jo veldig utilfredsstillende, for vi mister 
jo den læringsbiten, at man vet om man faktisk gjør rett eller… [I feel that it has become less and 
less to learn from what you do, because you do not get… you see the patient, you hear the patient 
in a tiny window of time, you do not know what happened before, you get a short summary. So you 
send out resources and get help for the patient, and then you know nothing, we get no feedback on 
how the patient is doing. And it is very unsatisfying, because we lose that learning bit, that you know 
if you are actually doing right or…]

Inconclusion,thepresentstudyshowedthatdeeperinsightsonlearningcouldprovidefurther
knowledgerelatedtoSAandTC,andhoworganizationsmayprepareforit.

INFoRMATIoN QUALITy AND TASK CoMPLEXITy

Relevance of Information
Specificknowledgeelementswhicharestoredsomewhereinthesystem–eitherviamentalmodels
inguidelines,rituals,proceduresorhabits,butalsoelementsspecificallystoredbyeachactor–were
relevantforthisstudy.Thesetypesofinformationcouldberetrievedandappliedwhennecessary.In
thisstudy,particularlyasregardstheassessmentofriskandsafety,butalsowhenitcametofinding
outwhat todowithpatients orwhere toget further resources, all actors had specific roles and
responsibility.Thishelpedthemtoassessandproviderelevantinformationfortheongoingprocesses.

As an example, the helicopter rescuer (Redningsman) reflected on his/her responsibilities
connectedtohowtosalvagepersonsfromaship.S10:

For hvis jeg hadde brekt en arm på båten så hadde på en måte de vært overlatt til seg selv, for da 
hadde vi ikke hatt noen backup. Mens i havet så er det… selv om bølgene var store så var det ikke… 
havet er ikke så hardt, det er litt mykere enn stål, så… [Because if I had broken one arm on the boat 
then in a way they would have been left to themselves, because then we would have had no backup. 
While in the sea it is ... even if the waves were big... the sea is not so hard, it is a bit softer than steel, 
you understand.]

Whilethispieceofinformationconcerninglogisticswastobeassessedbytherescueoperator,
otherpositionsinthecrewwereinchargeofotheraspects.Forinstance,questionsconcerningthe
approachonmedicalissuesweretakencareofbythemedicaldoctoronboard.S11gaveagood
insightintoresponsibilitiesbydifferentrolesatthe330squadron:

Hvis det er medisinske oppdrag hvor de vil diskutere om man skal bruke helikopter eller legebil så 
ringer vi til legen på vakt. Og så bestemmer jeg. Og så… er det helt åpenbare medisinske hendelser 
hvor AMK melder til HRS [Joint Rescue Coordination Center] at de vil ha et helikopter, og da 
sender HRS da alarm til oss. Og så er det da helt åpenbare redningsoppdrag hvor HRS får en 
melding som da… hvor de da sender oss ut direkte. Men hvis det skal diskuteres, altså hvis det er en 
diskusjon rundt skal/skal ikke osv. så er det legen… [If there are medical assignments where they 
want to discuss whether to use a helicopter or medical car then we call the doctor on duty. And then 
I decide. And then ... there are obvious medical events where AMK reports to the JRCC [Joint Rescue 
Coordination Center] that they want a helicopter, and then JRCC sends an alert to us. And then there 
are completely obvious rescue missions where JRCC gets a message... where they then send us out 
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directly. But if it is to be discussed, that is if there is a discussion about should / should not etc. then 
it is the doctor who decides.]

Itshouldbestatedthatourdatademonstratehowtheseaspectsareadditionallyconnectedto
issuesofbackgroundandprofessionalization.Bothobservationandinterviewsshowedhowfurther
experienceandbackgroundcreatedfurthercapability.Alsoteamworkandintegrationintotheteam
viaworkshopsandexercisesseemedtodosomethingtoincreaselegitimacyandtrust.This,inturn,
seemed to affect task complexity, albeitmoreon aperceptive - or subjective - level rather than
objectivelymeasurable.TaskswerecharacterizedascomplexbyS05when:

Det er skadepotensialet eller risikoen vi utsetter våre ansatte for. Og en del prosedyrer de da må 
følge på det området som går på beskyttelsesutstyr og du har lov å gjøre sånn og sånn og ikke sånn. 
Jo større skadepotensial, jo mer komplekse blir prosedyrene. [It is the potential injury or risk that 
exposes our employees. And some procedures the employees have to follow are about protective gear. 
The greater the potential for injury, the more complex the procedures become.]
Also it was mentioned that “Du har prosedyrene, men de er jo bare en liten byråkratisk del i alt 
dette her. Det er jo erfaringer, utdanningen, personlighet, kombinasjon av mennesker, hvor mange 
mennesker, altså kompleksiteten, det er jo så vanskelig at det er bare noe du må forholde deg til og 
vite at det er der. Men det er jo det… alt påvirker jo, sånn at det samme vaktlaget i dag kan jo ha 
helt annerledes i morgen.“ [You have the procedures, but they are just a small bureaucratic part of 
all this. After all, it is the experience, the education, the personality, the combination of people, how 
many people, that is the complexity, it is so difficult that it is just something you have to relate to and 
know that it is there. But that’s it ... everything creates effects, after all, so that the same team today 
may have completely different tasks tomorrow.]

Whileexperienceistoucheduponinsomeofthefindings,achoicehadtobemadenottoplough
toodeeplythere,asitwouldgobeyondthelimitsofthestudy.

Timeliness
Timelinessofinformationreferstotheactorhavingavailablerelevantinformationathandwhenitis
needed.Thisalsomeansthatsomeinformationshouldnotbegeneratedtooearly,asitwouldnotbe
relevantbythen,oritwouldtakeuptoomanyofthecapabilitiesconnectedtosituationawareness.
However,thestudiedsub-organizationsshowedthatitwascrucialthatinformationbetimelyandmore
orlessstandardizedinordertocreateasolidmodelofpotentialscenarios–particularlyinformation
by the first responders.This timely initiativewas regardedas themain factor for success in the
operations,aswecanseefromthefollowingstatementbyS15:

Og når man da kommer fram så har man en inngangsverdi for å skaffe seg ytterligere presis 
situasjonsforståelse og mens de i større deler denne hvis man har den tidlig. Og da vil igjen det 
være en eksponentiell effekt av det, hvis situasjonsforståelsen kommer kjempetidlig så vil en [uklart] 
38:20 tidlig, og bli oppfattet av flere tidlig. Og det er avgjørende for å lykkes egentlig. [And when you 
arrive then you have a start knowledge to gain even more precise situational understanding and it is 
profitable if you have it early. And then again it will be an exponential effect of that, if the situational 
understanding comes at a timely pace then understanding will be early, and will be perceived by 
several early. And it is crucial to succeed really.]

Thisfirstinformationpreparedactorswhowillhavetoperformtasksconnectedtothepatient
onalaterstage.Whethertheinformantswerefromambulancedrivers,the330helicoptersquadron
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orthehospital’semergencyroom,allstatedthatithelpedtohaveabettercomprehensionofwhat
theycouldexpect.

However,asmuchasthetimelyaccumulationofinformationwasvalued,itwashighlightedseveral
timesthat-inmanycase-,taskshavetobeperformedwithoutaccesstocompleteinformationand
situationawareness.Asaresult,theactors,eveniftheywereawareofincreasedTCwithpotential
informationdeficit,hadtotakeactionbecauseoftimescarcity.ThefollowingstatementbyS15also
providesagoodinsight:

En må organisere seg. Ikke overorganisere seg og ikke oversikkerthetstenke, men begynne å organisere 
seg sånn at kaosfasen blir kortest mulig. For kaosfasen er alltid der og det er bare å akseptere at den 
er der. Og da er vi over i driftsfasen. Og da er det så fort som mulig å få flest mulig folk ut i feltet for 
å redde liv. Gi fri luftvei, legge i sideleie, stoppe blødninger, forebygge hypotermi. [One has to be 
organized. Do not over-organize and do not think about uncertainty, but start to organize in such a 
way that the chaos phase (uncertainty) becomes as short as possible. Because the chaos (uncertainty) 
phase is always there and you just have to accept that it is there. And then we go over in the operational 
phase. And then it is to get as many people as possible, as fast as possible, into the field to save lives. 
Provide free airway, lay them on their sides, stop the bleeding, prevent hypothermia.]

While timeliness was so closely connected to the information variable used in this study,
severalaspectsoftimemayprovetobeavariableconnectedtocomplextasksthemselves(similarto
professionalization);yetitwouldgobeyondthelimitsofthisstudytoexpandfurtheronthistopic.

Information Coordination and Information Hubs
Previousfindingsofthisstudyindicatethatgoalsmaybesectionedintosub-goals,whichmayimpact
task complexity. However, information flow is also sectioned. The data shows how important a
structureandthesectioningofinformationcoordinationcanbe,particularlywhenitcomestoincidents
involvingalotofresources.Theobservedsystemevenwentasfarastoprovidetwooperationalhubs
whichbothcoordinatedinformationandthemovementofmedicalresources.

During exercise NORD 2019, operational level land-based tasks were coordinated by the
Ambulancecommunicationcenter(AMK)(aspartofthejointplanningheadquartersbyambulance,
police,firebrigade-calledSAMLOK-ledbythePolice),whilethesea-basedactionwascoordinated
bytheJoint Rescue Coordination Center(JRCC).Thisledtotwoalmostindividuallydrivennetworks,
connected to each other only to a minor degree. Information on available resources and overall
prioritizationofeitherland-orsea-basedpatientsbyair-borneresourceswerecoordinatedbythose
twocenters,withlittleornoexchangeofinformationbetweentacticalresources.S15couldshed
somlightonthechallenges:

Sånn som det var lagt opp eller sånn som det ble i denne øvelsen så har du faktiske en landoperasjon 
og så har du en sjøoperasjon. Og innsatsleder politi er leder på land, og on scene coordinator er leder 
på sjøen. Så her hadde du på taktisk nivå to forskjellige operasjoner som foregikk parallelt som var 
veldig lite avhengig av hverandre. Ledelse for on scene coordinator det er hovedredningssentralen. 
Ledelse for det som skjer på landoperasjonen det er det vekselsentralene, altså politi, brann og helse. 
Så til og med på operasjonelt nivå så hadde du to operasjoner pågående som var ganske lite avhengig 
av hverandre. [As planned for in this exercise, you actually have a land operation and then you have 
a sea operation. And the chief of police forces is the leader on land, and the on-scene coordinator is 
the leader at sea. So here you had on a tactical level two different operations that were going on in 
parallel that were very little dependent on each other. The management for the sea-based on-scene 
coordinator is the Joint Rescue Coordination Center. Management for what happens at the land 
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operation are the coordination centers for police, fire and health. So even at the operational level 
you had two operations going on that were quite little dependent on each other.]

Nonetheless,S14statedhowimportanttheseplatformsandpotentialinformationhubswere:

Og ved en stor hendelse, sånn som Øvelse Nord, hvor vi kanskje må jobbe på tvers av foretak på et 
nasjonalt nivå, da er det kjempeviktig at vi alle har en felles plattform som er lik for alle sammen. 
[And at a big event, such as Exercise Nord, where we may have to work across organizations at a 
national level, it is crucial that we all have a common platform that is the same for everyone.]

Anabsenceofexchangebetweencoordinationresourcesonthetacticallevel,whethergoodor
bad,wasclearlydisplayedattheincidentleadercommandsite(ILKO)positionfortheland-based
incident.Thehelicopterresourceswereallusedinthesea-basedactiontoliftpeopleofftheboat.
Yet,bothincidentleaderhealth(ILH)andtheILKO-incidentleaderstatedthattheirSAwassuch
thattheycriticallyneededhelicopterresourcestotransportcriticallyinjuredpeopletothehospital.
However,itseemedtheydidnothavetheabilityandlegitimacytocontactthetacticalresourcesof
thesea-basedaction.InthewordsbyILH(S16):

på en måte at det ble to skadeplasser. Men for min del så tror jeg jeg hadde evig nok med den 
informasjonen som vi hadde på det skadestedet. Og ved ressursbehov osv. så føler jo jeg kanskje at så 
lenge jeg forholder meg til innsatsleder [Police] så er det hans jobb på skaffe til vei det som trengtes. 
Så jeg føler vel ikke at jeg hadde behov for å høre på det ute på ferga også [in a way there were two 
incident areas. But for my part, I think I had enough with the information we had at my incident 
site. And when it comes to resource needs, etc., I feel that as long as I relate to the incident leader 
[Police], it is his job to get what is needed. So I don’t feel that I needed to listen to the information 
from the ferry as well]

NeitherdidtheILHfeelthattheywerefullyheardwhentheywereintouchwithAMK(land-
basedcoordination),inorderforthemtonegotiatemorewithJRCC(sea-basedcoordination)tofree
helicopterresources.WhetherthiswasonlyILH’sperception,whetherJRCCandAMKmadethe
decisionnottorelocatetheresourcestogetherbasedonavailableinformation,orwhetheroneofthe
coordinationhubshadmoreauthoritytodecideovertheresourcesnotbasedonavailableinformation,
canatthisstagenotbesaid.Whatcanbeassessed,however,isthatinformationcoordinationand
hubswerenotprovidingsatisfactorySAattacticallevel,thuscreatinginefficientextrasub-paths
whenactorsseekedtofindoutmoreortriedtobeheard.

The above paragraph indicates another important point when it comes to the information
coordinationfunction.It isconnected to theauthorityandsoundof informationcommunication.
Whileonanoperationallevelitcanonlybespeculatedthatthismaybeanissue,onatacticallevel
severalsourcesstatedthatthedegreeofauthoritativenessandloudnessaswellasthetypeofbody
languageactorsusedtoconveytheinformationwouldinfluencetheeffectofdeliveringtheinformation
andthereceivers’awarenessofitsrelevance.S13,forinstance,statedthat“noen er tunghørte og så 
snakker de litt høyere og så… Noen er mer ivrige og av og til så er det litt unødvendig prat, det er 
det”[somedonotlistensowellandthentheytalkalittlelouderandthen...Somearemoreeager
andsometimesthereissomeunnecessarytalk,that’sit.]

AlsoS14offeredaninsightfulobservation:

Og det er klart at de som er litt sånn sammensunkne, litt forsiktige og stille, de når ikke like godt 
fram. Hvis du er rett i ryggen, brystet litt fram og bruker litt tydelig stemme så blir du lagt merke 
til. Det er veldig, veldig tydelig. Det har mye å si. [And it is obvious that those who are a little more 
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reserved, a little cautious and quiet, they do not reach as well. If you are straight in the back, chest 
slightly forward and use a clear voice then you will be noticed. It is very, very clear. It has a lot to say.]

overflow of Unprocessed-Lack of Processed Information
Theaspectwhichtheinformationhubstrytoovercomeisnotonlythebaredistributionofresources.
Thesecondobjectiveofinformationhubsappearstobeconnectedtothedistributionofinformation,
asisreflectedbyseveraldifferentaspects.

Ontheonehand,thereareactorswhoarepresentedwithanoverflowofinformation.Inthis
case,actorsmayeitherhavetodealwithtoomuchunprocessedorless-relevantinformation.Ifthe
timeaspectinthosesituationsisnotcritical,andtheactorshaveenoughresourcestohandlethe
information,theyhavethecapabilitytocreateadditionalSAwiththeinformation.Yet,incaseof
lackoftimeorextremefocusonatask,thistypeofinformationmayconstituteahinderandthe
informationhubsmaycounteractthis.

Similarly,whenitcomestotaskcomplexity,theintervieweesmentionedthatthey(asanactor)
onlyhadacertainamountofoverallcapabilitytogiveorreceiveinformation.Thismeantthatwrong
timingcouldleadtoinformationbeingheldornotgettingthroughtotheintendedrecipient.Itcould
alsomeanthatprocesseswereinterruptedifthecommunicationwasnotgoingseamless,orifthe
recipientwascurrentlyoccupiedwithademandingactivity.Forinstance,ahelicopterpilot(S11)stated:

Du prøver å filtrere ut mye når du… hvis man hører mye på radio. Men samtidig så hender at vi 
bare sier at nå må vi… nå må dere slutte å prate til oss for vi… La oss si man står i en type sånn 
heiseoperasjon hvor man står og heiser på en båt som beveger seg. Da kan ikke piloten sitte og 
prate på radioen, da må… vi er opptatt med å fly, maskinisten og systemoperatøren er opptatt med 
å heise, og lege og redningsmann er opptatt med å heise inn eller heise ut. [You try to filter out a 
lot when you ... if you listen a lot to the radio. But at the same time we just say that now we have to 
... now you have to stop talking to us before we ... Let’s say you are in a kind of lift operation where 
you stand and lift on a moving boat. Then the pilot can’t sit and talk on the radio, then ... we have 
to fly, the machinist and the system operator are busy hoisting, and the doctor and rescuer are busy 
hoisting or hoisting out.]

Ontheotherhand,theremaybeactorswhoarepresentedwithalackofrelevantinformation,
whenthesystemornetworkaroundthemisnotcapableorawareofprovidingtherelevantinformation.
Anotherobservedcauseinthedatawaswhentheactorsthemselveswerenotcapableofextracting
therelevantprocessedinformationoutofthepatientorthelogistics.Inourmaterialwefoundan
arrayofexamples,whichalsoincludeanoverflowofirrelevantinformation:

Jeg følte jo på en måte det hele tiden at jeg klarte stort sett ikke å få hodet over vannet holdt jeg på 
å si, i og med at jeg ble såpass nedjammet av informasjon. […]. Ja som du sier, tiden gikk jækla fort 
når du ble nedlesset av informasjon. [I felt, in a way, all the time that I was unable to get my head 
above the water, as I was loaded up by them with information. [...]. Yes as you say, time went by fast 
when you were overloaded with information.] (S16)

Itcanalsomeanalotofirrelevantinformationandnoise:

Men av og til så kommer det inn ting der som er uviktig, som ikke burde ha vært der men som jeg tror 
går på kapasiteten på hvor mange talegrupper kan det være på. Hvis du har bare en terminal så må 
du velge en der alt foregår. [But sometimes things are mentioned there that are unimportant - things 
which should not have been there. I think this affects the capacity of how many speech groups there 
can be. If you only have one terminal then you have to choose one where everything is going on] (S12)
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In this light, a capability for the communication of information is particularly crucial.
However,dependingonthesituationandtheactorathand,therearesomefactorsthatmayimpact
onthetransmissionoftheinformation.Thestudyshowedthat,particularlywhenitcametooral
communication,bothsoundandtimingwereafactorthataffectedthetransmissionoftheinformation.
ThisisdemonstratedbyanexamplefromexerciseNord:onthetacticallevel,therewasalotofnoise
productionduetohelicoptersflyinginandout.Thismadethetaskofcommunicatingforcreating
jointSAmorecomplex.

Information Technology: Efficiency of Information Flow
Inordertolowerthepotentialforlackoftimelyandrelevantinformationandoverflowofirrelevant
information,allorganizationsinthestudyhadadoptedtechnologiessuchasprocedures,toolsand
IT-baseddecisionsupportsystems.

Themultitudeofthesetechnologiesshowshowspecializedsomeofthecomplextasksare.Yet
sometoolsobservedinthestudywerejointlyusedindifferentorganizations,aswasthecasefor
somemoregeneralpractices.Ingeneral,itcanbesaidthatformostoftheparticipantstheprincipal
aimofthetechnology,wastoprovidequickerrelevantprocessedinformationifneeded.Additionally,
sometechnologywasrelevanttopassinformationfromoneactortoanother,forlogkeepingandto
providebrainstorm-ordecision-makingcapability.Particularlywhenitcomestothepassingonof
information,severalfactorswereraisedconcerningthetechnology.

First,thereseemstobeacurrenttransitionphasefromphysicaltodigitalinformationsystems.
Informationsystemsarealsobecomingmoreautomatized.S13highlightedthebenefitsofautomatized
ITthroughthefollowingexample:

4-6 år siden da var det et cruiseskip som gikk på grunn i Lofoten. Og det er klart at da er det lite med
3 personer. Men det gikk jo heldigvis bra. Men han som var ambulansekoordinator… jeg er sikker
på han hadde flere hundre telefoner… nei det blir kanskje litt mye da, men kanskje 100 telefoner,
og må ringe til alle mulige slags legekontor, han må ringe til kommunelege, han må ringe å få inn
sykehusleger. Så det er et stort apparat som skal hentes inn. Men nå har vi denne UMS som vi…
Uniformed Message System der vi sender ut digitalt, så der kan vi nå de fleste rett og slett med en
melding på telefon. Og det blir letter det, det er det. [4-6 years ago there was a cruise ship that crashed
in Lofoten. And obviously three people at the coordination center is little. But luckily it went well. But
the ambulance coordinator ... I’m sure he had hundreds of phones ... no it may be a bit much then, but
maybe 100 phones, and he needed to call all kinds of doctor’s offices, he had to call the municipal
doctor, he needed to call to get hospital doctors. But now we have this UMS... Uniformed Message
System where we send out digitally, so there we can reach most people simply with a message on the
phone. And it gets easier.]

AlsoS09emphasizedthat:

Det er jo det med kartet som jeg sa, at vi får inn alle nye adresser i kartet. Ellers så har vi bra system 
synes jeg. Jeg har jo vært her så lenge at vi satt og skrev med penn og papir, så jeg synes jo det er 
helt fantastisk at vi har her og at alle ser hva de andre skriver. [When it comes to the map, we should 
get all new addresses in the map. Otherwise, we have a good system I think. I have been here for so 
long. We sat and wrote with pen and paper, so I think it is absolutely wonderful what we have now 
and that everyone sees what the others write.]

Liketheintervieweesstatedabove,inthepastthereweremanysituationswereinformationhad
non-perfectconnectionpointsfromoneactortothenext.However,non-perfectconnectionpoints
werestillobservedinthisstudy.:Thisincludedpotentiallossofinformationandadditionalpathsof
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taskperformancewhichneededtobedone.Asanexample,informationhadtofollowapatientona
physicalsheet(ambulance;hospital)atthesametimeasdigitalinformationonthatsamepersonexisted
intheonlinejournal.Thiscouldproducedoublettedversions.Also,copyingphysicaldocumentsinto
adigitaldatabasecausedextratimeandtheinformationsometimeswasnotfollowingthepatient
inrealtime.Althoughasmoothertransferofinformationdependsonconfidentiality,severalactors
statedthat:

i hvert fall en stor gevinst er å ha et felles journalsystem, at man har samme journalsystemet pre-
hospitalt, på legevakt og på sykehuset. For jeg tror veldig mye informasjon rett og slett forsvinner i 
og med at man ikke bruker det samme. For eksempel hvis man hadde hatt elektronisk journal, at det 
jeg skriver kommer direkte på sykehus for eksempel. For vi ser jo det at selv om jeg har fylt ut en fin 
og flott papirjournal så er det ingen som gidder å lese den, den blir bare lagt bort liksom. Og så er 
det kanskje viktig informasjon som… selv om du har sagt det så er det så mye som skjer samtidig at 
det forsvinner. [in any case, a great benefit is to have a common medical record system, that you have 
the same medical record system pre-hospital, at the emergency room and in the hospital. Because I 
think a lot of information simply disappears as one does not use the same. For example, if you had 
an electronic journal – what I write comes directly to the hospitals, for example. Because we see 
that even though I have filled out a nice and beautiful paper journal, no one bothered to read it, it 
just gets put away somehow. And then maybe there is important information that ... even if you said 
it, there is so much going on at the same time that it disappears] (S6)

Second, almost all actorswereworkingwithvisualization tools suchasmaps, screenswith
overviewtables,colorcodes,etc.Onanoperationallevel,thesub-organizationshadfixeddevices
andwererelyingheavilyonthevisualizationtoolsfortheirownsituationawareness.Onatactical
level,thiswasadifferentpicture.Inambulancecars,theITsystemwithvisualizationwasinplace,
howeverassoonasitcametothecoordinationfunction(e.g.Incidentleaderhealth(ILH)),mostly
paper-penandradiocommunicationwereusedtomanageinformation.Oneactorsaid:

jeg har stor tro på teknologi, men akkurat når det gjelder taktisk ledelse så skal taktisk ledelse være tett 
på, du skal bruke hjelpemidler som er lett å håndtere og som ikke tar kapasitet fra den taktiske lederen. 
Og så kan man se for seg droner, skjermer og hjelmkamera, you name it, men det vil ikke avhjelpe i 
den situasjonen her. Tvert imot, det vil bare medføre mer white noise og mer informasjonsinntrykk på 
de lederne som er der. Så bruk av audiovisuelle hjelpemidler i et taktisk innsatsleder-KO [kommando], 
det ser jeg ikke så veldig stor verdi i [I have a lot of faith in technology, but just when it comes to 
tactical leadership, tactical leadership should be focused, you should use tools that are easy to handle 
and that do not take the capacity of the tactical leader. And then you can imagine drones, screens 
and helmet cameras, you name it, but that will not help in that situation here. On the contrary, it will 
only cause more white noise and more informational impressions on the leaders who are there. So 
the use of audio-visual aids in a tactical incident leader, I don’t see that much value here.] (S15).

Otherareasonatacticallevel,suchasthe330squadron,werealsomostlyfocusingonradio
communicationwhenitcametoinformationandsituationawareness.Inaddition,however,theywere
usingmmsandmobiletelephonestotransmitpicturesforabetterunderstandingofthetask.Inthe
wordsofoneoftheinformants:

For eksempel, skredkart. Få det skriftlig. Der har vi liten tilgang. Og så bilder. Hvis det er bilder av 
et skadested, for eksempel hvis du kan få det inn fra politi til HRS som kan sende det, om så bare per 
telefon, en MMS, det vil gi oss et godt mentalt bilde på hva som møter oss når vi kommer fram. Og 
det er veldig sjelden vi gjør. Og det er noe vi kan gjøre per i dag. Vi kan be… send oss et bilde, og 
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så får du… så kommer du fram enda bedre forberedt [For example, avalanche maps. Write it down. 
There we have little access. And then pictures. If there are pictures of an injury site, for example if 
you can get it from the police to the HRS who can send it, if only by phone, an MMS, it will give us a 
good mental picture of what is facing us when we arrive on site. And here comes something we very 
rarely do – and that’s something we could do today. We can ask… send us a picture, and you will… 
then you will come even better prepared] (S12). 

Theywereclearlyopenformore.Asanexample,the330staffwasattimesusingbody-camsto
recordtheiractivityandachievebetterdebriefandlearningpossibilities–whichinturnwasintended
toraiseSAintheaftermathofincidents.

Third,thesafetytelephonenetwork“Nødnett”,whichisasetofemergencyradiocommunication
lines,wasamajorresourcetodecreasethelevelofcomplexityandincreasesituationawareness,
particularlywhenbeingusedaccordingly.Someoftheinformantscompared“Nødnett”tothesystem
beforeandstatedhowitmadetheprocessofinformationtransmissioneasier:

Sånn at den digitaliseringen der vi kan snakke igjennom verktøyene til våre ressurser gjør jo at 
operatøren har kapasitet på å gjøre mer, kan bruke tiden sin mer dedikert. Bare utviklingen av 
nødnettet har jo gjort det at kapasiteten til operatøren kan brukes på andre ting enn å sitte og ringe i 
telefon. [The digitization where we can talk through tools to our resources makes the operator have 
the capacity to do more and use his time more dedicated. Just the development of the emergency 
network has already meant that the capacity of the operator can be used for things other than sitting 
and calling on the phone.] (S05)

Yet, they alsomaintained that itwasvery important tokeep focusingon the relevancy, the
timelinessandthequalityoftheinformation,otherwisetheperceivedlevelofTCseemedtoincrease
again.Thisissomewhatconnectedtotheneedbyallactorsofajointmentalmodelofwhatwasworth
informingabout.Incaseirrelevantinformationorunprocessedinformationwasdelivered,thiscould
havethesamedisturbingeffectasfactorsfromtheexternalenvironmentsuchashelicopternoise,
windetc.,astheyallputchallengesontheSAaroundtheactor.

Fourth,thisstudyrevealedhowimportantthecoordinationfunctionwasforthewholenetworkof
actorsinordertolimittaskcomplexity,anissuewhichisfurtherexpandedinthechapteronInformation
“coodinationandInformation”hubs.Additionally,furthercapabilitiestomanagesituationsrequiring
acooperationofhealth,policeandfirebrigade-resources(“trippelvarsling”)wereimportant.Inour
material,thepointwasraisedseveraltimesthatithadincreasedthesecapabilitiestointegratethe
operationalcentersofthethreeorganizationsinonebuilding(thesocalledSAMLOK).Interviewees
fromtheAmbulancecommunicationcenter(AMK),pointedoutthatthishadhelpedtogetmore
directfeedbackfromeachotherandthatSAMLOKhadincreasedtheoverallunderstandingofeach
other’sorganizationsandtasks.Inaway,itbothestablishedajointmentalmodelandincreasedthe
baseofinformationonhowtocooperate,definedtheboundariesofeachorganizationandwhatcould
beexpectedofeachother.S13stated:

Ja det er jo ting de ikke forteller oss og vi har jo ting vi ikke kan fortelle dem. Vi hadde et sånn… sist 
gang vi hadde kursdag så hadde en sånn samling med politi, brann og vi fra AMK-sentralen [som er 
alle del av SAMLOK]. Og det blir jo nyttig, fordi at vi hadde vår advokat, politiet hadde sin advokat. 
Og det er klart at begge parter har nytte av å skjønne at man har forskjellig regelverk eller lovverk 
å forholde oss til. Men av og til så blir jo politiet litt overgitt at de ikke får informasjonen de trenger. 
Eller de føler de trenger. De føler de skal ha. Men enkelte ganger har ikke vi lov å opplyse om noe. 
Og det er klart at de kan bli sinte, men det er det som vi må forholde oss til. [Yes, there are things they 
do not tell us and we have things we can not tell them. We had one issue like that ... the last time we 
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had a training day, we had such a gathering of police, fire and us from the AMK Central [which are 
all part of SAMLOK]. And it will be useful, because we had our lawyer, the police had their lawyer. 
And it is clear that both parties benefit from recognizing that we have different regulations or laws 
to deal with. But sometimes the police are a little surrendered that they do not get the information 
they need – or they feel they need – they feel they should have. But sometimes we are not allowed 
to disclose anything. And it’s clear that they can get angry, but that’s what we have to deal with]. 

DISCUSSIoN

ThepresentstudyanalysesSAundertaskcomplexity.Itestablishesamodel(seeFigure1)wherethe
variable‘informationquality’playsamorecentralroleforTCthanhaspreviouslybeenindicatedby
studiessuchasHæremetal.(2015)andCampbell(1988).Thefirstpartofthefindingsenabledusto
modifyandextendthemodelbyHæremetal.(2015)andCampbell(1988)inthecontextofsituation
awareness.Thesecondsectionpostulatedtheimportanceoflookingmoreindepthatinformation
whendiscussingthemodeloftaskcomplexity.

How Situation Awareness Connects to Information and Task Complexity
LookingbackatthestudiesbySeppänenetal.(2013),Hæremetal.(2015)andCampbell(1988),
itbecomesclearthatthevariables‘taskcomplexity’and‘situationawareness’shouldbedependent
ofaninformationvariable.Wehaveendeavouredtoillustratethispointclearlyinthepresentstudy.
FindingsincludethedescriptionofanavalancheoperationwhereS11mentionedhowthedifferent
actors,evenaftersometime,“ville sitte med forskjellig situasjonsforståelse”[wouldhavedifferent
situationawareness].Inaddition,thesetofsub-tasksbyseveralactors-whichneededtobeperformed
toactuallyacquireenoughinformationtounderstandsomeaspects,e.g.“at det var trygt”[thatit
wassafe]-wascrucial.Inotherwords,onestringofinformationcanbeconnectedtoanawareness
oftheoveralljointmentalmodelofthesituationforalltheinvolvedactorscompare(Coffey,2012;
Rimstadetal.,2014).Atthesametime,informationmaycontributetoconnecttoamultitudeof
tasksfortheorganizationsandsub-taskswhichneedtobeperformedbyindividualsdependingon
assessedcriticalityandSA(Gerdtz&Bucknall,2001).

ThestudyisconsistentwithliteratureinareaswhereadditionalSAcapabilityisneeded(Chung,
2005;Endsley,2017;Gerdtz&Bucknall, 2001),or at leastpotentiallyneeded.The“potentially
needed”seemstobeakeyaspecttotheperformedresearchstudy,asactorsconstantlyneededto
assesscriticalityandhowurgenttaskswere.Theyhadtoupdatetheirassessmentoncapabilitiesand

Figure 1. Situation awareness under task complexity–the role of information quality
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gainanawarenessofwhattheworstcasescenariocouldlooklike.Ingeneral,thestudyalsoconfirms
what(Coffey,2012;Rimstadetal.,2014)state,namelythatthenetworksofactors(bothwithinand
withothersub-organizations)areimportantsourcesofinformationtogainsituationawareness.

Yet, theotheraspectwhichwasoftenraisedfirst, issafetyandriskawarenessoftheactors.
ThispartofSAprovidesadditionalimportantstringsofinformationthatintheendmaketheactors’
tasksmorecomplex.Proceduresandcommunicationstandards,suchasthoseforpotentialchemical,
biological,radiologicalandnuclear(CBRNE)material,aswellaspersonalsecurity-relatedaspects
(e.g.ongoinglife-threateningviolence(PLIVO)),shallprovideadditionalsupport.Co-dependency
ofactors(e.g.“både egen og gruppesikkerhet er viktig»[bothone’sownsecurityandgroupsecurity
isimportant](S11))increases.WhilethetheoryrelatedtoSAdoesnotrefertosafety,studiessuchas
Endsley(2001)andWrightetal.(2004)pinpointtheimportanceof“elements in the environment”.

Finally, it is also via Endsley (2001) and Wright et al. (2004) that the connection between
information,TCandSAcanbeexplained.Theconnectionisbyalargedegreedeterminedbyadynamic
element(Gabaetal.,1995),aswasalsostatedinourmaterialbyS04:“Det er jo å gjøre de samme 
vurderingene på nytt flere ganger gjennom et oppdrag“[Itis,afterall,tomakethesameassessments
againseveraltimesthroughamission.].Informationfromtheenvironment,thecurrentsituationand
thepotentialfuturesituation(Wrightetal.,2004)acquiredbytheactorsprovideunderstandingof
theTCandofwhatpotentialtasksare.Further,thiswillfeedtheSAvariable(withintheambulance
network),whichinturnitselfisdependentonasetofotheractors’taskcomplexitiesaswellason
theinformationwhichisalreadyavailableinthesystem.TheaccumulatedSAwillconsequentially
conveymoreandnewinformationtotheactors.

Understanding Task Complexity
CentraltoTCby(Campbell,1988;Hæremetal.,2015)arepath-,tie-andgoaldependency.The
currentstudyisequallycapableofdemonstratinghowtheseattributescontributetotaskcomplexity.
Particularly when it comes to path- and goal dependency, the findings shed light on how the
organizationisexposedto,andhastohandle,TC–asitisexemplifiedbyalltheproceduresthatare
inplacetostreamlinethepotentialpathsandincreasegoalawareness(cfrS05“vi tenker veldig sånn 
systematisk abcde… enkelt”)[wethinkverysystematicallyabcde...easy].

Inaddition,thefindingsofferconsiderableinsightsintothemultitudeofactorsinvolved,the
arrayofactionstheyundertake,aswellasthemyriadofsub-structures(e.g.land-andsea-based
operationsduringexerciseNord)andsub-goals.Thesefactorsdividethecomplexsystemintoseveral
complextasksforsub-groups(e.g.trauma-teamintheemergencyroom)andindividuals,whoattimes
arecompetingforthesameresourcesandstatingclearlyhowcriticaltheirtaskis.Thereisadistinct
echoofCampbell(1988)here,wherebothconflictinginterdependenceandpresenceofuncertainor
probabilisticlinksarepartofwhatdefinestaskcomplexity.

The existence of information cues is discussed by Hærem et al. (2015). Even though they
somewhatintegrateinformationintotie-dependency,theyalsohint–somewhatcontroversially-that,
theoreticallyspeaking,informationcuesshouldbeavariablebesidestaskcomplexity.Thecurrent
studyagreestothisstatement,asthemultitudeofthefindingsshowhowTCcanbeinfluencedby
informationcuesgoingfarbeyondwhatisdiscussedbyHæremetal.(2015).Tobemoreprecise,
Hæremetal.(2015)seemnottotakeaccountofthedouble-edgednessoftheinformationvariable;
perhapsthisisthereasonwhytheyrefrainfromaddinginformationtotheirformula,anduseties
instead.However,thefindingsofthisstudycompelustodigdeeperintotheapparentinformation
variable,andintotheroleofSAundertaskcomplexity.

Establishing the Information Variable
OurtypeofassessmentissimilartothediscussionbySchoonhovenetal.(1980),whopointoutthat
theroleofinformation,whenconfrontedwithacomplextask,istoacquiremoreknowledgeaboutthe
actualobjectiveofthetask.Inourmaterial,thiscanbequestionsrelatedtosub-goals,suchas‘Isit
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safehere’,‘isthepatientorthegroupofpatientsinacriticalsituation’,‘arethereavailableresources,
whenwilltheyarrive’,‘whoisresponsibleforwhat’,etc.Theestablishedproceduresorprocesses
alreadyprovideabaseofinformationdesignedtohandlepartsoftheTCathand.

WhereasWeickandSutcliffe(2015)demandthattheseprocessesbenotoverlysimplifiedthe
presentstudyonlyagreestosomeextent.Yet,oursourcesdoincludestatementssuchas“sålenge
duhardet[baseavprosedyrer]såhardumulighetentilåværekreativogfinneløsningersomikke
passerinnidetverket,sålengeduhardetibunnen“[Butaslongasyouhavetheproceduresyou
havetheopportunitytobecreativeandfindsolutionsthatdonotfitexactlytotheprocedure.Aslong
asyouhavetheprocedureasabasis.](S05).However,incaseofincreaseoftheTCandshortage
oftime,severalinformantsalsomentionhowinsuchsituationstheprocedureshelptogetthemost
done“såfortsommulig”[asquicklyaspossible],sotheproceduresshouldbeassimpleaspossible.

Nonetheless,whatismostprevalentinthecurrentstudyisconnectedtoinformationquality,on
aparwith(Leeetal.,2002;Nelsonetal.,2005),aswellastothediscussioninthetheorysectionof
howprocessedtheinformationisatdifferentstages(seeWood(1986),Campbell(1988)and(Xia&
Lee,2005).Thefindingsinourmaterialshowthatadiversityofattributesconnectedtoinformation
alsocanimpactTCindifferentways.

ItisthetermofIQaspresentedbyLeeetal.(2002)thatcandescribethisdiversity.Whilemany
categorieshavebeencreatedforframingIQ(Leeetal.,2002),itappearsthattheonewiththeupmost
priorityinthisstudyisthecategoryofcontextualinformation.Relevanceofinformationisalsoacentral
category.Thisiswhyspecificknowledgeelementsstoredwithintheactorsaresoimportant.They
willfeedininformationbasedon“erfaringer,utdanningen,personlighet,kombinasjonavmennesker,
hvormangemennesker,altsåkompleksiteten”[itistheexperience,theeducation,thepersonality,the
combinationofpeople,howmanypeople,thatisthecomplexity](S05),ratherthanoverwhelmingthe
otheractorswithirrelevantinformationasdescribedbyWood(1986)andCampbell(1988).Likewise,
thefindingsshowthattrainedauthority,legitimizationandunderstandingoftheTCathandcanhelp
ifthereisactuallyachanceforoverwhelmednessduetotoomuchnon-relevantinformation(“nåmå
dereslutteåpratetiloss[…]vieropptattmedåfly,maskinistenogsystemoperatøreneropptatt
medåheise,oglegeogredningsmanneropptattmedåheiseinnellerheiseut”[nowyouhaveto
stoptalkingtous[...]wehavetofly,themachinistandthesystemoperatorarebusyhoisting,andthe
doctorandrescuerarebusyhoistingorhoistingout.](S11).Hereby,SAofoneactor’scapabilities
andunderstandingofthejointmentalmodelseemstosupportthelegitimizationtodeclarewhatis
relevantandwhatisnot.

Thisresonateswellwiththetimelinessaspectofinformation,astimeseemstobeconnected
totherelevanceoftheinformation.Thismeans,forinstance,thattheverysameinformationwhich
thehelicoptercrewwouldcutoutduringtheliftingoperationintheaboveexample,afewminutes
beforeoraftercouldhavebeenveryrelevant,oratleastreceivableindifferentmanners(compare
Wrightetal.(2014)).Timelinessseemsrathersubjective,astheactorsthemselvesmaybedifferently
inneedofacertaininformationatacertaintime.However,whatappearstobeofgreatimportance
inordertoframeSAconnectedtoajointmentalmodelisthetimely,firstacquisitionofinformation
onthesiteofanincident.S15states:“Ogdaviligjendetværeeneksponentielleffektavdet,hvis
situasjonsforståelsenkommerkjempetidligsåvilen[uklart]38:20tidlig,ogblioppfattetavflere”
[Andthenagainitwillbeanexponentialeffectofthat,ifthesituationalunderstandingcomesata
timelypacethenunderstandingwillbeearly,andwillbeperceivedbyseveralearly.Anditiscrucial
tosucceedreally.].

However,howdoactorsmakeuseofthistimelyinformation.Inordertokeeptrackoftherelevant
informationandtoinformactorsinatimelymanner,thepresentstudyenablesustoobservethe
importanceoftheroleofinformation-hubs.Thesehubshaveseveralfunctions,includingthedecrease
ofTCbycoordinatingsub-tasks.Actorspersub-networkbecomefewer,proceduresofeachother’s
organizationsbecomemorefamiliarandwaysofworkingmorepredictable.Allofthisalsoactivates
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increasedcapabilityforSAononefield,butdecreasesSAofthesystemonsomelevelsasawhole
(thesumofseveralhubs).

Theseinformationhubscanbeverycentralizedsub-organizations(Ambulancecommunication
center(AMK)andJointRescueCoordinationCenter(JRCC)),theycanbecertainactors/individuals
(Incidentleaderhealth(ILH))ortheycanbeaformoftechnology.Whattheyallhaveincommon
isthattheyareintersectionswhereprocessedandunprocessedinformationgetssortedandismade
availableforotheractors.Processedinformationofqualitystandsincontrasttotheinformationcues
descriptionbyHæremetal.(2015),Wood(1986)andCampbell(1988),asthelatterwillratherdecrease
thepotentialTCoftheactor.Thismaybeillustratedbythecontrastbetweenthefirst,processedon-
sitereportthatwillconveyprocessedinformationtothenetworkofactors,versuseachactorhaving
toprocesseverythingagainthemselves.

Technologyemergesas amajor aspect.Twostreamson technologydescribed in the theory
section come intoplay. The first technology are procedures and checklists (“Dumå jo alltid ha
prosedyreverkibunnensomsiernoeomhvordandetskalgjøres.”[Youalwayshavetohaveprocedures
atthebottomthatsaysomethingabouthowtodoit.](S05))whichsupportgoalorientationandthe
understandingoftheworktobeperformed(Schoonhovenetal.,1980).Thesecondtypeoftechnology
(Gormanetal.(2000)isrelatedtoassuringafocusonincreasedIQandlargercapabilitytomanage
information.Thebarrier-freefusingofthesetechnologies(“jegtrorveldigmyeinformasjonrettog
slettforsvinneriogmedatmanikkebrukerdetsamme.”[BecauseIthinkalotofinformationsimply
disappearsasonedoesnotusethesame.](S6))isanongoingprocessconnectedtomobilization
ofinformationtechnology(Hajiheydari&Hanafizadeh,2013).Insuccessiontothis,finalizingthe
ongoingdigitalizationprocessandunderstandingwhenandwheresupport toolscanbringbetter
taskmanagementforcomplexityandhigherdegreeofsituationawareness,areongoingprocesses.
Suchprocesses,andinitiativessuchasSAMLOK(jointplanningheadquartersbyambulance,police,
firebrigade)alsoincreasethepotentialofthesharedmentalmodel.Ourfindingsindicatethatan
actorhasonlyacertainamountofcapabilitytomakeuseoffurtherinformationperbody-sense(e.g.
visualizationtools,Nødnett[emergencynet],etc)andinformationtechnologycanhelptomakeuse
ofallthese,particularlywhenexposedtoTCandtotheneedforgreatersituationawareness.

CoNCLUSIoN

Ourfindingsrevealthataninformationvariableplaysasignificantrolewhendescribingamodel
forSAundertaskcomplexity.Also,SAactsasamediatorinthemodel,sinceitisconnectedtothe
information.ThisstudydescribessuchconnectionsbyconsideringtheliteratureonTContheone
hand(Campbell,1988;Hæremetal.,2015),andonSAontheotherhand(Endsley,2001;Wrightet
al.,2004).WehavepresentedthesefindingsinthemodelinFigure1:“Situationawarenessunder
TC–theroleofinformation”.

OurresearchshowsthatsomefactorsdohaveaneffectonTCandsituationawareness:particularly,
information relevance, information timeliness, the existence of information coordination and
informationhubs,processedinformationandinformationtechnology.Wegatherallofthesefactors
withintheIQvariable.Asregardssituationawareness,theconceptofsharedmentalmodelscomes
in,showingthattheoverallawarenessofgoalsaswellastheresourcesandworkprocesseswithinthe
system(includingacrosssub-organizations)canindeedhaveanimpactontheactors’informationbasis.

ThecaseconcernstheambulantorganizationofNordlandhospital(withitssub-organizations
andactors)andincludedtheobservationoftheirparticipationatexerciseNord2019.Alimitation
isthatconclusionsfromsuchatypeofcasestudymaynotbegeneralized(Eisenhardt&Graebner,
2007).Nevertheless,severalofthefindingscanbeexpectedtobepromisingwithinotherareas,such
asresearchonmentalmodels,emergencymanagementliteratureandITstudies.

First,ourstudypointsouthowsharedmentalmodels inguidelines,ritualsandprocedures-
butalsoelementsspecificallystoredbyeachactor-canwidenSAundertaskcomplexity.SAmay
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increasethebasisofwhattypeofinformationcanberegardedasrelevant.Second,thestudydescribes
thedynamicelementofaconstantneedforgatheringtimelyandrelevantinformationforsituation
awareness,inordertohandletaskcomplexity.Third,thestudyunveilshowinformationtechnology
feedsinformationwithrelevantqualitytotheactors,and–inthisrespect-howimportanttheright
choiceandmeansoftechnologyis.

Thereare,ofcourse,limitationsaswellasroomforfuturestudies.Forinstance,thisstudydoes
notcometogripsinanyin-depthmannerwiththeconceptoflearning,whereasfurtherinsightson
thisprocesscouldprovidefurtherknowledgerelatedtoSAandtaskcomplexity,andwaysinwhich
organizationsmayprepareforit.Also,althoughthetheorysectionaswellassomeofthefindings
touchesupontheroleofprofessionalization,achoicehadtobemadenottopursuethisstrandany
deeper,as itwouldgobeyond the limitsof thestudy.Future researchshould lookatapotential
professionalizationvariableinrelationtoaTCmodel.

Finally,thisstudyhasestablishedtheroleofinformationinthelightofSAundertaskcomplexity.
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