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A Grounded Theory Based Framework 
for Level of Development Implementation 
Within the Information Delivery Manual
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Soroosh Sharifi, University of Birmingham, Birmingham, UK

Kirti Ruikar, Loughborough University, Loughborough, UK

ABSTRACT

Thepresentstudyfollowstheprogressof the levelofdevelopment(LOD)specificationfromits
inceptionin2005to its latestupdates in2018,a totalof42guidelinesfromNorthAmericaand
Europearereviewed.Toorganisethepresentedliteratureandtoprovideacomprehensiveframework
ofLODimplementationwithintheinformationdeliverymanual(IDM),aLODgroundedtheory-
basedtaxonomyisintroduced.ThevariablesthatconstitutethistaxonomyareBIMpurpose,Stage,
Role,ClassificationSystem,Attribute,Graphical information,Scale,LODandNetbenefits.The
resultofthisexerciseisacomprehensiveviewoftheLODconstructimpactonprojectperformance
whichcanbestudiedasacumulativeframework,wherenewresearchontheconstructscanbeadded.
Therefore,thisallowsapointtowardsthedirectionwherefurtherworkisneededwithinthefield
ofLOD-IDMimplementation,suchasthestudyofitsusefordatamanagementamongotheruses.

KeyWoRDS
Attribute, BIM Purpose, Building Information Modelling, Business Process Modelling Notation, Classification 
System, Data Management, Graphical Information, LOD, Net Benefits Role, Scale, Stage

1. INTRoDUCTIoN

1.1. Background
In the Architectural, Engineering and Construction (AEC) industry, where several stakeholders
from different organisations collaborate towards the completion of a project, having common
standardsandspecificationstounifycriteriaandenhancecollaborationisafundamentaldriver.In
2005,VicoSoftware,aprivate softwarecompany-initiatedworkonan informationmanagement
specificationnamelyLevelofDetail,usedforcoordinatingmodellingeffortsbetweenmultipleparties
(VicoSoftware,2016).Lateron, in2008,theAmericanInstituteofArchitects(AIA),refinedthe
specificationandadoptedthenameLevelofDevelopment(LOD)(AIA,2008),whichisthetermmost
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usedworldwidefordefiningBuildingInformationModelling(BIM)objectcontentprogressalong
thedifferentstagesoftheproject.TheexchangeofBIMdatawithintheAECindustryisprescribed
inpaperlegalagreementswheretheinformationforeachspecificmodelisspecified,meaningthat
alegalcommonframeworkfororganisingBIMdataisrequired(CIC,2013a).

LOD-supported electronic project data specification and management has the potential to
enhancespecificationofmodelcontentanditsutilisationwiththeprojectduringdesign,construction
andmaintenanceoftheproject(Hooper,2015).Thepotentialforgreaterinformationreliabilityis
significantinanindustrywhichhistoricallyhasreliedinpaper-basedspecifications,whichimplies
inefficientretrievalofinformation,classificationandlocationofdataduringtheprojectstages(East,
Nisbet,&Liebich,2013).

1.2. Research Motivation
Basedontheinitialfindingsofacomprehensiveandsystematicliteraturereview,mostoftherelated
LOD research has approach it from an applied research perspective; documenting functionality
extensionstothecoreprinciplesofthespecification(Wood,Panuwatwanich,&Doh,2014),examining
benefitsofitsimplementationwithinprojects(Fai&Rafeiro,2014;Luth,Schorer,&Turkan,2014)
orincludingtheLODwithinbusinessprocesseslanguagessuchastheIntegratedDefinitionMethods
IDEFO and IDEF3 (Maria-Angeliki, Robby, & Kirti, 2014). However, BIM requires defining
informationwithintheIndustryFoundationClass(IFC)standardwhichallowsforinteroperability
ofdatawithinproprietarysoftware(Steel,Drogemuller,&Toth,2012).Thus,enablingenhanced
collaborationbetweenAECstakeholders.ThecreationoftheIFCstandardanditssubsetscalled
ModelViewDefinitions(MVD)requiresusingtheIDMmethodology(Wix&Karlshøj,2010).

TheIDMusestheBusinessProcessModellingNotation(BPMN)languagetorecordprocesses
andtoplaceAECdataintocontext(Berard&Karlshoej,2012).SolihinandEastman(2015)suggested
thataLODMVDbasedisneededtocreateautomatedrulecheckingapproachestodataspecification.
Theauthorsofthepresentstudy,Gigante-BarreraandRuikar(2016)andotherauthorssuchasLee
etal.(2016),suggestedassociatingLODdefinitionstodefineeachofthedatasetswithintheBPMN
alsocalledExchangeObjects.Recently,Gigante-Barreraetal.(2017),testedandprovedonhisstudy
ondataspecificationformanufacturersthattheLODcouldbeimplementedwithintheBPMNforthe
definitionofExchangeobjects.Thispaperconsiderstheseauthors’suggestionanddifferentlyfrom
previousstudiesitfocusesonthesocio-technicalprocessofLODstandardisationwithintheIDM.
Ofparticularinterestistheongoingchangesthatthespecificationhassufferedsinceitsinception,
theimplementationcontextandcharacteristicvariablesthatwillmakeitusefulforitsdeployment
withintheIDMcontext.

Thispaperisstructuredasfollows:Section1providesabriefintroductiontotheIDMenvironment.
Section 2 discusses the methodology, and Section 3 presents an analysis of the peculiarities of
informationmanagementspecificationfrom2005to2018across9differentcountriesfromNorth
AmericaandEuropewithanotoriousinterestinBIMstandardisation.Section4and5presentsthe
findingsthatcanmakeLODsusceptibletobestandardisedinaglobalcontext.Thepaperconcludes
withsections6and7,containingthemainconclusionsandrecommendationsforfutureresearchon
LODstandardisation.

1.3. LoD as a Process oriented Standard
TheBIMProjectexecutionPlanningGuidefromtheUSmakesexplicittheuseoftheIDMprocess
maps,recommendingtheiruseasamethodtospecifyprojectdata.Thus,BIMmodelnon-graphical
datacanbeefficientlyexchangedwithintheBIMworkflow(NIBS,2007).BerardandKarlshoej
(2012),suggestthattheIDMBusinessProcessModellingNotation(BPMN)languageconsistsof
thefollowingperspectives(seeFigure1):processmap(behavioural),narratives(organisational),
exchangerequirements(informational),andnarrativebusinessrules(functional).Thepresentstudy
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usesArametal.(2010)andCurtisetal.,(1992)descriptionofthepreviousperspectivestostudythe
LODphenomenaintotheIDMcontext(seeTable1andFigure1).

2. MeTHoDoLoGy

2.1. Research Methodology
Groundedtheoryisamethodthathelpresearcherstoconstructtheorybasedoninductivereasoning
(Charmaz,2015).Themethodisqualitativeinnatureandestablishesasystematicapproachtodata
gathering, synthesis,analysisandconceptualisation (Charmaz,2015).Coding,memo-takingand
theoreticalsamplingmethodswereusedasexplainedwithinCharmaz(2015)(seeFigure2).Tocarry
outthecodingstage(Section3),BIMguidelinesandregulationswerecollectedandreviewedfrom
bothgovernmentandprivateinstitutionsfrom9differentcountriesfromNorthAmericaandEurope

Table 1. BPMN perspectives adapted from Curtis et al., (1992)

Perspectives Question Answered About the 
Process Performed Example

Behavioural WhenorHowtheprocessisperformed Projectstage(designstage)orprojectactivities
actions(quantifysystemloads)

Organisational Whoperformstheprocess Rolesinvolvedwithintheprocesssuchas
architectorstructuralengineer

Informational Informationaloutput Attributesexchangedsuchasheightorvoltage
drop

Functional Whatinformationalentityisrelevantfor
theprocess Attributesvaluessuchaswindowwidth

Figure 1. IDM BPMN perspectives adapted from Aram et al. (2010)
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withaninterest inBIMimplementation.Thesecountriesareselectedbecausetheirgovernments
haveademonstratedinterestonimplementingBIMwithintheirindustryandbecausetheyagreedto
implementopeninteroperablestandardsinrelationtotheBuildingSMARTInternationalinitiative
(BuildingSMART,2016).However,itmustbenotedthat23differentcountrieshaveexpressedan
interestondevelopingopenstandards(BuildingSMART,2016).OnlypublicdataavailableinEnglish
languagewasanalysedbutthereisroomforotherresearchestoanalysepublicationsinotherlanguages.
ThereviewofthedocumentsamplinghelpedtofocusourattentiononLODcodesortheoretical
constructs(seeSection4).Duringthememowritingstagethetheoreticalconstructsaresystematically
compared(seeSection4.1).Duringthelaststagecalledtheoreticalsampling(seeSection4.1),the
theoreticalconstructsarecomparedagainstmoretheorytojustifynetbenefits.Finally,Causesand
consequencesoftheoreticalrelationshipsaresoughtandformalisedinatheoreticalframework(Section
5).BarneyG.Glaser(1978,1992),oneofthecreatorsofGroundedtheorymethodologysupports
thatthismethodologyshouldbetriangulatedwithquantitativedata.Thereasonforthisisthatsome
researchersassumethatqualitativedataissubjectiveinnature(Petter,DeLone,&McLean,2008).
Meta-analysisisarecurrentquantitativeapproachtoanalyseliterature.Itisbasedonstatistically
significantresults.However,Petteretal.(2008)hasarguedthatameta-analysisonlyshowscorrelation
betweenconstructsandarenotsuitableforestablishingtheboundariesofatheoreticalframework.
Forexample,itdoesnotallowtoshowthedirectionofcausalitybecausetheresultisaneffectsize
statisticadjustedforcorrelationbetweentwovariables.

Thispreliminaryframework isable toshowtheboundariesof theframeworkand itscausal
directionality.Aqualitativedocumentaryanalysiswasusedtocarryonthecodephaseofgrounded
theory. Therefore, only relevant LOD documents were examined to create the framework.
Notwithstanding,theresearchersencouragetocomplementthisinductivereasoningwithafuture
abductivestage.Thisistestingtheframeworkhypothesisandcreatingbothqualitativeandquantitative
results(forexamplemeta-analysis)whichwillmodifythispreliminaryframework.Thiswillonlybe
possiblewhentheindustryhasreachedanadoptionandmaturitystagefavourableenoughtogather
highqualityquantitiesofmetadata.

3. CoDING STAGe: MeASUReMeNT oF BIM MoDeL 
PRoGReSSIoN IN NoRTH AMeRICA AND eURoPe

3.1. BIM Model element Definitions in North America
IntheUnitedStates,diversecompaniesandinstitutionshaveproposeddifferentdefinitionsinorder
to effectively describe Model Element progression among AEC projects. By the year 2018, 24

Figure 2. Grounded theory methodology
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Specifications,Protocols,guidesandmanualswerecreatedfromprivatecompanies,universities,
stateagenciesandprofessionalassociations.AsshowninTable2threestandardsdefinetheModel
ElementprogressionasLevelofDetail,whereastwentydefineitasLevelofDevelopmentandone
asAccuracyandGrade.

3.2. BIM Model element Definitions in europe
Europe,inthesametrendastheUnitedStateshasapproachedthedefinitionoftheLODfromdifferent
perspectives.Asat2018,16standardsandguidespublishedinEnglishareavailablefromcompanies,
governments,andprofessionalassociations.AsshowninTable3,theLODinEuropeacquiresseveral
definitionssuchasDegreeofDetailing,LevelofDevelopmentorBIMcontentlevels.Inaddition,
onlyintheUKitisdefinedasGradeandLevelofDetail,LevelofAttributing,LevelofDetailand
LevelofmeasurementandLevelofDefinitionwhichisdividedintoLevelofModelDetailandLevel
ofInformationDetail.

4. LoD THeoReTICAL BASe

InreviewingthevariousapproachesthatstandardisationinstitutionshavetakenindevelopingtheLOD
specification,thefollowingobservationhasemergedinrelationtothefollowingBerardandKarlshoej
(2012)IDMperspectives:processmap(behavioural),narratives(organisational),exchangerequirements
(informational),andnarrativebusinessrules(functional).Theguidelinesstudiedoffersomeinsight
whichmightincreaseourunderstandingoftheLODphenomena.ThemostrecurrentLODconstructs
foundwithintheTable2andTable3documentsorganisedasperIDMperspectivesinclude:

• Behaviouralperspective(processmap):
◦ BIM Use:KreiderandMessner’s(2013)definesBIMusesasa“…methodofapplying

BuildingInformationModellingduringafacility´slifecycletoachieveoneormorespecific
objectives…”(Kreider&Messner,2013);

◦ Stage:AccordingtoEadieetal.’sstudy(2013),stagescanbeunderstoodastheproject
lifecycle phases. For example, “…project inception, feasibility, design, construction,
handover,operation,maintenanceandeventualdemolition.”

• Organisationalperspective(narratives):
◦ Role:Withinthisstudy,theseveralstakeholderswhoarecontributingtothedevelopment

ofaBIMproject;
◦ Building Classification System:Theterminologyandsemanticswhichneedtobeutilised

withintheAECindustrytodescribethebuildingentitiesandprocessesduringtheproject
lifecycle(Ekholm&Häggström,2011).

• Informationalperspective(exchangerequirements):
◦ Graphical Information:The3DvirtualrepresentationofaBIMmodel;
◦ Scale:Withintheliteraturecontextthisreferstoaspecificratiorelativetotheactualsize

ofthemodel;
◦ LOD:3DandassociatedinformationprogressionofaBIMmodelalongtheprojectlifecycle.

• Functionalperspective(businessrules):
◦ Attributes:Theexplicitinformationthatdescribesthegraphicalinformationaswellasthe

specificationandbehaviourofanobjectinrelationtotheLOD;
◦ Net Benefits:Withinthisstudy,thisreferstotheextenttowhichLODconstructsimpact

onthecurrentuseofBIMInformationsystems.

ThepreviousconstructsprovideatheoreticalbasefordevelopingamodelforLODimplementation.
Therelationshipsbetweenconstructsaregroupedbasedontheexpectedcausalrelationshipsbetween
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Table 2. LOD standards in North America

Year Organisation and Standard Name Model Element 
Definition Inherited From

2005 [VS]ModelProgressionSpecificationv1(VicoSoftware,2016) LevelofDetail NotFound

2008 [AIA]E202-2008BIMProtocolExhibit(AIA,2008) Levelof
Development [VS]v12005

2010 [VA]TheVeteranAffairsBIMGuidev1.0(AECInfosystemsInc.,2010) Levelof
Development [AIA]2008

2010 [VA]TheVABIMObjectElementMatrixManualReleasev1.0(attributes)(VACFM,
2010)

Levelof
Development [AIA]2008

2010 [VS]ModelProgressionSpecificationv2(VicoSoftware,2016) LevelofDetail [VS]v12005

2011 [VS]ModelProgressionSpecificationv3(VicoSoftware,2016) LevelofDetail [VS]v22010

2011 [ODoAS]StateofOhioBIMProtocol(OhioDAS,2011) Levelof
Development [AIA]2008

2011 [UF]BIMExecutionPlanv1.1(UF,2011) Levelof
Development [AIA]2008

2012 [NYCDDC]BIMGuidelines(NYCDDC,2012) Levelof
Development [AIA]2008

2012 [PSU]BIMPlanningGuideforFacilityOwnersv1.0(CICRP,2012) Levelof
Development [AIA]2008

2012 [TPAofNYNJ]E,AdesigndivisionBIMstandardmanual(TPAofNY&NJ,2012) Levelof
Development [AIA]2008

2012 [USC]BuildingInformationModeling(BIM)Guidelinesv1.6(USC,2012) Levelof
Development [AIA]2008

2013 [AIA]DocumentG202™–2013,ProjectBIMProtocolForm(AIA,2013b) Levelof
Development [AIA]2008

2013 [AGC,AIA,BIMForum]LevelofDevelopment(LOD)Specificationv2013(BIM
Forum,2013)

Levelof
Development [AIA]2013

2013 [AIA]E203-2013BIMandDigitalDataExhibit(AIA,2013a) Levelof
Development [AIA]2013

2013 [AIA]Guide,InstructionsandCommentarytothe2013AIADigitalPractice
Documents(AIA,2013c)

Levelof
Development

[AIA]2008,[AIA]
2013

2013 [NIBS]NationalBIMStandardsUSv3_2.7(NIBS,2013) Levelof
Development

[AIA]2013,[AIA]
2013,[AGC,AIA,
BIMForum]2013

2013 [PSU]BIMPlanningGuideforFacilityOwnersv2.0(CICRP,2013) Levelof
Development [AIA]2013

2013 [PSU]TheusesofBIMClassifyingandselectingBIMusesv0.9(Kreider&Messner,
2013)

Levelof
Development [AIA]2013

2014 [AGC,AIA,BIMForum]LevelofDevelopment(LOD)Specificationv2014(BIM
Forum,2014)

Levelof
Development

[AIA]2013,[AGC,
AIA,BIMForum]
2013

2014 [USACE]MinimumModelElementMatrixM3v1.3(attributes)(USACE,2014)
Levelof
Development
(accuracy)andgrade

NotFound

2015 [AGC,AIA,BIMForum]LODSpecificationv2015(BIMForum,2015b) Levelof
Development

2013[AIA],[AGC,
AIA,BIMForum]
2014

2015 [AGC,AIA,BIMForum]LODSpecificationv2015(attributes)(BIMForum,2015b) Levelof
Development

2013[AIA],[AGC,
AIA,BIMForum]
2014

2016 [AGC,AIA,BIMForum]LODSpecificationv2016(Draft)(BIMForum,2016b) Levelof
Development

[AIA]2013,[AGC,
AIA,BIMForum]
2015
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LOD constructs. Examining the literature review using this relationship structure, helps us to
understandthereasonsbehinditsadoptionorrefusalanditsimpactwithintheframework.Table4,
includesatotalof13pairsofLODconstructs’relationshipsanalysedwithinthepresentresearch.

4.1. LoD Memo Taking and Theoretical Sampling Stage Combined
4.1.1. Scale → BIM Use
TherelationshipsupportbetweenScaleandBIMUsewithintheguidelinesisscarce.Forinstance,
theArchitectural,EngineeringandConstruction(AEC)UKBIMStandard(2009)guidelineproposes
atransitionfromCADtoBIM(AECUK,2009).TheUK,AECBIMStandardv1.0setsapositive
relationshipbetweenscaleandBIMuses(AECUK,2009).Theguidelinecontainsreferencestotypical
drawingscalesforatotalof12BIMusessuchasfabrication,sequencing,energyanalysisamong
others.Theguidelineproposesthatthemodelscalemustbepreparedtosuitthepurposetheproject
isgoingtoserve.Forexample,forenergyanalysis,itsetsapreferredscaleof1:200andamaximum

Table 3. LOD standards in Europe

Year Organisation and Standard Name Model Element Definition Inherited From

2006 [Denmark,BIPS]LayerandObjectStructures2006(Lag-
ogobjektstruktur2006)(Bips,2006) NotinEnglish

2007 [Denmark,BIPS]3DWorkingMethod2006(Bips,2007) DegreeofDetailing
(Informationlevels) NotFound

2009 [UK,AEC]BIMStandardv1.0(AECUK,2009) Grade,LevelofDetail
(Scale) NotFound

2012 [Netherlands,Rijksgebouwendienst]RgdBIM_Standard
v1.0.1EN1.0(Rgd,2012) LevelofDevelopment [AIA]2008

2012 [UK,AEC]BIMStandardv2.0(AECUK,2012) Grade,LevelofDetail
(Scale) NotFound

2012 [UK,BSI]BS8541-3-2012Libraryobjectsfor
architecture,engineeringandconstruction(BSI,2012a)

LevelofDetailandLevelof
Measurement NotFound

2012 [UK,BSI]BS8541-4-2012(BSI,2012b) LevelofAttributing NotFound

2012 [Finland,COBIM]CommonBIMRequirements2012
Series3ArchitecturalDesign(Gravicon,2012) BIMContentLevels NotFound

2013 [Germany,BMVBS]BIMGuidelinesforGermany(BIM-
LeitfadenfürDeutschland)(BMVBS,2013) NotinEnglish

2013 [UK]PAS1192-2-2013(BSI,2013)
LevelofDefinition(level
ofmodeldetail+levelof
informationdetail)

NotFound

2013 [UK,CIC]BestPracticeGuideforProfessional
IndemnityInsuranceWhenUsingBIMsv1(CIC,2013a) LevelofDetail [UK]PAS1192-2-2013

2013 [UK,CIC]BuildingInformationModel(BIM)Protocol
v1(CIC,2013b) LevelofDetail [UK]PAS1192-2-2013

2013 [UK,CIC]OutlineScopeofServicesfortheRoleof
InformationManagementv1(CIC,2013c) LevelofDetail [UK]PAS1192-2-2013

2014 [UK,BSI]BS1192-4_Collaborativeproductionof
informationPart4(BSI,2014) COBie NotFound

2014 [Spain,uBIM]GuíadeUsuariosBIM(BuildingSMART
SpanishChapter,2014) NotinEnglish

2015
[Belgium,ADEB-VBA]BuildingInformationModelling
–BelgianGuidefortheconstructionIndustry(ADEB-
VBA,2015)

LevelofDevelopment [AGC,AIA,BIMForum]
2013

2015
[Switzerland,ErnstBasler+Partner]Building
InformationModeling.PrinciplesofanopenBIM
methodologyforSwitzerland(MaierC,2015)

NotinEnglish
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scaleof1:100.Thiswouldhelptomanagedetaillevelsabovethemaximumrecommended.When
thishappens,theguidelinerecommendsdrawingthemin2Dwhileusing3Dviewsasmetadata.

4.1.2. Project Stage → BIM Use
An example of a moderate support relationship between project Stage and BIM use is the AIA
G202.TheAIAG202findsitusefultodefinedifferentLODsfordifferentusesatthesameproject
milestone.ThisisfreelyassigningthemodelelementperBIMuseataprojectstage(AIA,2013b).
However,thiscanresultinafractaleffectastheMPSv2reviewsuggests(VicoSoftware,2016).The
maindifferencebetweentheAIAG202andtheMPSv3isthatthecombinationofBIMuse,BIM
element,LODonaprojectstagecanbemanagedattheprojectlevelwhenusingtheAIAG202(AIA,
2013b).However,theMPSv3predefinearigidsetofconstructswhichinturnwillbebeneficialto
maintainastandardisedlibraryofcomponentswithattachedinformation(VicoSoftware,2016),but
detrimentalforprojectinnovationandflexibilityofspecification.

4.1.3. Project Stage → LOD
There are a few standards that encourage using Project Stages linked to the LOD. The Danish
3Dworkingmethod2006degreeofDetailingbinds theDanishDBKprojectstages to theLOD
classification(Bips,2007).However,thiscanbeconsideredmoderatesupportasitalsorecommends
itsusewithinotherstages.

NegativesupportbetweentheProjectStageandLODrelationshipisseenintheVicoSoftware
specification(VicoSoftware,2016),theAIAG202(AIA,2013b)ortheAIAE202ModelElement
Table (AIA,2008),which recommendsLODmanagement and its specificationwithin aproject
stageorapercentageoftheprojectstage.DifferentlyfromtheDanishDBK,Vicosoftwareandthe
AIAG202acknowledgesthattheremightbemorethanonemodelversionperdesignphase.Thus,
enablingthereviewofthemodelatvariousprojectmilestones.Similarly,theBIMforumLevelof
specification(BIMForum,2013,2014,2015a,2016b),assumesthatwhentheBIMmodelelements
andsystemsarenotindividuallymanaged,theprojectincurssignificantwasteintermsoftime,cost
andhumanresources.

Onthecontrary,thePAS1192isapureexampleofapositiverelationshipbetweenLODand
projectstagesastheLODisunequivocallycoincidentwiththeprojectstagesmakingeasieralignment

Table 4. Proposed LOD constructs relationships for the inclusion within the LOD framework

Scale → BIMUse

ProjectStage → BIMUse

ProjectStage → LOD

Role → LOD

LOD → Attributes

LOD → Geometry

LOD → Scale

BIMUse → Attributes

BIMUse → Geometry

BIMUse → LOD

Classification → BuildingElements

Classification → Stage

Classification → Attributes
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toUKstandardstagedsubmissionrequirementssuchasforexampletheCICscopeofservicesstage
definitions(BSI,2013).

4.1.4. Role → LOD
ThereislackofstudieswhichinvestigatetheRoleandLODrelationship.TheDanish3Dworking
method2006classifiesthedegreeofdetailingbyactorsi.e.architecture(Bips,2007).Later,BIM
useswouldbeattachedtothisdefinition.Thiscanbeconsideredasamoderaterelationshipasit
isunderstoodthatmorethanoneprofessionalmightberesponsibleforcommonbuildingelements
pertainingdifferentroles.

4.1.5. LOD → Attributes
TheVicoSoftwareLODandAttributesrelationshipcanbeconsideredasmoderate.VicoSoftware
MPSv3proposescreatingahistoricaldatabaseforthecostandschedulewhichcouldbeassociated
withaLODdefinition(VicoSoftware,2016).However,theVICOSoftwarespecificationdoesnot
regulatetheattributesandvaluesneededtodosuchastudy.

ExamplesofstrongrelationshipswhereattributeshavebeenspecifiedasperLODincludethe
following:TheVeteranAffairsBIMObjectElementMatrixprovidesalistofBIMelementswith
itscorrespondentattributesbasedon theAIAE202LODclassification(VACFM,2010).Other
guidessuchastheNYCDDCBIMguidelinesproposerequiredattributesperbuildingsystemwhich
wouldbeamoregeneric approach than thepreviousguidelineexample (NYCDDC,2012).The
USACEMinimumModelElementMatrixM3providesalistofattributesbasedontheirownLOD
specificationwhichhashadlittlefollowerswithintheindustry(USACE,2014).Finally,theBIM
ForumLevelofDevelopment2015and2016recommendsalistofattributesbasedontheAIAG202
LODspecificationandisalsoaccompaniedbyalistofillustrationspermodelelementwhichleaves
littleroomforhumanerror(BIMForum,2015b,2016a).

Version2oftheAECUKBIMStandardbreaksthebindingwithingeometricandnon-geometric
descriptionsofthemodel(AECUK,2012).Itrecommendsthattheinformationismanagedforits
intendedpurpose,meaningthatthereshouldnotbeastraightlinkbetweenAttributesandLOD.Thus,
therelationshipshouldbeconsideredasnegative.

The BSI also created BS 8541-4-2012 Library objects for architecture engineering and
construction–Part4:Attributesforspecificationandassessment–Codeofpractice.Thisguide
proposesadefinitionforlevelofinformationcalledLevelofAttributing.Thisguidelineencourages
usingtheIFCpropertysets,attributesandunitsofmeasure.Thisallowsforinternalandexternal
databaseconsistency.Althoughtheguidelineencouragesusingattributes,itdoesnotspecifythem,
thereforetheAttributeandLODrelationshipcouldbeconsideredasmoderate.

IntheUnitedKingdom(UK),thePAS1192-2:2013definestheLevelofDefinition(LOD).The
documentincludestheLevelofModelDetailwhichdescribesgraphicalinformationandtheLevelof
InformationDetail.Thesecond,onthecontrarystandsforthecontentdescriptionofnon-graphical
models(BSI,2013).However,thereisnotanyreferencetoattributeinformation.Thus,therelationship
couldbeconsideredasmoderate.

4.1.6. LOD → Geometry
VicoSoftwaredescribeshowthe3DshapeshouldberepresentedfordifferentLODs(VicoSoftware,
2016).Forexample,itdescribesthetypediversificationofanobject,itsgeometry,penetrationsand
connections.However,itdoesnotprovideaguideofrequirementsperobject,thustherelationship
couldbeconsideredasmoderate.

The BIM Forum Level of Development specification is intended for professionals engaged
inBIMelementcreation.Theguidehelpstheseprofessionaltorelyonthekindofmodeltheyare
sharingorreceivingintermsofusability(BIMForum,2013,2014,2015a,2016b).Itprovidesan
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imageperLODandashortdescriptionofwhattheimageshouldincludeasthemodelprogresses.
ThelinkbetweenGraphicalinformationandLODisconsideredaspositive.

4.1.7. LOD → Scale
TheUK,AECBIMStandardv1.0andv2.0providesageneralexampleofillustrationsperLODand
scale(AECUK,2009,2012).Theguidelinesrecommendcreatingfittopurposemodelstoensurethe
mostefficientuseofthePCprocessingpower,thereforetherelationshipcanbeconsideredaspositive.

4.1.8. BIM Use → Attributes
TheBSIcreatedtheBS8541-4-2012Libraryobjectsforarchitectureengineeringandconstruction–
Part4:Attributesforspecificationandassessment–Codeofpracticewhichestablishesapositivelink
betweenBIMusesandattributessuchastheConstructionOperationBuildinginformationexchange
(COBie)MVDattributes(BSI,2012b).

4.1.9. BIM Use → Geometry
WithintheAIAG202(AIA,2013b),whichisthenewestversionoftheAIAE202document(AIA,
2008),acoordinationuseisspecified.Itmustbenoticedthatthecoordinationusecanonlybeapplied
afterthemodelhasbeendetailedenoughtoallowforclashdetectionpurposes.Therefore,theBIM
ForumLevelofDevelopmentSpecification(BIMForum,2013,2014,2015a,2016b)introducesa
by-stepLODinbetweenthe300and400LODforcoordinationpurposes.ThisLODiscalledthe
LOD350anditsgraphicalrepresentationisprovidedtocoordinatemodellingefforts.

4.1.10. BIM Use → LOD
GuidelinesprovidemoderatesupportfortheBIMUseandLODrelationship.Someguidelines
proposeauthoriseduseswhicharecloselyrelatedtotheLODdefinition.Thismeansthatthese
guidelinesareonlyreliableundertherecommendeduses.TheVicoSoftwareLevelofDetail
(MPSv1) (VicoSoftware, 2016) defines Geometry (modelling or visualisation), Scheduling
andEstimatingasreliabledataoutputswhenusingtheirspecification.Apositiverelationship
betweenthesetwoconceptsisdescribed:OneimportantlessonlearntfromtheMPSv1isthat
whentheLODisnotfollowedbyanauthoriseduse,thespecificationbecomestoogeneraland
itissubjecttointerpretationbythedesigner.However,anegativeexampleofthisrelationship
is foundwithin theMPSv2.Differently from theMPSv1, this specificationdefinesdifferent
levelsofmodelprogressionperBIMuse.Whenthisisdefinedforeachbuildingmodelelement,
itcreatesaniterationproblemformodelelements,BIMusesandlevelsofdefinitions,which
mightbecounterproductiveforthegeneralisationofLODdefinitions.Wehaveillustratedthis
problemusingthefollowingformula:

Total LOD definitions no of Classes no ofno of Aspects       = ( . ) ..    Building elements 

TheupdatedVicosoftwareproposalforthedefinitionofmodelelementsistheMPSv3.Within
thisspecification,thepreviousproblemisacknowledgedandthecombinationofBuildingelement,
BIMuseandlevelofmodelelementprogressiondependentontheBIMusewasstandardisedand
itsrelationshipspre-setasalibraryofdefinitions.Therefore,apositiverelationshipbetweenLOD
andBIMusewasestablished.

BoththeAIAE202andtheAIAG202documentssupportthestudiedrelationship(AIA,
2008,2013b).TheAIADocumentE202definesauthorisedusessuchasconstruction,analysis,
costestimatingandscheduleasperLOD.Similarly, in theAIAG202,whichis thenewest
versionofthedocument,acoordinationuseisaddedandapreviouslydefinedconstruction
useissubtracted.
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ApositiverelationshipbetweenBIMUseandLODisexplainedwithintheStateofOhioBIM
Protocol(OhioDAS,2011).ThisguidelineusestheAIAE202todefinerequiredusesforbuilding
permissionpurposesasthemodelprogresses.However,itdoesitindependentlyofprojectstages.

DifferentlyfromtheUSA,inEurope,narrativedescriptionshavebeencreatedtodescribethe
LOD.Forexample,the3DWorkingMethod2006inDenmarkcontainsanarrativedescriptionof
modelprogressionwhichincludesnon-authorisedusessuchasmodelling,estimatingcoordination,
planning, logistics, operations andmaintenance and fabricationperformance (Bips, 2007).Non-
authoriseduseswithinthisstudyareuseswhicharelinkedtoaverygenerallevelofdetailgivingrise
totheauthorsinterpretation.Therefore,therelationshipsupportcouldbeconsideredasmoderate.

TheBS 8541-3:2012establishapositiverelationshipbetweenthreedifferent levelsofdetail
whichattendtodifferentBIMuseseachonesuchascoordination,quantitytakeoffandvisualisation
(BSI,2012a).Furthermore,itcombinesalevelofmeasurementwhichwillsetthebasisforadetailed
definitionofthemodelelementanditspreparationforquantitytakeoffspurposes.Meaningthatfor
amodelelementtobeusedforaspecificBIMuse,itmustbedetailedtopurpose.

ThePAS1192-2:2013definestheLevelofDefinition(LOD)andintroducesanarrativeforeach
levelofmodelprogressionfromwhichthefollowingBIMusescanbededucted(BSI,2013):Design,
Analysis,Coordination,Sequencing,Estimating, fabrication, captureof as installed information,
operation,maintenanceandperformance.ThisimpliesamoderaterelationshipbetweentheLOD
and BIM Use relationship. Similarly, the Common BIM Requirements 2012 introduces textual
descriptionsperlevelofmodelprogressionwherecertainBIMusescanbedeductedfrom.Forexample,
communicationandcollaboration,energyanalysis,construction,schedulingandcontractorpurchasing.

4.1.11. Classification → Building Element
TherearefewinitiativesconsideringtherelationshipbetweenclassificationandBuildingElement
categories.Vicosoftwareestablishapositiverelationshipbetweenclassificationandbuildingelements
asitusesaclassificationsystemtodescribeabuildingobjectinmoredetailastheprojectprogresses
(VicoSoftware,2016).

Similarly, in Finland, the Common BIM Requirements 2012 encourages agreeing on the
informationbeforehandusingtheArchitect’sModelcontentrequirementstablewhichusestheTalo
2000classification (Gravicon,2012).Thisgives thedesigners the freewill toorganise theBIM
contentlevelperstage.Theguidedemonstratesthattheproductnamingevolveswiththeobject,for
exampleforLevel1,buildingpartsarenamedusingadescriptionoftheobject,whereasforLevel2
thereisaclearnamingconventionandcostinformationcanbeinferredfromthemodel.

WithintheAIADocumentE202TM–2008BIMProtocolExhibit(LevelofDevelopment)(AIA,
2008),amodelelementdefinesacomponent,systemorassemblywithinabuildingandtheseare
representedbytheConstructionSpecificationInstitute(CSI)UniFormatTMclassificationsystem.
However,theGuide,InstructionsandCommentarytothe2013AIADigitalPracticeDocuments(AIA,
2013c),recommendsusingadifferentclassificationsystemifrequiredaccordingtothecomplexity
of theclassificationsystem,thenumberofdifferentusers,familiaritywiththeclassificationand
evaluationof theModeluseand translation torequiredsoftware.Forexample,Masterfomatand
Omniclassarerecommended.Similarly,TheBIMForumLevelofDevelopmentSpecificationuses
theAIAG202-2013LevelofDevelopmentdefinitionsusingtheCSIUniformat2010(BIMForum,
2013,2014,2015a,2016b).

Furthermore, within the Denmark_3D Working Method 2006 (Degree of Detailing), it is
encouragedthattheDBKnationalclassificationisusedtodefinethebuildingmodel(Bips,2007).

ThePAS1192isanexampleofaregulationthatstablishesalinkbetweensystemsorproduct
withaclassificationsystemsuchasUniclassandthecostplan(BSI,2013).TheBSIalsocreatedthe
BS8541-4-2012Libraryobjectsforarchitectureengineeringandconstruction–Part4:Attributes
forspecificationandassessment–Codeofpractice(BritishStandardsInstitution,2011).Thisguide
recommendsusingmeasurenamingconventionsbasedontheBSISO80000-1.
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4.1.12. Classification → Stage
Thereisascarcityofguidelinesrecommendingbestpracticetoaddresstheclassificationstage
relationship. However, the PAS 1192-2:2013 suggests using the CIC scope of services stage
definitions(BSI,2013).

4.1.13. Classification → Attributes
Adifferenttrendhelpstoclassifyattributesperclassificationsystem.Forexample,theObjectElement
matrix,whichisacompendiumofBIMmodelattributesforeachbuildingelementisreferencedusing
theOmniClassandUniformatclassificationsystem.TheattributesevolveinlinewiththeAIAE202
LODdefinition(VACFM,2010).TheattributesareclassifiedaccordingtodifferentBIMusessuch
ascostingrequirements,constructionlogisticsorassetmanagementamongothers.Themodelauthor
wouldchoosetheappropriateelementandLODfortherequiredBIMuseandwouldpopulateits
BIMmodelwiththedescribedattributes.

5. THeoReTICAL FRAMeWoRK ReSULTS

Theguidelines’supportfortherelationshipsbetweenLODconstructsaresummarisedinTable
5.WereplicatedPetteretal.’s (2008)methodologyused tocreateamodel for Information
Systems Success with slight modifications to adapt the methodology to the current study.
However,itshouldbenotedthatthepresentstudydoesnotbaseitsconclusiononotherstudies´

Table 5. Summary of LOD guidelines relationship support

Relationship Positive Moderate Negative Result

Scale → BIM Use (AECUK,2009) NA

Project Stage→ BIM Use (VicoSoftware,2016) (AIA,2013b) NA

Project Stage → LOD (BSI,2013) (Bips,2007)

(AIA,2008,2013b;
BIMForum,
2013,2014,
2015a,2016b;
VicoSoftware,
2016)

Negative
support

Role → LOD (Bips,2007) NA

LOD → Attributes (BIMForum,2015b,2016a;NYCDDC,
2012;USACE,2014;VACFM,2010)

(BSI,2012b,
2013;
VicoSoftware,
2016)

(AECUK,2012) NA

LOD → Geometry (AECUK,2009,2012;BIMForum,2013,
2014,2015a,2016b)

(AIA,2008,
2013b;
VicoSoftware,
2016)

NA

LOD → Scale (AECUK,2009,2012) NA

BIM Uses → Attributes (BSI,2012b) NA

BIM Use → Geometry (AIA,2013a,2013b) NA

BIM Use → LOD (AIA,2008,2013b;BSI,2012a;OhioDAS,
2011;VicoSoftware,2016)

(Bips,2007;BSI,
2013)

(VicoSoftware,
2016) NA

Classification → Building Elements
(AIA,2008,2013b;Bips,2007;
BSI,2012b,2013;Gravicon,2012;
VicoSoftware,2016)

Positive
support

Classification → Stage (BSI,2013) NA

Classification → Attributes (VACFM,2010) NA
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empiricaldataasthescientificresearchontheLODfieldconstructsisnon-existent.Onthe
contrary,awiderangeofLODguidelinesexist.Therefore,afteraqualitativeanalysisofthe
LOD pair of constructs’ relationship was carried out, we summarised the level of support
aspositive,moderateandnegative.Weassignedvaluesof1.0pointtoeachoftheprevious
categoriesrespectively.Thetotalpointssummedupforeachoftherelationship’ssupportwas
dividedbythetotalofstudies.Inordertoclassifytherelationshipbetweenstrongsupport,
moderate support, or negative support, a percentage distribution was proposed. Positive,
moderateornegative supportwasassignedwhen thepercentageofpaperswithapositive,
moderateornegativesupportrespectivelyresultwasintherangeof70-100%.Wechoosea
highpercentagetomeasuresignificantresultsasifwehadchosenpercentagescloseto50-
100%or60-100%, itwouldhavebeeneasy toassignsignificant results toacategorywith
asimilarsignificantnumberoflabelledcategories.Whentherewerelessthan5guidelines
describingtherelationshiporresultsintherangeof0-69.9%,theresultwascategorisedas
havinginsufficientdatatodrawaconclusion(NA).InthesametrendasPetteretal.’sresearch,
thisstudydoesnotaimtoprovideamerequantitativeapproach,buttosuggestareaswhere
theLODconstructrelationshipneedstoberesearchedfurther.

Figure 3 presents a LOD model which relates LOD constructs’ pairwise comparisons and
IDMperspectivesfromsection1.3.Themodelintendstoprovideaframeworktodeterminecausal
influencesindefiningNetBenefitsarisingfromitsusageinprojects.

The quantitative study shows that there is insufficient data to draw conclusions for
mostoftheunitofanalysis(seeTable5).However,thereisstrongsupportforthefollowing
relationships: Negative support for the LOD → Project stage and Positive support for the
Classification → Building Element. There is not sufficient data to establish a direct link
betweenNetBenefitsandthestudiedrelationships.However,thenetbenefitsfoundwithinthe
literaturehavebeensummarisedinTable6forfutureframeworkvalidation.Forexample,it
wouldbeusefultoinvestigatewhetherLODdefinitionsthatcloselydefinebuildingelements
perclassificationyieldgreater reliabilityofexternaland internaldatabases.Similarly,one
couldalsoinvestigatewhethertheLODdefinitionsthatbindLODperprojectstagesleadsto
poorvalueengineeringperformance.

Figure 3. IDM-LOD framework. Support for interrelationships between LOD constructs.



International Journal of 3-D Information Modeling
Volume 7 • Issue 1 • January-March 2018

43

6. IMPLICATIoNS AND DISCUSSIoN

Theresearchersacknowledgethatitmightbedifficulttoisolatetheimpactofoneconstructonthe
overallLODperformancewithinaproject.However,thestudyofthepreviouspairsofrelationships
willhelpresearcherstoqualitativelyassessNetbenefitsasshowninTable6.ThemeasuresofNet
benefitshavebeenclassifiedperpairofconstructsandnegative(-)andpositive(+)impactonLOD
performance.Forexample,aprojectstagecloselylinkedtoaLODdefinitionmightleadtopoorvalue
engineeringperformance.However,asstatedpreviously,theproposedrelationshipsandconsequent
netbenefitsshouldbetestedtovalidatetheproposedconclusions.

7. CoNCLUSIoN

AgroundedtheorymethodologyhasbeencarriedouttocreateaframeworkforLODimplementation
withintheIDMwhichwillfacilitatefutureresearchonLODimplementationinInformationSystems.
Thetheoreticalconstructsthatconformtheframeworkcanbeclassifiedasfollows:BIMUse,Lod,
ProjectStage,Role,BuildingElement,Classification,Scale,Attributes,NetBenefits.Moreover,
theseconstructcombinationshaveanoverall impacton theLODperformance,whenmeasuring
performanceasNetBenefits.Bystudyingtheinterrelationsbetweenpairsofconstructs,ithasbeen
possible tosuggestNetbenefits fromLODimplementationsuchas IncreasedModelReliability,
EnhancedValueEngineering,EnhancedAttributeValidation,ReliabilityofExternalandInternal
Databases,e-Submission,LeanDesignamongOtherssuchasRisk,CostandSchedulePrediction.
However,thekeyperformanceindicatorsneededtomeasurethesuggestedNetBenefitsareoutof
thescopeofthisresearch.Thecreationofcasestudiesusingthedescribedcumulativeframework
willhelptosetvaluablekeyperformanceindicatorstobeusedbyinformationmanagerstoevaluate
theimpactofdifferentLODapproachesonaBIMmanagedconstructionproject.

Table 6. Net benefits associate to pairwise relationship constructs

Scale → BIM Use + Transition From CAD to BIM (AEC UK, 2009).

ProjectStage → BIMUse -AprojectstagedoesnotconstraintaBIMuseasitwillaffect
negativelythefreedomofusechoice(Kreider&Messner,2013).

ProjectStage → LOD
+Alignmenttocountrysubmissionstandards(BSI,2013).
-Valueengineering(VicoSoftware,2016).
-Wastetime,cost,humanresources(BIMForum,2013)

LOD → Attributes
+Attributesvalidation(Solihin&Eastman,2015),Historical
databaselink(VicoSoftware,2016),Avoidswasteoftime,money
andresourcesduringdesign(BIMForum,2015a).

LOD → Geometry +Avoidswasteoftime,moneyandresourcesduringdesign(BIM
Forum,2015a).

LOD → Scale +TransitionfromCADtoBIM(AECUK,2009).

BIMUse → Attributes
+Attributesvalidation(Solihin&Eastman,2015),Historical
databaselink(VicoSoftware,2016).,Avoidswasteoftime,money
andresourcesduringdesign(BIMForum,2015a).

BIMUse → LOD +Modelreliability(VicoSoftware,2016).
-FractaleffectifdefinedpereachBIMuse(VicoSoftware,2016).

Classification → Building
Elements +Reliabilityofexternalandinternaldatabases(VicoSoftware,2016).

Classification → Stage +Reliabilityofexternalandinternaldatabases(VicoSoftware,2016).

Classification → Attributes +Reliabilityofexternalandinternaldatabases(VicoSoftware,2016).
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TheconstructsintroducedwithinthispaperandtheframeworkforLODimplementationdescribed
couldbeconsideredatoolforfutureresearchdevelopmentforthefollowingreasons.First,itprovides
acomprehensiveviewoftheLODconstructs’impactonprojectperformance.Second,itcompiles
abroadrangeofresearchandguidelineswhichtendtobedispersedandmakesitcoherentforits
holisticstudy.Third,thedepictionoftheLODusingtheIDMlanguagewillhelpresearchersand
professionalstofindpathsforInformationSystemsimplementationimprovement.Fourth,thepresent
studycanbestudiedasacumulativeframework,wherenewresearchontheconstructscanbeadded,
thusallowingresearcherstopointtowardsdirectionswherefurtherworkisneeded.

ThepresentresearchcompilesalimitedamountofLODguidelinesfromAmericaandEurope.
Forexample,guidelineswhichwerenotwritteninEnglishwerediscarded.Furthermore,Asiaand
Australasiawereexcludedfromtheanalysisastheresearchersfoundthestudiedguidelinesenough
tofulfilthesenseofsaturation.Furthermore,onlyqualitativeresultsweregathered.Theauthorsof
thisstudyencouragetotesttheframeworkgeneratedhypothesisinbothaqualitativeandquantitative
way.ThiswillredefinethedirectionandstrengthoftheLODconstructs´pairwiserelationshipswithin
thepresentedframeworkandconsequentlywillallowitsuseforfutureLODresearch.
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