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ABSTRACT

Simplisticrepresentationsoftrafficsafetydisregardthedynamicinteractionsbetweenthecomponents
of the road transport system (RTS). The resultant road accident (RA) preventive measures are
consequentlyfocusedalmostsolelyonindividual/teamfailuresatthesharpendoftheRTS(mainly
theroadusers).TheRTSiscomplexandthereforecannotbeeasilyunderstoodbystudyingthesystem
partsinisolation.ThestudymodeledtheoccurrenceofroadaccidentsinUgandausingthedynamic
synthesismethodology(DSM).ThisarticlepresentstheworkdoneinthefirstthreestagesoftheDSM.
Datawascollectedfromvariousstakeholdersincludingroadusers,trafficpoliceofficers,roadusers,
androadconstructors.ThestudyfocusedonRApreventionbyconsideringthelinearandnon-linear
interactionsofthevariablesduringthepre-crashphase.Qualitativemodelsweredevelopedandfrom
these,keyleveragepointsthatcouldpossiblylowertheroadaccidentincidencesdemonstratingthe
needforasharedsystemwideresponsibilityforroadsafetyatalllevelsaresuggested.
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INTRoDUCTIoN

Computersimulationprovidesapowerfultoolthatcanbeusedtomodelandunderstandcomplex
systemsfromthemacrosystemsleveltothemicrogeneticlevel.TheapplicationofSystemDynamics
(SD)hasgrownextensivelyandtheavailabilityofavarietyofmoresophisticatedsimulationsoftware
hassignificantlyexpandedtheroleofsimulationinresearch,policymakingandoperationaldecisions
(Greasley,2017;Abaretal.,2017;Maani&Cavana,2007,Zelinka&Amadei,2019).Azar(2012)
describesSystemDynamicsasapowerfulmethodologyandcomputersimulationmodellingtechnique
forframing,understandinganddiscussingcomplexissuesandproblemsinbusiness,ecology,medical
andsocialsystems,engineeringtomentionafew.Computermodelsareusedextensivelyinmany
areasofsystemsmanagementtoprovideinsightintotheworkingofasystem.Thisisparticularly
usefulwhenthesystemiscomplexand/orwhenexperimentationisnotpossiblesuchastheroad
transportsystem(Urbanetal.,2017;Pierceetal.,2019).SDhasbeenusedinanumberofpublic
transportationsystems(Bajracharya,2016;Elkadyetal.,2016;Spichkova,2016).

Bajracharya(2016)inastudytounderstandthepublictransportationsysteminDubaiusedthe
SystemDynamicsapproachandfoundoutthatitwaschallengingtomotivateindividualstochange
fromprivatecartransporttopublictransportation.Elkadyetal.(2016),inastudytoinvestigatethe
effectofvehicledynamicsoncollisionofvehiclesused2models.Thefirstmodeldemonstrated
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vehiclebodycrashparametersandthesecondmodelaimedtopredicttheeffectofvehicledynamics
controlsystem(VDCS)whichshowedthattheVDCScanpositivelyaffectthecrashcharacteristics
andimproveoccupantbehavior.Spichkova(2016)inastudytounderstandthedynamicdecision-
makingsystemforpublictransportrouteswhichfocusedonenvironmental,societal,spatialplanning
andoptimizationforsmartercitiesandusersatisfactionforpassengersanddrivers.Cruz-Cantillo
(2014)builtasystemdynamicsmodelfortheforecasting,prioritization,anddistributionofcritical
suppliesduringreliefoperationsincaseofahurricaneevent,whileintegratingGISinformation.
Themodelwasusedtofordecisionmaking,simulationofthebehaviorofkeyvariables,estimate
thesuppliesneededandtheroutestousefordeliveryofsupplies.

SDhasbeenusedtoanalyzetrafficmanagementaspectsincludingsafetyimprovement(Shireet
al.,2018),trafficsafetypolicy(Goh&Love,2012),theunderlyingcausesoforganizationalaccidents
(Gohetal.,2010a;Gohetal.,2012),andcombatvehicleaccidents(Minami&Madnick,2009).
Sterman(2000),CookeandRohleder(2006)andlatterlyGohetal.(2010a)haveadvocatedforthe
introductionofSystemsthinkingtotheanalysisofmajoraccidents.

Morrisonetal.(2003)summarizednumeroustrafficsafetyinterventionsthatcanbeutilized,for
example,motorcyclehelmetsandseatbelts,raisingminimumdrinkingageabove18years,traffic-
calmingengineeringmeasures,speedcamera,publiclighting,randombreathtesting,enforcement
andgraduatedlicensing.Thedecisionstoimplementthesetrafficsafetyinterventionsareoftenbased
onpublichealthanalysis,andimpactassessmentsorcost-benefitanalysis(CBA)ofroadtransport
safetyinitiatives(Gohetal.,2010b).Roadaccidentpreventionhastobeconsideredinaholisticand/
orsystemicmanner,takingintoaccountallothercomponentsoftheroadtransportsystem(RTS)
inordertomakepubliclyrationaldecisions(Cochran&Malone,2005).However,publiclyrational
decisionsfortheRTScannotbeeasilydeterminedduetoitscomplexity.Initssimplestform,the
RTScanbedescribedbyitsessentialcomponents:vehicles,driversandtheroadinfrastructure(Brett
etal.,2010).However, this limitedsystemexistswithin the larger social,business,government,
andnaturalenvironmentalcontexts(Toleman&Rose,2008).Theseelementsincludepoliciesfrom
different levelsofgovernments, fundingandpricingsystems, legislated requirements,andmany
diverseexpectations,amongstotherthings.TheRTSisessentiallyalarge‘open’systemwithlack
ofclearboundaries.AllstakeholdersoftheRTScanimpactonthesystemsimultaneously,butnone
hasdirectcontroloftheentiresystem.Furthermore,theRTShasarangeofgoalstosatisfyanda
rationaldecisionisinherentlydifficult(Brettetal.,2010).

Unlikethetraditionalmodelingapproachesthatemphasizelinearcauseandeffect,SDfocuses
oninternalfeedbackloopsandtimedelaysthataffectthebehavioroftheentiresystem.Thefocus
onfeedbackbetweenvariablesinasystemenablesamoreholisticviewoftherealworldandplaces
emphasisoncomplexdynamicsofrealworldsystems.Aholisticapproachisneededtomodelthe
occurrenceofroadaccidents.Oncethemodelisbuilt,itcanbeusedtosimulatetheeffectofproposed
actionsontheproblemandthesystemasawhole.

Theaimofthisresearchthereforewastocarryoutadynamicandnon-linearanalysisofthe
occurrence of road accidents on highways in a developing country using the System Dynamics
Methodology (SDM) so that various interventions measures and strategies for minimizing the
occurrenceofRAsonhighwaysindevelopingcountriescanbeevaluated.Specifically,thestudyset
outtoestablishtheriskfactorsforroadaccidentcausationindevelopingcountries,buildqualitative
modelsfromwhichinsightsforreducingtheoccurrenceofRAsonhighwayscouldbegenerated.

Thenext sectionprovidesabackground to the study followedby reviewed literatureon the
methodsandmodelingapproachesusedtostudyroadaccidentmanagement.Thisisfollowedbythe
methodologyusedtoguidethestudy,resultsfromthestudy,adescriptionofthequalitativemodels
andconclusionsfromthestudy.
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BACKGRoUND

AccordingtotheGlobalStatusReportonroadsafety2018,thenumberofannualroadtrafficdeaths
hasreached1.35millionwithroadtrafficinjuriesbeingtheleadingkillerofpeopleaged5-29years
(WHO,2018).Theburdenisdisproportionatelybornebypedestrians,cyclistsandmotorcyclists,
inparticularthoselivingindevelopingcountries.Overtheyears,at85%oftheglobalaverageof
750,000comparedto15%inhigh-incomecountries,Ugandahasbeenoneofthelowandmiddle-
incomecountriesbearingtheheaviestburdenofroadtrafficincidents(RTI).(Balikuddembeetal.,
2017).CurrentlyUgandaisexperiencingRTIdeathsof28.9per100,000population(Balikuddembe
etal.,2017).InUganda,roadaccidentpreventivemeasuresarefocusedalmostsolelyonfailuresof
operatorsatthesharpendoftheRTSratherthantheinadequateconditionspresentinthesystem
itself.However, theRTSexhibits ‘dynamiccomplexity’ (Gohetal.,2010a;Senge,2006)which
ariseswhenactionsandconsequencesareseparatedintimeandcausationofconsequencesinvolves
‘messy’couplingofissueswithindistinctrootcauses.Reductionistmodelingapproachesfallshort
inaddressingthecomplexityandnon-linearityoftheRTSwhichalsoinvolvesseveralstakeholders
hencetheneedtoemploysystemicapproacheslikeSD.

EachtimeRAinterventionistargetedtowardsmeasuresthatonlysolvethesymptomaticcauses
atthesharpend,sometemporaryslightreductionintheoccurrenceofroadaccidentsmaybeachieved
(thisassumesawell-plannedintervention).However, theunderlyingrootcausespersistandroad
accidentsconsistentlycontinuetooccuraftersometimewithsomedropsatsomepoint.

Figure1showsdatafortheroadaccidentsthatoccurredinUgandafortheperiod2007to2014
asreportedbytheUgandatrafficpoliceinitsannualcrimeandtrafficroadsafetyreportfortheyear
2014(Police,2014).ThepopulationforUgandahasbeenincreasingsteadilyovertheyears.The
numberofvehiclesinvolvedinaccidentsincreasedfrom28,517in2007to19,174in2014asshown.
It ispossible that this trendpromptedvariousstakeholders toenforcemeasures targeted towards

Figure 1. Behavior over time - graph for road accidents in Uganda (Police Uganda, 2014)
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promotingroadsafetymorestrictly,causingadropinthenumberofaccidentsthatoccurredduring
theperiod2011to2014.Thestatisticsshowthattheproblemstillexistsandthereforethereisneed
toemploynewtechniquestounderstandtheproblem.

MeTHoDS USeD To STUDy RoAD ACCIDeNT MANAGeMeNT

Diverse traditional modeling approaches such as Cost Benefit Analysis (CBA), Public Health
Analysis(PHA),MathematicalModeling(MM)havebeenemployedinaccidentmanagement.CBA,
arguablythemostcommonmethodusedtofacilitatetransportpolicyanalysis(Haezendonck,2007)
employscostsandbenefitsofdifferenttransportpoliciesinmonetarytermsandprovidesquantitative
assessmentmeasurestosupportdecisionmaking.Modelscanbeconstructedinnumerousways,but
fortransportsafetyinvestigationstheytendtobequantitativeregressionsofrelatedvariables(Gokdag
etal.,2004;Ma&Kockelman,2006),epidemiologicalstudies(Marchettietal.,2009;Nacietal.,
2009)orbeforeandafteranalyses(Passmoreetal.,2010;Seethaler&Rose,2009).ThecurrentCBA
approachesarestatic(Schade&Rothengatter,2003)astheyareusuallybasedonrelativelysimple
estimatesofparameters.

ThePublicHealthAnalysisapproachisnotonlyhelpfulintheanalysisofroadaccidentprevention
measures,butalsoprovidesaframeworkthatguidesdecisionmakingthroughouttheentireprocess
fromidentifyingaproblemtoimplementinganintervention(Krugetal.,2000).PHAhasbeenadopted
inthecreationofawarenessamongthehealthprofessionalsaboutthevariousmodalitiesavailable
topreventroadaccidentsaswellasinculcateasenseofresponsibilitytowardspreadingthemessage
ofroadsafetyinIndia(Gopalakrishnan,2012)

Mathematical modeling (MM), whose theoretical and numerical analysis provides insight,
answers,andguidanceuseful for theoriginatingapplication(Neumaier,2003),hasbeenapplied
in the road accidents investigation models to investigate the causes and impacts of accidents in
theSlovakRepublicwhere themostsignificant factorsmentionedwerehumanbehavior factors.
WhereasMMissystematic,resultscanberepeated,andthemodelcanberefined,itisdifficultto
buildacompletemodelofreal-worldprocesses.Itassumesalinearsequenceofeventsandseveral
simplifyingassumptionshavetobemadeinordertodealwiththecomplexityandnon-linearityof
socio-technicalsystems.Theroadtrafficsystemiscomplex,requiringaholisticmodelingapproach
whichputsintoaccountallvariablesintheirnon-linearnature.

MoDeLING APPRoACHeS USeD To STUDy ACCIDeNT MANAGeMeNT

Systemicmodelshavetheirrootsinsystemstheory.Systemstheoryincludestheprinciples,models,and
lawsnecessarytounderstandcomplexinterrelationshipsandinterdependenciesbetweencomponents
(technical,human,organisationalandmanagement)(Qureshi,2008).Safetyisnolongersolelythe
responsibilityoffrontlineoperators(e.g.drivers);rather,theresponsibilityissharedbetweenactors
acrossalllevelsofthecomplexsocio-technicalsystem(regulators,policymakers,designers,line
managers,manufacturers,supervisors,andfrontlineoperators).Thissectionhighlightssomeofthe
applicationsofsystems-basedmodelingapproachesemployedinaccidentmanagement.

The Haddon Matrix
TheHaddonmatrixisananalyticaltoolusedtoidentifyallfactorsassociatedwithacrash.Itillustrates
theinteractionofthreefactors;human,vehicleandenvironmentduringthreephasesofacrashevent:
pre-crash,crashandpost-crash.Oncethemultiplefactorsassociatedwithacrashareidentifiedand
analyzed,countermeasurescanbedevelopedandprioritizedforimplementationovershort-termand
long-termperiods.TheHaddonmatrixhasbeenappliedinanumberofaccidentanalysisprojects
(Darbyetal.,2014;Edmonston&Sheehan,2005).Evidencefromsomehighlymotorizedcountries
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showsthat this integratedapproachtoroadsafetyproducesamarkeddecline inroaddeathsand
seriousinjuries.TheHaddonmatrix,doesnottakeintoaccounttherecurringandfeedbackbehavior
ofthecomplexroadtransport.

The Swiss Cheese Model
TheSwissCheeseModelbyReason’sputforwardasystemsperspectivemodelofhumanerrorand
accidentcausationwhichfocusesontheinteractionbetweensystemwideinadequateconditionsand
errors(referredtoaslatent)andtheircontributiontoorganizationalaccidents(Reason,2000).The
modelfollowstheprinciplesofsequentialmodels(Hollnagel,2004)andthedirectionofcausalityin
alinearfashion.Inaddition,thecausallinksbetweendistantlatentconditions(organizationalfactors)
andtheaccidentoutcomearecomplexandlooselycoupled(Shorrocketal.,2003).Reason’smodel
showsastaticviewoftheorganization;however,thewholesocio-technicalsystemismoredynamic
thanthemodelsuggests(Qureshi,2008).

Systems-Theoretical Accident Model and Processes (STAMP)
Whiletraditionalapproachesviewcomponentfailureasthesourceofaccidents,Systems-Theoretical
Accident Model and Processes (STAMP) incorporates dysfunctional component interaction and
externaldisturbancesaswell(Leveson,2004).Therefore,accidentsoccurwhenthereisinadequate
controlorenforcementofsafety-relatedconstraintsonthedevelopment,design,andoperationof
thesystem.Leveson(2004)developedaschemewhichcapturesmostcontrolflawsthatarebroadly,
categorized into three: inadequate enforcement of constraints, inadequate execution of control
actions,orinappropriateormissingfeedback.Theseflawscanbeclassifiedandusedduringaccident
analysisoraccidentpreventionactivitiestoassistinidentifyingallthefactorsinvolvedintheaccident
(Leveson,2004).Leveson(2002)assertsthat“themostimportantfactorintheoccurrenceofaccidents
ismanagementcommitmenttosafetyandthebasicsafetycultureintheorganizationorindustry”.

Rasmussen’s Socio-Technical Framework (RSTF)
Rasmussenadoptedasystem-orientedapproachbasedoncontroltheoreticconceptsandproposesa
frameworkformodelingtheorganizational,managementandoperationalstructuresthatcreatethe
preconditionsforaccidents.Rasmussen’sframeworkforriskmanagementhastwoparts:

Structure and Dynamics
Thestructurehierarchystatesthataccidentsarecausedbydecisionsandactionsbydecisionmakers
atalllevels,andnotjustbytheworkersattheprocesscontrollevel.Lin(2011)usedtheRasmussen’s
socio-TechnicalFrameworkforsafetymanagementandriskmodelingintheaviation,asacomplex,
hierarchicalsystemintheNetherlands.

Critique of the Reviewed System-Based Modeling Approaches
Althoughthesesystemictechniquesdoprovideadeeperunderstandingofhowthebehaviorofthe
entire systemcancontribute toanaccident (Salmonetal.,2012;Arnold,2009),various studies
suggest that there are more resource intensive and require considerable amounts of domain and
theoreticalknowledgetoapply(Ferjencik,2011;Johansson&Lindgren,2008).Methodscurrently
employedtomodeltheoccurrenceofRAhavebeensuccessfulinaddressingchallengesofasingle
RTScomponentatatime,inisolationoftheothercomponents;whichunderminestheinteractions
andinterdependencesbetweentechnological,socialandorganizationalsubsystems,which,actually
areresponsiblefortheresultingvisibleoutcomesoftheRTS.Therefore,theevaluationofcurrent
modelingapproachesthatcanpossiblybeemployedinaccidentmanagementishenceforthconsidered
withutmostimportance.

FollowingacriticalevaluationofvariousmodelingapproachesapplicableintheRTSdomain,this
researchoptedtoemploySDbecauseofitscompletenessasaresearchmethodologyanditsunique
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features.Firstandforemost,itisunderpinnedbythesystemstheorymeaningthatitconsidersthe
performanceofthesystemasawhole.Systemicmodelsviewaccidentsasemergentphenomena,which
arisesduetothecomplexinteractionsbetweensystemcomponentsthatmayleadtodegradationof
systemperformanceorresultinanaccident.Secondly,SDtakesintoaccountthefeedbackinteractions
thatoccurwithincomplexsystemsandtimedelaysthataffectthevisibleoutcomesofthesystem.

MeTHoDoLoGy

SystemDynamicsModeling(SDM)wasfoundtobemostsuitableforholisticmodelingofcomplex
socio-technicalsystemssuchastheastheRoadTransportSystem.Theresearchersemployedthe
DynamicSynthesisMethodology(DSM)thatwasdevelopedbyWilliams(2000)andrevisedby
Rwashanaetal.(2009)showninFigure2.DSMfollowssixstagesnamely;problemstatement,field
studies,modelbuilding,casestudy,simulationsandpolicyanalysisasshowninthefigureandthe
detailsofwhathappensineachstateareexplainedlaterinthissection.

DSMallowstheintegrationoftheoreticalconceptsandstructuringofpartsandelementsofa
processovertimeinsuchamannertoformaformalfunctionalentity,underpinnedbysynthesisas
philosophyofscience(Williams,2004).DSMisgroundedonwell-testedanddevelopedtheoretical
anchorsandbuildsonanexistingepistemologicalphilosophyofscienceintheacquisitionofknowledge

Figure 2. Dynamic synthesis methodology (Rwashana et al., 2009)
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(Rwashanaetal.,2009).DSMcombinestwopowerfulresearchstrategies;SystemDynamicsand
casestudyresearchmethods(Forrester,1994).Casestudiesareusedtocollecton-siteinformation
fromthecurrentsystemownersanduserrequirementsandspecificationsinthenaturalsetting.This
paperpresentstheworkdoneinthefirstthreestagesoftheDSM.

Stage 1
Preliminary interviews were used to find out more about the context of the problem. Owing to
the complexity of the problem, the following stakeholders were identified; traffic police, roads
constructionauthority,vehiclemanufacturers,transportregulatoryagencies/institutions,legislators,
judicialofficers,prisonofficers,operatorsofdrivingschools,educationinstitutionsaswellasthe
variouscategoriesofroadusers.Theboundaryoftheresearchwasdeterminedwithfourcategories
ofstakeholders.Table1showsthefourcategoriesofstakeholdersthatwereselectedforthestudy
andtherolestheyplayinaccidentmanagement.

Stage 2
Field studies were used to determine the full range of activities, challenges and opportunities
associatedwith theoccurrencesofRAs.The field studieswerenecessary ingeneratingdata for
betterunderstandingoftheproblem.Differentdatacollectioninstrumentsweredesignedandcontrol
measures(reliabilityandvaliditytesting)wereusedtoensurethecollectionofhigh-qualitydata.

Purposive sampling was used to select 9 administrators and/or policy makers in different
institutionsworkingtoreducetheoccurrenceofroadaccidentsinthecountryincludingtrafficpolice,
Uganda National Road Safety Council, Uganda National Vehicle Licensing Board, Road Safety
DepartmentofUNRA;who,hadalotofdataandknowledgeabouttheoccurrenceofroadaccidents.
Conveniencesamplingwasusedtoselectrespondentstravellinginpassengerservicevehicles(PSVs)
andsaloncars.Thesimplerandomsamplingmethodwasusedtoselectvehicledriversandtraffic
policeofficers.Onehundredandfifteen(115)questionnairesweredistributedtothreecategories
of respondents (vehicledrivers,passengersand regulatorsof theRTSand lawenforcers).Focus
groupdiscussionswithdifferentRTSstakeholdersingroupsof5-10memberswereusedtocollect
informationfromcyclistsandpedestrians.

ReSULTS

TherawdatafromfieldstudiessummarizedandanalyzedbycrosstabulationanalysisusingMicrosoft
OfficeExcel2007pivot tables fromwhichkeyvariablesand their relationshipswere identified.

Table 1. Key stakeholders involved in accident management

Stakeholders Roles

1 Trafficpolice Enforcethelawsagainsttrafficcriminality.

2
Roadusers(vehicledrivers,passengers,pedestrians,
cyclistofmotorizedandnon-motorizedtwo/three
wheelers)

Usetheroadsinamannerthatissafetothemselvesand
tootherroadusersandinaccordancewiththepolicies
governingroadusers.

3
Seniormanagementstaffofregulatoryagencies/
institutions(Ugandanationalroadsafetycouncil,
Nationalmotorvehiclelicensingboard)

Regulateandcoordinateroadsafetyrelatedfunctions
andactivitiesinvariouscapacities

4 UgandaNationalRoadsAuthority(UNRA)staff
Ensurethatroadsafetyinitiativesaregiventheright
attentiontheydeserveearlyattheinitialstagesof
planning,engineeringanddesigningofnewroads
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Laterthesevariableswereusedinthedevelopmentofthecausalloopdiagram(CLD)usingVensim
modelingsoftwarewhichwasusedtoanalyzethefeedbacknatureofthevariablesgeneratedfrom
fieldstudiesandtheirinteractions.

Questionnaires
Outofatotalofonehundredandtwenty-six(126)questionnairesdistributed,onehundredandfifteen
(115)ofthemwerecollectedbackasdetailedinthequestionnairesurveydistributionshowninthe
Table2.Table2presentstheresponseratesfromtwocategoriesofrespondents;thetrafficpolice
officerswhoaremobileandstationeryofficersandthreecategoriesofroadusersnamelyvehicle
drivers,passengersinpassengerservicevehiclesandpassengerwhowerefoundtobeusingpersonal
/privatevehicles.

Theaimoftheserandomlydistributedquestionnaireswastogetviewsandopinionsfromoperators
atthesharpendoftheRTS(mainlytheRUs)whoareonseveraloccasionsimplicatedinmanyofthe
accidentinvestigationreportsinUganda.ThisenhancedaholisticviewoftheRTS.

Interview Guides
InordertotapintothewealthofknowledgeofsomestakeholdersoftheRTS,twocategoriesof
interviewguides(onecategorywasmeantfortrafficpoliceadministratorsandtheotherformakers
ofRTSpolicies)weredesigned.Thestakeholderswhowereinterviewedincludedinparticularthose
holdingadministrativepositionsworkingtoreducetheoccurrenceofRAsinUganda.Table3provides
asummaryofthenine(9)administratorsand/orpolicymakerswhoparticipatedintheinterviews.
TherespondentsrepresentfourorganizationsnamelyUgandaTrafficPolice,UgandaNationalRoad
SafetyCouncil,UgandaNationalVehicleLicensingBoardandtheRoadSafetyDepartmentofthe
UgandaNationalRoadAgency(UNRA).

Focus Groups
Thefocusgroupguidewasusedasthemainmethodandwasusedtocollectdatafromcyclistsand
pedestrians.DiscussionswithdifferentRTSstakeholdersingroupsof5-10memberswereconducted.
Table4presentsthedistributionofthegroupsthatwereengagedinthefocusgroupdiscussions,the
numberofrespondentsandthemeetingplacewherethediscussionwasheld.

Documentary Review
Deskresearch,particularlyfromonlinesecondarysourceswasusedtocollecthistorialdata.

Table 2. Categories of respondents to the questionnaire

Category of 
Respondents

Specific Kinds of 
Respondents

Population 
Surveyed Survey Response Percentage Survey 

Response (%)

Trafficpoliceofficers Mobile&stationary
policeofficers 31 28 90.3

RoadUsers

Vehicledrivers 25 22 88

PassengersinPSVs 42 39 92.9

Passengersinnon
PSVs 28 26 92.9

[Source: Primary data]
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Analysis
Inthefirstphaseofanalysis,rawdatafromfieldstudieswassummarizedandanalyzedbycross
tabulationanalysisusingMicrosoftofficeexcel2007pivottables.Keyvariablesandtheirrelationship
wereidentifiedandusedtodevelopthecausalloopdiagrams(CLDs).

Thesecondphaseofanalysisinvolvedthebuildingofaqualitativefeedbackstructuralmodel
usingthedescriptivefieldstudyresultswiththehelpofCLD.TheCLDwasdevelopedusingVensim
modelingsoftwareandwasusedtoanalyzethefeedbacknatureofthevariablesgeneratedfromfield
studiesandtheirinteractions.

Table5presentsthesummaryofthevariablesthatareassociatedwithaccidentmanagement
generated from theanalysisof literatureand the fieldstudies.Theyarecategorizedas:personal
issues,institutionalissues,vehiclecharacteristics,roadissues,roadaccidentsanddatahandlingand
generalissues.

QUALITATIVe MoDeLS oF THe RoAD TRANSPoRT SySTeM

ThevariablesandtheirrelationshipsshowninTable5wereusedtothebuildthecausalloopdiagrams
(CLDs)presentedinFigures3-6.CLDsarecomposedofvariablesandinfluences(links).Aninfluence
hasdirectionshownbyanarrowandpolaritywhichshowsthedirectionofinfluencewhichissame
(+)oropposite(−)directionastheinfluencingelement.Additionally,feedbackloopsoccurwhen
arrowsconnectavariabletoitselfthroughaseriesofothervariables.Therearetwotypesoffeedback
loopsthatareexpressedinCLDsnamelyreinforcingandbalancingloopsasillustratedinFigures

Table 3. Category of respondents to the interview guides

Targeted Group Name of Institution No. of Respondents 
Interviewed Purpose of Interviews

Administratorsand/or
policymakers

UgandaTrafficPolice 3
Toprobeforin-depth
qualitativeinformation
inaninteractive,flexible
andadaptivedescription
ofactivities,challenges,
problemsandopportunities.

UgandaNationalRoad
SafetyCouncil 2

UgandaNationalVehicle
LicensingBoard 2

Roadsafetydepartmentof
UNRA 2

[Source: Primary data]

Table 4. Categories of respondents who participated in focus group discussions

Category of Group Total No. of Respondents 
Met in Group(S) Place of Discussion(S) Purpose of the Discussion

PassengersinPSV 06 Inabustravellingalong
Iganga-Kampalahighway.

Toexplainingfindingsthat
appearedconflictingandto
explorehowtheyfeltabout
theoccurrenceofRAsin
Ugandaandwhy.

Cyclistsofmotorizedtwo
wheelers(mainlyboda
bodacyclists)

28
Mainlyatbodabodastages
alongMasaka-Kampala
highway

Pedestrians 14 Atazebracrossingon
Igangaroad

PSVdrivers 07 Kyengerataxipark

[Source: Primary data]
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Table 5. Summary of the variables used in the causal loop diagrams

Theme (Owner) Variables Associated With Road Accidents Identified Source/ Reference Observed in Field 
Studies (Y/N)

Personalissues Drivingexperience Fieldstudy Y
Fatigue Fieldstudy Y
Driver’sage Fieldstudy Y
Healthcondition Literature N
Overspeeding Fieldstudy Y
Urgency Literature Y
Distancedriven Fieldstudy Y
Abilitytoreadandunderstandroadsigns Fieldstudy Y
Drunkdriving Fieldstudy Y
Levelofformaleducation Fieldstudy Y
Bodyalcoholcontent Literature Y
Corruption Fieldstudy Y
Understandingofsystemicfailuresinaccidentcausation Fieldstudy Y
Probabilityofbeingdistracted Fieldstudy Y
CompliancetoTRSLR Fieldstudy Y
Safeandgooddrivingpractices Fieldstudy Y

Institutionalissues Qualityofsensitizationandawarenesscampaigns Literature Y
Corruption Fieldstudy Y
Enforcementfacilities Fieldstudy Y
LevelofenforcementofTRSLR Fieldstudy Y
Intensityofpublicsensitizationandawarenesscampaigns’aboutroadsafety Literature N
Amountoffundsavailable Fieldstudy Y
Numberofenforcementpersonnel Fieldstudy Y
Reinforcement Literature N
Remunerationofenforcementpersonnel Fieldstudy Y
Qualityofvehicleinspection Fieldstudy N
Vehicleinspection Fieldstudy Y
Effectivenessofpoliciesmade Fieldstudy Y
Qualityofpolicyanalysis Fieldstudy N
Gazettedspeedlimits Fieldstudy Y

Vehicle
characteristics

Vehiclesafety Fieldstudy Y
Safervehiclefronts Literature N
Incarsafetytechnologies Fieldstudy Y
probabilityofvehicleequipmentfailure Fieldstudy Y
Speedcontrolgadgetse.g.speedgovernor Fieldstudy Y
Ageofvehicle Fieldstudy Y
Mechanicalconditionofthevehicle Fieldstudy Y
Severityofvehicle-pedestriancrash

Roadissues Numberoflanes Fieldstudy Y
Roadsize Fieldstudy Y
Roadmaintenance Fieldstudy Y
Probabilityofrunoffcrashes Fieldstudy Y
Sizeofmedians Literature Y
Probabilityofhead-oncrashes Fieldstudy Y
Intensityoftrafficguidance Fieldstudy Y
Probabilityofintersectioncrashes Fieldstudy Y
Speedhumps&bumps Fieldstudy Y
Availabilityofmedians Literature Y
Probabilityofvehicle-pedestriancrash Fieldstudy Y
Presenceofside-walkways Fieldstudy Y
Presenceofround–about Fieldstudy Y
Presenceoftrafficlightsatjunctions Fieldstudy Y
Gazettedspeedlimits Fieldstudy Y

Roadaccidentdata
handling

Qualityofdataanalysis Fieldstudy Y
Qualityofdatastoragematerials Literature Y
Completenessofdatacollected Fieldstudy Y
Qualityofdatastored Fieldstudy Y
Competencyofdatahandlingpersonnelused Literature N

General PublicunderstandingofTRSLR(TrafficandRoadSafetyLawsandRegulations)and
safetypractices

Fieldstudy Y

Actualnumberofaccidentsoccurring Fieldstudy Y
Riskofaccidentoccurrence Fieldstudy Y
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3-6.ReinforcingloopsdenotedbyRrepresentagrowingactionwhereeachactionaddstoanother
andmaybereferredtoasvirtuouscycleswhentheyproducedesirableeffectorviciouscyclewhen
theyproduceanundesirableeffect.Balancingloopsalsoknownasneutralizingloops,denotedbyB
applywherethereisanattempttosolveaproblemorachieveagoal.TheCLDsshowingthevarious
componentsoftheroadtransportsystemarediscussedinthissection.

Road Safety Aspects
Figure3showstheroadsafetyaspectsthatareassociatedwiththemanagementofaccidents.Thecausal
loopdiagramhas4balancingloops(B1-B4).ThegoalofLoopB1andB2isdirectedtoreducing
overspeedingwhichpromotestheprobabilityofrunoffcrashes(B1)andintersectioncrashes(B2).

Loop B1
Overspeedingpromotestheincreaseintheprobabilityofrunoffcrasheswhichincreasestherisk
ofaccidentoccurrences.Thisenhancestheneedtohaveroadexpansionswhichinturnreducesover
speeding.Gazettespeedlimits,speedhumpsandbumpsaswellaspayingtherightattentiontotraffic
guidanceduringroadexpansionscanloweroverspeedingtherebyloweringtheriskofoccurrence
ofanaccident.

Loop B2
Similarly,overspeedingpromotestheincreaseinprobabilityofintersectioncrashestherebyincreasing
theriskofaccidentoccurrenceresultingintheincreaseinroadexpansionswhichinturnreducesover
speeding.Thepresenceoftrafficlightsandroundaboutslowertheprobabilityofintersectioncrashes.

Loop B3
ThegoalofB3islowertheriskofaccidentoccurrence.Increasedroadexpansionlowerstheriskof
accidentoccurrencewhichincreasedincreasestheroadexpansion,therebyresultinginabalancedloop.

Loop B4
Anincreasetheroadsizelowerstheprobabilityofheadoncrasheswhichinturnreducestherisk
ofaccidentoccurrence.Anincreaseinriskofaccidentoccurrenceenhancestheneedtohaveroad
expansionswhichincreasestheroadsizes.However,corruptionreducesthefundsavailableforroad
constructionwhichwhenincreasedsignificantlycontributestothesizeoftheroad.

Vehicle Safety Aspects
Figure4presents thecausal loopdiagramshowing the relationshipsassociatedwith thevehicle
safetyaspectsandthesearepresentedinfivefeedbackloops;threebalancingloops(B5–B7)and
tworeinforcingloops(R1andR2):

• LoopB5showsthatoverspeedingdirectlyincreasestheriskofoccurrenceofaccidentsandyet
ontheotherhandanincreaseinriskofaccidentoccurrencelowersoverspeedingofvehicle;

• LoopB6showsthatintensifyingtheenforcementoflawsagainstoverspeedingreducesthatvise.
Andastheoverspeedinggoesdowntheneedtoputmoreeffortsonenforcementoflawsreduces;

• LoopB7demonstratesthatanincreaseinvehiclesafetyreducestheriskofaccidentoccurrence.
Theriskofaccidentoccurrencereducesoverspeeding.Anincreaseinoverspeedingresultsin
theincreaseintheprobabilityofvehicleequipmentfailurewhichlowersthesafetyofthevehicle;

• LoopR1describesapositiverelationshipbetweenthevehicle’smechanicalconditionandits
safety.Itdepictsthatmaintainingavehicleinagoodmechanicalconditionimprovesitssafety
andifthesafetyofthevehiclesincreases,chancesofitgettinginvolvedinaccidentswhichare
directconsequencesofpoorvehiclemechanicalconditionsreduce.Thatmeansthattoachieve
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longlastingpositiveresultsagainstoverspeeding, theenforcementof lawsagainst itshould
neverberelaxedevenwhentheinitialbenefitsarerealized;

• LoopR2showsthatthequalityofvehicleinspectionimprovesthemechanicalconditionofthe
vehiclewhichfurtherincreasesthevehiclesafetytherebyreducingtheriskofaccidentoccurrence.
Loweringtheriskofaccidentoccurrencelowerstheoverspeeding.Anincreaseintheintensity
ofenforcementofTRSLRresultsinanincreaseinthequalityofvehicleinspection.

Road Accident Data Handling Processes
Figure5presentsthatcausalloopdiagramshowingtheroadaccidentdatahandlingprocesseswith
threereinforcingloops(R3-R5)andonebalancingloop(B8):

• Loop R3 demonstrates a virtuous cycle that exists between quality of data analysis and
understandingofsystemicfailuresinaccidentcausation,wherebymoreofonevariableincreases
theotherandviceversa;

• Loop R4 shows that understanding of systemic failures in accident causation increases the
qualityofdataanalysiswhichinturnincreasesthequalityofpolicyanalysis.Asthequality
ofpolicyanalysisincreases,theeffectivenessofthepolicieswillincreaseleadingtoadeeper
understandingofsystemfailures;

• LoopR5showsthat themoreeffectivepoliciesaredevised, themorecompletedatawillbe
collectedbycompetentdatahandlingpersonnel.Anincreaseincompletedataresultsinimproved
qualityofdatastoredwhichissupportedbyqualityofdatastoragematerialswhichmayinclude
databasesthatstoredataabouttheentireRTS.Asthequalityofdatastoredincreases,thequality
ofpolicyanalysisincreaseswhichenhancestheeffectivenessofthepoliciesthusleadingtoa
deeperunderstandingofsystemfailures;

• LoopB8illustratesthataseffectivepoliciesareimplemented,theriskofaccidentoccurrenceis
loweredandthisinturnreducestheneedforanincreaseinpolicyanalysis.

Figure 3. Causal loop diagram for road safety aspects
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BeHAVIoR oF RoAD USeRS

TheCLDforissuesrelatedtothebehaviorsofroadusersconsistsoffivebalancingloops(B9–
B13)asshowninFigure6.B10itselfwouldleadtoareductioninaccidentpropensity.Itshowshow
intensifyingpublicsensitizationandawarenessaboutroadsafetypracticespositivelyaffectstheir
understandingoftheTRSLRandsafetypracticespromptingthemtodesistfromengaginginunsafe
behaviorswhileontheroad.IncreasingthelevelofenforcementoftheTRSLRalsohasaneffectof
increasingtheunderstandingoftheTRSLRoftheroadusersasdepictedbyB12.Thiswillalsomake
driversunderstandtheeffectsoffatigueddrivingmakingthemtodoitlessoftenwhichconsequently
reducestheriskofaccidentoccurrence.B9showsthatintensifyingpublicsensitizationandawareness
aboutroadsafetypracticescanreducetheprobabilityofdriverdistractionbymakingthemignoreall
activitiesthatwouldreducetheirconcentrationonthedrivingactivity.

Exogenous variables like re-enforcement (promoting more of the desired behaviors instead
punishinganddiscouragingbadones)canpromotemoreofthesaferoaduserbehaviorsthanthe
badones.CorruptionhasthenegativeeffectofreducingthelevelofenforcementoftheTRSLRin
twoperspectives;1.byreducingtheamountoffundsavailablefortheacquisitionoftherequired
enforcementfacilities,and2.byluringtheenforcementpersonneltoenterintobindingcontracts
withtrafficoffendersnottoarrestthemafterreceivingbribesfromthem.Raisingthelevelofformal
educationofthedriversincreasestheirabilitytoreadandunderstandroadsigns.Poorhealthcondition
ofthedriver(includingdrivingaftertakingcertaindrugsand/ormedications)anddrivingforvery
longdistanceswithoutgettingenoughrestincreasetheprobabilityoffatigueddrivingwhichincreases
theriskofanaccidentoccurrence.Increaseinbodyalcoholcontentbeyondcertainlimitsculminates
intodrunkarddrivingwhichalsoincreasestheriskofanaccidenttooccur.

Insights From the Causal Loop Diagrams
Thefollowing insightsweregeneratedfromtheCLDsfor thevarioussubcomponentsshownin
figures3-6above:

Figure 4. Causal loop diagram for vehicle safety aspects



International Journal of System Dynamics Applications
Volume 9 • Issue 2 • April-June 2020

37

1. Whileintensifyingsensitizationofroadusersaboutroadtrafficlawsandsafetypracticesleads
intoanincreaseintheirknowledgeandunderstandingoftheselawsandpractices,itdoesnot
necessarilyguaranteesaferroaduserbehaviorsfromthem.However,effectiveenforcementof
thetrafficlawsdoes;

2. Intensifyingenforcementoftrafficlawsinresponsetoanincreasingrateofaccidentoccurrence
givespositiveresultsbutonlyforashorttimeafterwhichthebenefitssoonfadeawayandthe
situationdeterioratesbacktotheoriginallevelorevenworse.Therefore,enforcementefforts
shouldneverberelaxedoncetheinitialintendedbenefitsarerealized,anditshouldformpart
ofthecontinuousongoingeffortstoreducetheoccurrenceofRas;

3. Anaccidentcanoccurdependingonwhetheraroadsafetyfeatureispresentorabsent.Therefore,
roads should be designed, constructed and maintained with safety of their users given the
considerationitdeserves.Featureslikemedians,speedhumpsandbumps,roadwidth,traffic
lightsshouldalwaysbeprioritizedwhenconstructingroads.Trafficguidanceshouldalsobe
intensifiedbyuseofroadsignsforroadsto“talk”moretotheirusersinordertocreateroads
thatbythemselveshavetheabilitytoreducethechancesofoccurrenceofaccidents;

4. Short-terminterventionslikegivingheavyfinestotrafficlawoffenders,promotingdesirable
roaduserbehaviors(reinforcement);targettheimmediatecausesofRAsandcanhaveapositive
effectintheshortterm,buttheyarenotsubstitutesforlongterminterventions.Therefore,as

Figure 5. Causal loop diagram showing road accident data handling processes
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short-termmeasuresareimplementedtoalleviatetheoccurrenceofRAswhenitisatitspeak,
moreemphasisshouldbepaidonimplementingthelong-terminterventionmeasuresthattarget
therootcauses,likeconstructingroadswhicharesafefortheusers.

CoNCLUSIoN

Theresearchachievesitsobjectivesbyprovidingaholisticapproachtounderstandingthefactors
associatedwithroadaccidentcausationindevelopingcountriesandbuildsqualitativemodelsfrom
whichinsightsforreducingtheoccurrenceofRAsonhighwaysareobtained.Thisresearchmakesa
significantcontributiontotheavailablescientificliteratureandtothebodyofknowledgebyproposing
amoreholisticmodeldevelopedusingSDM;amethodologywhichisunderpinnedbythesystems
theoryand is rootedandgrounded fromsystems thinking.Thedynamicandnon-linearanalysis
of theoccurrenceofRAs inDevelopingCountries ispresentedand theusefulnessandpotential
ofSDformodelingandanalysisoftheroadtransportsystemoverothersystems-basedmodeling
approaches(likeThe‘Swisscheese’modeling,Rasmussen’sSocio-TechnicalmodelingFramework,
STAMPanalysisandtheHaddonmatrix)formsthebasisfornoveltyinthisresearch.Theresearch
demonstrateshowthecomplexitytheorycanbeappliedinthepromotionofroadtrafficsafetyon
highwaysindevelopingcountries.Futureworkwillfocusonbuildingaquantitativemodel(Stock
andFlow)whichcanbeusedtorunsimulationsandusesensitivityanalysistoidentifythevariables
thatcancauseasubstantialchangeinroadaccidentmanagement.

Figure 6. Causal loop diagram showing issues related to the behavior of users
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