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ABSTRACT

Thisarticledemonstratestheevolutionarydevelopmentofaseriesofinter-varsity,interdisciplinary,
collaborativearchitecturaldesign/managementworkshops,usingindustry-standardBIMsoftware,
withinacommunityofacademics,studentsandpractitionersinDanish,IrishandUKarchitectural
technology(AT)universities.Thisarticle,pertheauthors,proposesthatthecurrentdigitalrevolution
in the architectural, engineering, construction and operations/owner-operated (AECO) sectors,
necessitatesaplannedchangeprocesstosimulate21stcentury,interdisciplinary,professionalpractice
inacademia.Theactionresearchmethodologyofthisisoutlined.Aftereachofthefourdynamicand
cyclicalstages,thereflectivepractitionersdiscusstheirdevelopmentoftheprofessionalcurriculum:
defined as an active-learningprocess.The students are active collaborators: joint change agents
inaprocessoftransformationallearningasfutureemployeesandambassadorsforthebenefitsof
collaborationutilizinginformationcommunicationtechnologies(ICTs).

KEyWoRDS
Architectural Technologist Emerging Role in BIM Adoption, Collaborative BIM Workflows, Constructive 
Alignment of AECO ICT Education and Practice, Simulated Cloud-Based Collaboration

INTRoDUCTIoN

ThenegativeeffectsofadversarialattitudesamongthosefromArchitecture,Engineering,Construction
andOperations/Owner-operated(AECO)backgroundsintheindustryhasbeenhighlightedbyvarious
reportsadvocatingtheneedforinter-disciplinaryworkingskillsfromthoseenteringpractice.The
educationofthoseintheAECOsectorisdeterminedincollaborationwithprofessionalbodiesand
educationalqualityassuranceagencies(e.g.,QAA,2014;QQI,2016)thatratifythisrecommendation.
This presents a challenge for Higher Education Institutions (HEIs) to devise opportunities for
collaborativeworkingacrossdisciplines,traditionallyeducatedin‘silos’and,moreimportantly,to
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encourageinnovationintheassessmentofthelearninginvolved.Thechallengeoftennecessitates
anattitudinalshiftwithintheeducatorsinHEIs,oftenaccusedofmimickingandperpetuatingsaid
adversarial behaviours in practice, and accustomed to autonomousworking (Schein, 1972).The
educatorsinthisresearchcametogetherinitially,throughInternationalCongressonArchitectural
Technology(ICAT)networkingandErasmusexchange,asprofessionalswhoaimtousetheirresearch
toimprovetheirandtheirstudents’effectivenessaspractitioners.Theyidentifyafeasible‘specific
changetarget’toinstigateachangeprocesstowardscollaborativedesignandinformationmanagement
education(Schein,1972):acollaborativeBuildingInformationModelling/Management(BIM)project
tosimulatetheproblemsof21stcentury,inter-disciplinarypractice.Thistakestheformofayearly
tri-varsity,inter-disciplinary,fictitiouscollaborativedesignworkshopusingBIMandcloud-based
informationcommunicationtechnologies(ICTs),devisedincollaborationwithDanish,IrishandUK
architecturaltechnology(AT)HEIs,professionalpractitionersandsoftwaredevelopers.Theworkshop
introducescollaborative (BIM)workflows to the studentsacross the three institutions;primarily
withstudentsfromArchitecturalTechnology(AT)andConstructionManagementprogrammes,but
laterincludesSustainableEnergyEngineering(SEE4)andQuantitySurveying(QS4)students.The
multi-nationalapproachallowsstaffandstudentstoexperienceandlearnfromtheimplementationof
BIMwithinotherinstitutionsandtoappreciateandlearnfromthenuancesofeachATprogramme.

This article presents the cyclical process of the development of the workshop following its
inceptionthroughitsfourevolutionarysessionstodate;SheffieldHallamUniversity(SHU),March
2015;VIAUniversity(VIA),October2015,WaterfordInstituteofTechnology(WIT),November
2016,andSHU,November2017.Inseekingtoexploretheimplementationofeffectivestrategiesin
theapplicationofICTsinarchitecturaltechnologypractice,duringandattheendofeachworkshop
thecollectiveusetheirfindingstogeneratepossibilitiesforchangewhicharethenimplementedand
evaluatedasapreludetothefurtherinvestigationinthesubsequentworkshop(Denscombe,2014).
Thefourthworkshopextendstheparticipatoryactionresearchtoco-collaboratorsfromprofessional
practice enhancing opportunities for change; a positive, paradigmatic shift (Kuhn, 1996); away
fromadversarialrelationshipsbetweentheAECOdisciplinesinpracticeandeducation,andforan
evaluationoftheimpactofthefindingsoninter-disciplinarypractice.

BACKGRoUND

Devising Architectural Technology Education Collaboratively
Theconceptthattheprojectteaminpracticeiscomposedof‘domainexperts’eachwithwell-defined
andexplicitfieldsofknowledge(Penn,2008)isrecognisedinthisresearch.Emmitt(2002)states
thatoverthelastfiftyyearssuccessivegovernmentreportsandmuchresearchhaveencouragedthose
in thebuilding industry toworkmorecollaboratively to repair thedamagedoneby increasingly
fragmentaryandadversarialrelationships.Egan(1998),buildingonLatham(1994),statesthatwhilst
theUKconstructionindustryat itsbest isexcellent, there is toomuchclientdissatisfaction, low
profitabilityandlittleinvestmentincapital,researchanddevelopment,andtraining.TheEganreport
istheworkofaTaskForceofindustryspecialistsinformedbytheirexperienceofradicalchange-to-
improveinotherindustries.Itrecommendsfivekeydriversofchange;committedleadership,afocus
onthecustomer(clientorend-user),integratedprocessesandteams,aqualitydrivenagenda,and
commitmenttopeople.Thewayofachievingreducedcost,constructiontimeanddefectsisthrough
radicalchangestotheprocessesbywhichprojectsaredelivered:specifically,throughthecreation
ofamoreintegrateddesignandconstructionprocess(Egan,1998).

Onconsiderationofthethreemainphasesofaconstructionproject;conceptualdesign,detail
design,andsiteassembly; thereare twoidentifiable links in thesethreesequentialactivityareas
wherethetransferenceofinformationiscrucialtothefaithfulrealisationofthebuildingprojectfrom
conceptiontocompletion.Architecturaltechnologistsareideallyplacedtoactasthisconstructive
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link(SocietyofArchitecturalandAssociatedTechnicians,1984)andthemoreeffectiveandclearthe
communicationisbetweentheparticipantsintheprocess,thebetterthecompletedbuildingwillmeet
thebeneficiaries’needs(Emmitt,2002).Technicalknowledgeandskillarenotenoughinpractice;
theparticipantsinabuildingprojectmusthavethenecessarysocialskillstoworktogethereffectively
andefficiently (Emmitt, 2010).This social interactionmightbe face-to-faceor, increasingly,by
meansofICTs.

The more recent HM Government report, Construction 2025 (Department for Business,
Innovation,andSkills,2013)providesanupdateonthefutureaspirationsoftheconstructionindustry.
Thishasfivevisionsforthefutureoftheindustry;broadlytheyenvisageadiverseindustrywith
rewardingandattractivecareerprospects,aworld-leaderinresearchandinnovationwhichembraces
ICTsandsmartconstruction,sustainable throughdesign,cost,supplyandlife-cycleefficiencies.
TheConfederationofBritishIndustry(CBI,2012)reportsthatbusinessesrequiregraduateswith
work-relatedskillsandtheflexibilitytohelptheorganisationtoevolveinthefaceofcontinuousand
rapideconomicandtechnologicalchange.IntheUK,theQAAbenchmarkstatementforarchitectural
technology(QAA,2014)isrevisedeverysevenyearsbutperhapsthisperiodistoolong:employer
surveyshavereportedsucharapidlychangingworkplacethatitisdifficulttopredicttheskillsrequired
ofgraduateseveninthenexttwoyears(Helyer&Lee,2014).Thisfutureuncertaintycannotjustbe
assumedbutthroughcollaborativeresearchbetweenacademia,industryandprofessionalbodies,the
futureintegrationofICTsinthepracticeofarchitecturaltechnologymightbecomemorepredictable.
Avocationalcoursesuchasarchitecturaltechnology(AT)canbedevisedwithanevolvingcurriculum
whichreflectssuchchangesinprofessionalpractice.

Research to Create Empathy Between Teacher and Learner
Researchandlearningbothinvolvepersonalgrowthanddevelopment.Brew(1988,citedinBrew
&Boud,1995)statesthatresearchislearning.Thinkingandcriticalreflectionarerequiredofthe
researcherasthelearner.Thelearningprocessandconcomitantacquisitionofknowledgecanbe
rationalizedandpredictedbut socanallowing for learningwhich isunplannedandunexpected.
Researchassumesastrictscientificparadigmyetmanyacademicswhopresenttheirresearchknow
thatitdidnotoccurinthismanner(Brew&Boud,1995).Thenatureofresearchasaprocessof
learningmeansapresumptionoflearningfrommistakesandfailures.Learningas‘comingtoknow’
isnotjustaboutpredictable,guaranteedknowledgeacquisitioninthelearnerviagamesandcalculi
withfixedrules.

InHEIs,researchintolearningrequiresclarificationoftheconceptsofunderstanding,meaning
andthinking(Wittgenstein,1968).Themethodologyneedstobedevisedappropriatelyinaccordance
withaclarificationoftheepistemologicalstructureofthetypeoflearningunderinvestigation.Learning
isalsoaboutcreatingbothindividuallyandsocially-constructedknowledge.Thepropositionhereis
thattheepistemologyofarchitecturaltechnologyisofsociallyconstructedknowledge:allseemingly
objective conclusions are ultimately founded upon the subjective conditioning/worldview of its
researchersandparticipants(Ernest,1991).Researchisconcernedwithmakingmeaning;makingsense
ofchaos;andthetranslationandtransferenceofthisintonormative,understandableexplanations.It
iscontentiouswhetherdoingresearchislikelytoenhancepedagogicalskills,butitcanincreasethe
teachers’knowledge,interestandenthusiasmfortheirsubject(Brew&Boud,1995).Iftheresearcher
isfocussedonthedesiretoteachmoreeffectively,thentheresearchneedstobecentredonstudent
learning:necessitatinginvestigationofthefactorswhichleadtostudentsuccessinlearning.

Research to Enhance Academic Professional Practice
Traditionally, researchhasbeen regardedasanesotericpursuit, separate from teachingpractice.
BrewandBoud(2013)suggestthatthepoliciesfortheprofessionaldevelopmentofacademicsneed
tofocusnotontraditional(andoftenseparate)individualresearchbutonlearningwhichemerges
fromthesocialprocessesofpractice.Academicsshouldbeofferedopportunitiestodeveloptheir
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ownpracticethroughparticipationintheexemplarypracticeofothers(Boud&Brew,2013).AtVIA,
the traditionalmethodof teachingArchitecturalTechnologyConstructionManagement (ATCM)
coursesinaccordancewiththe‘focusedmethod’(i.e., in‘silos’)hadbeenabandonedinthelate
seventiesinfavourofthemoremulti-disciplinary,project-orientatedpedagogicalmethods,andlater
problem-basedlearning(PBL).ThiswasaboutthesametimeasPBLwasintroducedatHarvard
UniversityintheUSAandotherinstitutionsinEurope,suchasLimburguniversitetetinHollandand
HälsounviversitetetinLinköping,Sweden(Pettersen,2001).VIAhashadaninternationalATCM
coursecomprisingstudentsfromamultitudeofcountriesworkinginmultinationalgroupsfromthe
veryoutsetofPBLinDenmark.ThesestudentsworkingroupswithPBLprojectsthroughoutthe
wholedurationoftheirundergraduateeducation.Therefore,VIAeducatorsareconfidentthattheir
studentsarewell-equippedforthefirsttri-varsitycollaborationinOctober2015.Asubstantialpart
ofthestudyinPBLisworkinginbasicgroups.Theideaisthatthegroupwillfunctionasasupport
networkfortheindividualstudent,andisasafe,socialplatformforthelearningprocessandthelearning
effort(Pettersen,2001).WhilstSHUandWITusePBLasthebasisfortheirstudioprojectbriefs
withinter-modularlearning,thereislimitedcollaborative,inter-disciplinaryPBLbetweencourses.

PBLasalearningmethodisbasedontheprincipleofusingproblem-solvingasavehicleforthe
creation,acquisitionandintegrationofknowledge(Barrow&Tamblyn,1980).Onbeingpresented
withtheproblem,thelearnermustidentifyandsearchfortheknowledgetheywillrequiretodealwith,
andperhapssolve,theproblem(Ross,1991).Itisanactive-learning,student-centredpedagogical
approach.Inprofessionaleducation,theproblemsareoftensimulationsofreal-worldscenarios:thus,
legitimizingtheproblembygivingitrelevance(Pettersen,2001).TheBIMWorkshopispredicated
onPBLsothestudentsareonlypresentedwithabriefandgivenintroductorylecturesfromkeynote
speakersinindustry.Theyareusuallygivenabasic3Ddigitalarchitectural/structuralmodeland
initialtutorialsonthesoftwareprotocols.Theeducatorsfromthethreeinstitutionsarealwayson
handoverthetwo/threedaysforguidanceandsupport.Priortotheworkshop,theSHUeducators
introducedthestudentstoTuckman’s(1994)fourphasesofteamwork;‘forming,storming,norming,
andperforming’;asamodelfortheirreflection-on-actionintheirteams(Schön,1983).Ananalogous
modelisperceivedbythecollaborativeeducatorsastheyappraiseandre-devisetheworkshopthrough
itsevolutionarystages.ThisincludesTuckman’sfifthphaseof‘adjourning’intheevaluationofeach
workshopasthepreludetothesubsequentworkshop.

Attheendofeachcycleoftheworkshop,everystudentparticipantisrequiredtopresenttheir
solution to theproblem in their tri-varsity, inter-disciplinarygroups. Incontrast to the, arguably
progressive, collaborative educationalmodel atVIA, the “focusedmethod” is used atSHUand
WITas thebasisfor theirATcourses.The lattercourseshaveaspecialistdisciplinaryfocusfor
theircurriculumandsitwithinadepartmentwithotherrelated,yetdistinct,AECOdisciplines(with
tentative collaboration across thedisciplines).TheATCMcourse atVIA teaches a combination
of disciplines comprising architecture, construction, structural design, installations and project
management:thestudentsbecomegeneralistsinallthesefieldsofconstruction.TheTri-varsityBIM
Workshop, interestingly,affords themixingofspecialists fromafocused-methodpedagogywith
generalistsfromthePBLpedagogicalmethod.Duringandattheendofeachstageoftheworkshop
development, reflection on practice and learning, by both students and educators, is part of the
participatoryactionresearch.

A Need for Change in ICT and CAD Management Education
Harty’s(2012)thesisinvestigatestheemergingroleofthearchitecturaltechnologistastheprofessional
whocanmanagetheintegrationofthefragmentedareasofspecializationinthedesignandconstruction
processbytheuseofbuildinginformationmodelling/management(BIM).Waterhouse(2014)states,
inthe2014NBSNationalBIMReport,thatitistheinformationcontainedintherepresentational
BIMmodelthatisreallyvaluableinthedesign,constructionandbuildinglife-cyclephases.Harty
concludesthatthereisaskills’shortageinBIModelling/Managementwhichneedstobeaddressed
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byeducation.Thehigh-qualityinformationcontainedinthedigitalmodelcanreducerisk,savingthe
clienttimeandmoney.Theconsequenceofmoreprojectcertaintyforclientsandcontractorsbyusing
BIMwilldriveitsadoptionintheindustryaccordingtoHarty(2012).Hespecificallyinvestigatesthe
impactofdigitalizationonthemanagementroleofthearchitecturaltechnologistinpractice:proposing
thatthedisciplineofarchitecturaltechnologymightcrosstheboundariesofdifferingprofessions.

New technologies and approaches to production are creating new areas of expertise. This
digitalization evolution warrants research into its impact on practice in the AECO sector, and
thealignmentof theassociatededucation inHEIs inorder toprepare the futureworkforce.The
currentprocurementmethodsneedtobeunderstoodandarecentraltofuturepractice:collaborative
(relational) contracts and Integrated Project Delivery (IPD) approaches can foster an equitable,
creativeenvironmentandvalueformoneyfortheclient(Emmitt&Ruikar,2013).Indeed,Emmitt
andRuikar (2013)contend that traditionalprocurementperpetuatesadversarialbehaviourunlike
projectpartneringandstrategicalliances.

However,anyelectronicinformationsystemisoperatedbyhumanbeingsandwhilstthisisa
challengeitisalso,arguably,anadvantage:peopleareyettobeeclipsedbyartificialintelligence
(Dreyfus, 1992).Emmitt (1999)believes that informationmanagement, not design, is crucial to
competitiveserviceprovision.Informationistransferred,codifiedanddisseminatedandthisvaries
accordingtotheprojecttype,durationandprocurementmethod.Itsoptimizationisdependenton
theefficacyofthesocialnetworkandtheappropriateapplicationofICTs.Firmsthatcanplantheir
communicationstrategiesintelligentlywillensurecompetitiveadvantageinaninformation-driven
industry(Emmitt,1999).ThisresonateswithEgan(1998)whoadvocatesthatradicalchangestothe
processesbywhichprojectsaredeliveredwouldcreateamoreintegrateddesignandconstruction
processandeventualIntegratedProjectDelivery(IPD)orIntegratedProjectInformation(IPI).It
isobvious to theauthors that associatedchanges inprofessionaleducationareneeded.Theyset
themselvesupasinternationaleducational‘changeagents’andsoughtliked-minded‘changerole
models’ from industry (Schein, 1972). The workshops’ goal was to enable participants to gain
experienceofhowCADManagementandICTscanoptimizeandconnect teamsworkingacross
disciplinesduringakeyphaseofasimulatedarchitecturaldesignproject.

Inmanagingthisevolutionarychangeprocess,theultimategoalsarecontinuouslyre-examined:
itisadynamicandcyclicalprocessreinforcedbythechangeagentsfindingappropriatecollaborators
alongtheway.Any‘thoughtleaders’intheevolutionofdigitaltechnologiesintheAECOindustry
are believed to be apt ideological change role models. This is a symbiotic relationship between
academia,practitionersandsoftwaretestersanddevelopers,involvedinplannedchange.Thelearners,
asconsumersofeducationand futureusersof software,areacrucialgroup in thechangeagent
collective:theirfeedbackispivotaltothesuccessoftheventure.Theworkshopcollaboratorsfrom
industry/practice (architectural, structural, environmental and MEP), professional education (AT
academicsandstudents),andsoftwaredesignanddevelopment(Autodesk)contributecollectively
totheevaluationoffindingsfromeachworkshop.

Managing the Planned Change Process
Ultimately,Schein(1972)warnsthatinfluencingachangeprocesscannotbepresumed.Rather,it
isoftenthecasethatdisciplinaryanalysisandtheassociatedproposedchangeprocesshavelittle
impactduetotheconservativenatureofprofessionalpracticeandeducation.Resistancetochange
shouldbeanticipatedandusedtoreformulatetheultimategoalsalongtheway.Theplannedchange
processmightvaryinimpactwithineachinstitutioninvolvedduetothepeculiaritiesofprofessional
accreditationandtheeducationalcultureineachcountry.

Crucially, the participants might be loath to relinquish the traditional ways of thinking and
learning and, therefore, might resist learning newconcepts and ideas, newattitudes andvalues,
and new patterns of behaviour and skills (Schein, 1972). However, in the authors’ experience,
anythingrelatedtoICTinnovationisusuallyreadilyembracedbystudents.Theeducationalsocial
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system integrates educators and learners, both of whom are learning and have a part to play in
thetransformationofsaidsystem.Theessenceofaplannedchangeprocessisthe‘unlearning’of
presentwaysofdoingthings(Schein,1972)andthispresentsthegreatestchallengetotheplanned
change.Theproceedingobservationandappraisalofeachworkshopisconceptuallybasedonthe
threesequentialstagesofSchein’sdynamicandcyclicalmodelofplannedchange;thatis,Stage1:
‘Unfreezing’(‘unlearning’),Stage2:‘Changing’andStage3:‘Refreezing’(Schein,1972).Inso
doing,itisborneinmindthatnochangewilloccurunlesstheparticipantsareoperatinginacontext
of‘psychologicalsafety’(Schein,1972):thatis,theyfeelthatitissafetogiveupoldwaysofdoing
thingsandtolearnsomethingnew(Ratcliffe,2008).Workingwithinnovatorsintheindustryadds
credibilitytothesocialsystemofchange.However,forchangetobesustaineditneedstofitinwith
theeducationalcultureofeachinstitutionsothe‘refreezing’willvaryandmightbedonethroughthe
creationofsub-cultureswithineachorganization.Ateachsequentialstageoftheworkshopevolution,
thecollectivereviewssystematicallythedrivingandrestrainingforces.Inidentifyingkeybarriersto
changeandwhatforcesareactingonthesebarriers;betheysocial,operational,logisticalorcultural;
afuturechangeprogrammewhichovercomesthebarriersiscreatedandinformsthenextworkshop
inthesequence.Theworkshopishostedbyeachofthethreeinstitutionsinturnanditisagreedthat
thehostingnationshoulddecidethethemeforeachworkshop.Thisisinitselfapotentialbarrierto
maintainingthefocusoftheplannedchangeprocess.

Action Research Methodology: The Cyclical Process of Development
Inresearchingthefutureofarchitecturaltechnologyeducation,theprofessionsconcernedmustbe
opentoamoreinformed,structuredandimaginativeapproach(Ratcliffe,2008).Allcollaborators
inthisresearchhaveacommonbeliefthattheBIM‘revolution’willcreateaparadigmshift(Kuhn,
1996)intheepistemologyoftheATdiscipline.Thus,arguably,futurepredictionspremisedonthe
dominanttraditioninBuiltEnvironmentresearchofempiricistandretrospectivedatacollectionare
flawed.Aquantitativeanalysismethodologycreatesknowledgeaboutthepastwhilstoneneedsto
makedecisionsaboutthefuture.Instead,aspecialapproachisrequired:thisseriesofcollaborative
workshopsispremisedona‘scenariolearning’technique,basedonaprospectivemethodological
approach (Ratcliffe,2008).This isaction research: theactiveand interestedparticipationby the
researchers in the issue and processes being investigated so that they can identify, appraise and
conjecturepotentialsolutions.Thepropositionhereisthattheepistemologyofarchitecturaltechnology
isofsociallyconstructedknowledge:allseeminglyobjectiveconclusionsareultimatelyfoundedupon
thesubjectiveconditioning/worldviewof itsresearchersandparticipants.Theintentionofaction
researchistoeffectachange:knowledgegainedthroughreflection-on-actionisusedtoinstigate
anevolutionarychangeandalso,crucially,to;createknowledgeabouttheprocessofchange,the
consequencesofthischange,andaboutthenatureofthechangeitself(Fellows&Liu,2008).Action
researchiscomplexandassuchisappropriateforthestudyofcollaborativepracticeintheAECO
sectortoinformeducationandpractice.Theeducatorsareeffectingeducationalchangewithintheir
institutionsandthestaff,studentsandpractitionerparticipantsarecontributingtoindustrysoftware
developmentandadoptionof21stcenturywaysofworking.Theworkshopcollectiveisbeginning
toengageindisseminationandformalresearchinordertoenhanceandsystematizetheirreflection-
on-action(Denscombe,2014).

THE WoRKSHoP EVoLUTIoN: PATHWAyS FoR FUTURE LEARNING

Theactionresearchstrategyfocussesontheauthors’researchaim:tochangetoimprovetheadoption
ofICTsintheoptimizationofcollaborativeworkingwithininter-disciplinaryeducationandpractice
in theAECOsector.Thestrategy is togain firstanunderstandingof theproblems insettingup
andusingthesoftwareandhardware inorder toworkcollaboratively(Workshops1and2).The
authorsevaluateeachworkshopthroughasurveyofthestudentparticipantstoconfirmthattheir
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knowledgeandunderstandingofBIMsoftware/protocolsandinter-disciplinarycollaborationhasbeen
enhanced.Theauthorscollectivelyevaluateeachworkshopduringandattheendofeachsession.
Thelaterworkshopsinvolveindustrycollaborators,includingAutodeskasprovidersofthecloud-
based,collaborativesoftware.Theworkshophostusesthisevaluationtocreatethebriefforthenext
workshop.Thisisthenappraisedinconsultationwithmultidisciplinarypractitionersandsoftware
providersasestablishedmembersofthecollective.Inaddition,asresearchersand/orpractitioners,
theauthorsinvestigateseparatelyandcollectivelytheirownpractice,bothintheacademicandreal-
worldcontexts,withaviewtoalteringtheseinpursuitoftheresearchaim.Insodoing,theauthors
employformalandinformalresearchtechniquestobegintoenhanceandsystematizethatreflection.
Thefollowingisanoutlineofeachsequentialworkshopanditsreflectiveevaluationasanaction
researchpreludetothesubsequentworkshop.

March 2015: Workshop 1 – Geoff olner, Frances Robertson (SHU)
OneoftheauthorsfromSHUhadvisitedVIAinordertosetuptheErasmusexchange.Thisrelationship
wasdevelopedindevisingthefirstworkshopviaemailandSkypeconversationsbetweenallthree
partnerinstitutions.TheworkshoptookplaceovertwodayshostedbySHU,launchedwithsome
keynotesspeakersfromAutodeskandarchitectural(technology)practice(Figures1and2).Student
participants(someafterindustrialplacement)werefromtwoofthetri-varsitycollectiveandfrom

Figure 1. Workshop 1 poster
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theuniversitiesofDerby,HuddersfieldandSheffield.Theparticipantsworkedonagivensimple
Revitmodelandworkedintheirteamstodividethemodelintoworksets.TheauthorfromVIAgave
anintroductiontotheconstructionmanagementsoftware,Sigma,onthesecondday.Heattended
theworkshopasascopingexercise.Theworkshopdidnotlinktoanymodulebutwassetupasa
symposiumforinterestededucatorsandstudents.

Reflection, Appraisal, Proposed Changes
TherewerevaryingdegreesofsuccessamongstthegroupsinusingbothRevitandthecostingand
programmingsoftware.Thefeedbackfromstudentparticipants,gainedviaasurvey,conveyedthatboth
theirknowledgeanduseofBIModelling/Managementsoftwarehadincreasedduringtheworkshop.
Allparticipants enjoyed thecultural exchange.Educators surmised that theworkshop shouldbe
longer,morestructuredandthereshouldbemorelecturesandtutorialhelpwiththeimplementation
ofthesoftware.Thecollectivegainedexperiencerelatedto;teachingcollaborativePBL,technical
requirements for setting up the hardware and the software for the workshop, simulating cross-
disciplinaryworking,andideasforcreatingassessmentinstrumentswithinmodulesfromtheworkshop.

october 2015: Workshop 2 – Ernest Müller, Per 
Christiansen (VIA), Liane Duxbury (SHU)
VIAteachingstaffsettheassignmentfortheworkshopincollaborationwithSHUandWIT.The
workshopbeganwithakeynotespeakerfromanenvironmentaldesignconsultancyoutliningacase
study.A3DBIM-model,comprisingacolumn-beam,load-bearingstructureandtheemptyshellof

Figure 2. Workshop 1 brief
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abuildingwasgiventothegroups.Eachgroupwasaskedtocome-upwithanarchitecturallayout
proposalforanofficebuildingorshoppingmallwithintheconfinesofthesaid3Dmodel.During
theworkshop,thegroupswerealsorequiredtoconductaRevitday-lightinganalysis(Figure3)of
thebuilding(requiredbySHU),acostestimate,andtheschedulingoftheimplementationofthe
project(includingthecashflowforcosts).SoftwaresuchasRevit(3Ddesign),SefairaArchitecture
andRevitpluginfordaylightanalysis,Sigma(costestimation),andMS-Project(scheduling)were
usedastoolstoachievethedesiredresult.Theproposalwasdeliveredas3D,4Dand5D.Thiswas
amulti-disciplinarytask,whichrequiredtheinvolvementofseveraldisciplinesand,becauseVIA
alreadyusedit,PBLwasusedas thepedagogicalmethodfor theworkshop.Teachingstaffgave
introductorylecturesinconnectionwiththeassignmentandanintroductiontonewsoftware.Educators
fromacademiaandpracticewereonhandduringtheworkshop.

Presentationsofgroupproposals,andhowtheyarrivedatthem,tookplaceattheendofthe
three-dayworkshop,andallgroupmembersparticipatedinthepresentation.Studentswereawarded
marksaspartoftheirrespectivemoduleswithineachinstitutionfortheirfinalpresentations.

Reflection, Appraisal, Proposed Changes
AnauthorfromSHUhaddeliveredapresentationatthebeginningoftheworkshoponaspectsof
collaborationintheSHU,ATcurriculum.VIAhadtakenSHUandWITeducatorstomeetfinalyear
ATCMstudentswhohadshownthemtheirprojectportfolios.Atthedebriefsession,theeducators
agreed that the next workshop should continue to allow this highly valued educational/cultural
learningandexchange.ThestudentshadexperiencedtherigoursofaDanisheducationtimetable:
anearlystartandlongdays.Theprospectoftheincorporationofstudentsfrommoredisciplineswas
mootedbyWITandwelcomedbythecollective.ThepedagogyatVIAispremiseduniquelyongroup
workingandthepartnerinstitutionsfelttheycouldcontinuetolearnalotfromthiscollaborative
educationalmodel.

However,themixingofstudentsofthetwopedagogicalmethodsatthetri-varsityworkshop
presentschallengesinthecreationofanewstructureforstudent-basedlearning.Itcouldbearguedthat
thestudentsfromVIAwhoareusedtoPBLwouldfinditeasiertoworkinthecollaborativeworkshop

Figure 3. Workshop 2 daylight analysis
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environmentandgetbenefitfromitthanthestudentsfromSHUandWITwhowerenotusedtoPBL
(Godden&Baddeley,1975).OneofthefirstchallengesinordinaryPBL-learningistoestablisha
commonculture,conducivetocooperationbetweengroupmembers(inthiscase,betweenspecialists
andgeneralists)whilstsimultaneouslyestablishinganenvironmentforteachingstaff,whoseroleitis
tomotivatethelearningprocess,toempowerthestudents,togivedirectionand,occasionally,answer
questions.Itiscounter-productiveifteachingstaffreverttoteachinginaccordancewithtraditional
methods.ThePBLenvironmentparticularlyhaspronouncedchallengesbecauseoftherequirement
forprocessskillslikeprojectmanagement,communicationandcollaboration:theculturaldiversity
inthePBLgroupsnecessitatetheseskillsfrombothstudentsandeducatorsinadditiontodeveloping
theirtechnicalabilities(Kolmos,Du,Holgaard,&Jensen,2008).Theactionresearchreflection-on-
actionrecognisesthisacquisitionofsocialandmanagementskillsasthepotentialsubjectoffuture
systematicandrigorousenquiry.

November 2016: Workshop 3 – Gordon Chisholm, 
Brian Dempsey, Robin Stubbs (WIT)
WIThostedthethirdworkshopandinvitedotherWIT,AECOprogrammestotakepart(SEE4and
QS4).Thisallowedthedevelopmentofabriefthatcovereddesign,structure,solar,energyandwind
andcostanalysis.ThebriefwastoredevelopWaterfordNorthQuays;recentlydesignatedaStrategic
DevelopmentZoneinJanuary2016;witheighttowers,eachapproximately10,000m2andaminimum
of thirty storeys tallwitha50/50mixbetweenofficeand residential accommodation.TheBIM
collaborativeprocessforWITATstudentsbuiltuponthepreviousacademia-industrypartnership
project,completedinMay2013,inwhichacommercialprojectatthetenderstagewasshadowedby
WITArchitecturalTechnology,QuantitySurveyingandConstructionManagementstudents,who
hadthenpresentedtothepracticedesignteam.Theoutcomesfromthisidentifiedthebenefitsof
real-world,problemsolvinginthestudents’educationalongwithenhancedengagement/participation.
Althougheachdisciplineworkedwellintheirrespectiveareas(silos)collaborationwaslimiteddue
totheallocatedprojecttimeoneachprogramme.Thisprojectwaspresentedasapaperatthe2013
ConstructionITAlliance(CitA)BIMGathering(Thomas,2013).

IntheBIMWorkshoptherewereeightteamsofninestudentsmixedevenlybetweenHEIsand
disciplines.Afundamentalelementtotheestablishedworkprocesswastheformationofaninth
teamcomprisingofonepersonfromeachteamwhowoulddevelopandcoordinateamasterplanfor
theoverallsiteandfeedthisbacktotheirrespectiveteams.TheNorthQuaysProjectdevisalbuilt
upontheearlierfeedbackandexpandedtheroleoftheWIT,Architectural&BIMTechnology,Year
3students.Afullmodule(ArchitecturalCommunication&BIM5)wasdedicatedtotheworkshop.
Inpreparation,thestudentssetupandmanagedacommondataenvironment(CDE)usingAutodesk
BIM360,invitingteammemberstojoin,developedaBIMexecutionplan(BEP)includingGantt
charts,preparedprojectRevitfileswithsharedco-ordinatesandsetupfilemanagementandnaming
conventionsasperBS11922007+A22016.Thisallservedtobreaktheicewithinthestudentteams
astheyallcontributedandagreedtheirrolesandresponsibilitiesonmeetingduringthefirstmorning.
PriortothistherewasaculturaltripinKilkennywithakeynotetalkbyaninternationalexpert,Chris
Bakkala, in tower structural engineering. His presentation was exceptionally informative for the
studentsandstaffandinformedthebasictowerdesignandanalysis,inparticular,coredesignand
“hidingfromthewind”.Thekeyoutcometothepreludewastoestablishaclearprojectmanagement
structureforthedeliveryofacoordinatedteamtodesign,analyseandcostan(atleast)30-storey
mixed-usebuildingaspartoftheredevelopmentofWaterford’sNorthQuay,allwithefficienttime-
management.Throughouttheworkshop,thestudentscollaboratedwithintheirownteams,across
teamsvia themasterplanning team,and inside their respectivedisciplines todeliver a complex
buildingdesign,masterplannedandcostedwithineffectivelyatwo-dayworkshop.Theenergyand
enthusiasmthateachstudent,teamandHEIhasbroughttotheworkshopswasagainclearlyevidentin
thefinalpresentations(Figures4-10):theNorthQuaysProjectwaspivotalincementingtheon-going
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Figure 4. Workshop 3 sketch designs

Figure 5. Workshop 3 sketch designs
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andevolvingcollaborationbetweenthethreeinstitutionsandconsolidatedembeddingBIModelling/
Managementwithintheirrespectiveprogrammes.AtSHU,anewLevel6‘Inter-disciplinaryPractice’
modulewasdevised:reflection-on-learningintheworkshopandthepsychologyofgroupworking
areincorporatedintothecontentandassessmentofthismodule.Thechallengeofthisassignment
isthestipulationofanindividualsubmissionfromacollaborativeactivity.Oneoftheauthorswas
fundedthroughanErasmusExchangegrant.

Reflection, Appraisal, Proposed Changes
ReflectingontheWaterfordworkshopproposedthatfutureprojectsmightbesetaroundthedelivery
ofatallbuilding.ThissuitsallthreeHEIsastallbuildingdesignisnotcoveredanywhereelseontheir

Figure 6. Workshop 3 design development

Figure 7. Workshop 3 wind analysis
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programmes.Itwasalsoproposedtomaintainthepreludesetupanddevelopreal-timecollaboration
duringtheworkshop.TheWIT,SEEandQSprogrammeswillattendfutureworkshopsandSHU
educatorsintendinvitingotherSHUdisciplinestotakepartthusconsolidatingthe‘refreezing’ofthe
plannedchangethroughintra-departmentalosmosisoftheBIMWorkshopcollectivesub-culture.

However, a challenge arises in connection with extending the groups with new disciplines,
fromworkshoptoworkshop.Asthegroupsgetbiggerandbigger(fororganisationalandlogistical
reasons),themoreunmanageablethegroupworkbecomes,andthelessandlessthedisciplineson
theperipheryofthegroupfeelapartofthesocialnetworkofthegroup.Learningisasocialand
interpersonalprocessandhappensbyvirtueofrelationshipswithinthegroups(Pettersen,2001).
Participation,dialogueandreflectionarekeytotheunderstandingofgrouplife,groupprocessesand

Figure 8. Workshop 3 daylight analysis

Figure 9. Cost analysis: Procurement
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interactionswithinthegroup.Allmembersmustbeengaged,tosomeextent,inactivecooperationto
beabletocallitacollaborativegroup.Itisaboutinteractioninface-to-facerelationshipsinvolving
closephysicalandsocialcontact.Theideaisthatthegroupmustfunctionasasupportiveandsafe
socialplatformtofacilitatetheindividual´slearning,andthisisthecatalystfortheindividual´sand
group´slearningprocess.

Anexamplewithregardtothetri-varsitygroupwork,especiallywherethe“focusedmethod”
studentsareconcerned,isthatitisdifficultforsomespecialistdisciplines(e.g.,theQuantitySurveyors)
totakeownershipof,forexample,thearchitecturalproposalandbepartofthesocialfabricofthe
group,astheymightnotbeactiveintheinitialdesignprocessandareusuallywaitingtoparticipate
untiltheveryendoftheassignment.However,insomeinstancesQS4studentspreparedinitialdesign
costingsandamended theseas thedesigndeveloped,playinga leading role in the teams.These
studentshadjustreturnedfromindustrialplacementandofferedalottothegroups.

TheidealsizeforgroupsinaPBLsettingisfromthreetoninepersons(Pettersen,2001).Because
ofthemanydisciplinesinvolved,theBIMWorkshopgroupsareonthevergeoftheideal.Student-
centeredlearningemphasizesthehands-onapproachtosolvingtheassignmentanditisimportantthat
thestudentscommunicatewithoneanotherandtheteachers(Kolmosetal.,2008).Itisalsodifficult
todeterminestudents´participationlevelinlargegroups,andwaysmustbefoundtoengageeveryone
inthegroupindiscussionsonallissues.Thequestion,therefore,fortheplanningoffutureworkshops
iswhether thestudentsfromthespecialistpedagogicaleducationalmodelshouldbeexpectedto
participateandtakeownershipofthewholeproject.Adiscussionofthisleadstothequestionof
whetherthetheontologyofthearchitecturaltechnolgistisasaspecialistorageneralist,oramix
(andinwhatproportions)ofboth.Thispresentsnewresearchopportunitiesintothecollaborative
educationofmixed-pedagogicalmethodgroups,andintothedisciplinaryidentityandeducationof
thearchitecturaltechnologistinthedigitalizationoftheAECOsector.

November 2017 Workshop 4 – Frances Robertson, Geoff olner 
(SHU), Tiberius Gruia, Lee Mullin, Philipp Müeller (Autodesk)
The fourth workshop in November 2017, hosted by SHU, aimed to enable integration between
student,educatorandpracticeparticipants.Thethemewasafictitiousredevelopmentofanexisting
disusedtowerblockinSheffield.Indevisingtheworkshop,oneoftheauthorsfromSHUcreateda
simultaneousparallelworkshopforindustrydisciplinaryprofessionalsfromarchitectural,structural
andbuildingservicesspecialisations.Thus,itwasanticipated,extendingtheworkshoptopractitoner
participantsandcreatingopportunities to learnfromindustryprofessionals,extending theaction
researchcollective.ContactsmadethroughalocalBIMcollective,‘SteelCityBIM’,wereconsultedon
thescopeandrelevanceoftheworkshopforlocalsmalltomediumenterprisepractitoners.Sheffield
InnovationProject(SIP)fundingwassecuredfortheventureandincludedanindustrynetworking

Figure 10. Final renders of group towers
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dinnerattheendoftheworkshoptopromoteandcelebratethecollectiveeffort,allowingthescoping
offutureinterestedpartiestojointhecollective.TwooftheauthorswerefundedthroughanErasmus
Exchangegrant.

ThisworkshopbuiltonanexistingincorporationoftheproductsandservicesofferedbyAutodesk
intheirAECOportfolioofsolutions.Specifically,throughcollaborationbetweentheeducatorsand
Autodesk,theworkshopwasdevelopedtointroducethestudents(andpractitionerparticipants)tothe
benefitsofcollaboratinginthe‘cloud’usingAutodeskRevit,A360CollaborationforRevit,A360
TeamandA360Glue.ThroughAutodesk,thelicensesforthesoftwarewerearrangedwellinadvance
oftheworkshopstarting,enablingthestudentstocommunicateandformtheirgroupsremotelyin
theweekspriortotocomingtogetherphysicallyduringthethree-dayworkshop.TheWITstudents
createdaBIMExecutionPlan(BEP)forallgroupstofollow.Thestudentandpracticeparticipants
wererequired tocreateanarchitectural3Dmodel fromagiven3Dstructuralmodel.Theywere
thengivenaschematic3DMEPmodelontheseconddayoftheworkshopandusedclashdetection
softwaretoidentifyanddesignouttheunacceptableclashescollaboratively,betweentheircreated
disciplinarygroupswithintheirprojectteams.Thefinalgrouppresentations,includingthepractitioner
groups,werelessfocusedonthequalityofthedesignbutmoreon;theprocessofthecreationofthe
groups,reflectiononefficienciesofworking,andtheintricaciesofinformationcreation,flowand
managementduringtheclashdetectionandresolutionprocessbetweenthedisciplinaryrepresentatives.

Reflection, Appraisal, Proposed Changes
Indevisingtheworkshopforindustryparticipants,itwasrealisedthatthisintroducedasignificant
challengetocreateanexercisethatwasrelevanttocommercialpractice.Inmanywaysthiswassimilar
tothechallengeofunderstandingthedifferencesbetweenthelearningofthestudentsfrommixed-
methodpedagogicaleducationalmodels:sociallyconstructedknowledgeisbelievedtodependenton
thecontextofthecreationofthatknowledgeandis,therefore,subjective.Researchwithinacademia
canproduceunfathomable,self-referential,findingsirrelevanttopractice;researchintopracticecan
beanunchallengingreaffirmationofthestatusquo,oftendrivenbycommercialinterestsandstifling
toacademia.Thepractitionerswouldneedaworkshopwhichiscommerciallyrelevanttojustifythe
timetakenoutoftheofficetoparticipate.Thecloud-enabledcollaborationdid,however,caterfor
remoteparticipation.

Relatedtothis,therewasanegativereactiontoparticipationfromarchitecturalpracticesthatuse
different3Dmodellingsoftware:theconcomitantbarrierstoinformationexchangeacrossplatforms
has,antithetically,inhibitedtheirinclusionintheworkshopexercise.Resolvingthisisanon-going
taskandanotherpotentialfocusoftheresearch-informedevolutionofthetri-varistyandindustry
collaboration.Positively,theinvolvementofpractitionersandeducatorsinsymbioticknowledge-
creationisbeingusedtoinformpracticethrougheducationandviceversa.Indisseminatingthis
researchaspartofanon-goingprocess,theauthorsareaimingtocontributetotheapplicationof
theoryintopracticefortheATprofessionalsofthefuture.Theanalysisofqualitativedataviaasurvey
ofallparticipantsisapossiblemethodfortranslatingtheworkshopfindingsintoanactionplanto
feedbacktheresearchdirectlyintopractice.

CoNCLUSIoN

TheultimatecollectivegoalistoalignATeducationtopractice.Studentfeedbackconfirmsthatthey
gainedmoreexperienceandunderstandingofhowICTscanoptimizeandconnectteamsworking
acrossdisciplines.Thefourthworkshopallowsafocusedsimulationofusingclashdetectionsoftware,
buildingontheearlierintroductiontoBIMworkflows.Studentreflectionatteststhatthishasseveral
benefitsbuttheycriticizethecommunicatorinthesoftware,preferringface-to-facecommunication
wherepossiblebutamoreimmediatesimulationofthiswhenworkingremotely.Therelevanceof
theworkshopisguaranteedthroughtheinvolvementofchangeagentsandrolemodelsfromsoftware
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companiesandpractice,someofwhomarecurrentstudentsoralumni.Themembersofthetri-varsity
collectivebelievetheinter-disciplinarycollaborationbetweentheircoursesisbeingenhanced,opting
tocontinuetodevelopthetri-varsityworkshop.However,withintheirorganizationsthereisstillwork
tobedonetofindopportunitiesforintra-departmentaleducationalcollaboration.Futureworkshops
needtobecarefullydevisedalongastrategiclineofdevelopmentwhichfollowingprevioussuccess;
perhaps,continuingtofocusontheintricaciesofinformationmanagementwithintheuseofICTsin
theAECOsector.Inconclusion,Table1identifiesandsummarizestheimplementationandfindings
oftheactionresearchstrategyineachsequentialworkshop.

Actionresearchbydefinitiondoesnotreachaconclusionperse:itisnotanendinitselfbut
anon-goingmeanstodiscoveringandrevealingnewresearchquestions.Inthisparticularinstance,
thechangeagentcollectiveisgrowingandaffirmingtheadoptionofthesimulationofcollaborative
practiceusingICTsinATeducationandpracticethroughdisseminationoftheirfindings.Theyare
searchingforevidencetoreinforcethatprofessionalarchitecturaltechnologistsareideallyplaced
totakeonemergingrolesassociatedwithBIMadoptionintheindustry.Thiswillnecessitatean
appraisaloftheacquisitionofsocialandtechnicalskillsintheapplicationofcollaborativeICTs.The
collectivehavepresentedtheirwork-in-progressattheConstructionITAlliance(CitA)conference
inDublin,inNovember2017.TheyappliedtopresentatAutodeskUniversityinLondoninJune
2018.ThepotentialforrelatedandtangentialresearchtotheBIMworkshophasbeenalludedtoin
theprecedingdiscussion.Throughengaginginnormativeresearchprojects,whichthewidersubject

Table 1. Summary of each workshop

Workshop Reason for 
Workshop

Workshop 
Methodology Workshop Focus Main Workshop 

Findings Impact on Change

1(Mar.2015) •Scopingexercise
•BIMSymposium

•Surveyparticipants
•Participatoryaction
research

•Keynoteson
collaborativeBIM
softwaredevelopment
appliedtopractice
•ICTinter-
disciplinary
workflowsusing
Revit,SigmaandMS
Project

•Studentslearned
aboutdigitaltoolsto
enablecollaborative
working
•Educatorsinformed
aboutlogistics
andhardware
requirements
•Consolidationof
BIMcollective

•Aimtointegrate
workshopinto
curriculum
•Preludetonext
workshop

2(Oct.2015)

•Collaborative
digitaldesign,
analysisanddelivery;
3D,4D&5D

•Surveyparticipants
•Participatoryaction
research

•Keynoteon
sustainabledesign
analysis(SDA);
workshopexperience
ofSDAatconcept
designphase
•ICTinter-
disciplinary
workflowsusing
Revit,RevitDaylight,
Sefaira,Sigmaand
MSProject

•Studentslearned
aboutdigitaltoolsto
enablecollaborative
workinganddesign
analysis
•Educatorsinformed
aboutlogistics
andhardware
requirements
•ChallengesofPBL
andgrouplearningin
thecurriculum

•Preludeto
nextworkshop;
confidenttoseek
toincludemore
intra-departmental
disciplines
•Workshopbeing
incorporatedintothe
curriculum

3(Nov.2016)

•Collaborative
digitaldesign,solar,
wind,energyandcost
analysis

•Surveyparticipants
•Participatoryaction
research

•Collaborativetower
designafterkeynote
frominternational
expert
•StudentsfromQS,
SEE,ATCM&AT

•CreationofCDE
usingABIM360,
productionofBEP,
filemanagementand
namingconventions
asperBS11922007
&A22016

•Workshop
predicatedon
industry-academia
researchproject
•Aimtofocus
oninformation
management

4(Nov.2017)

•Collaborative
digitaldesign,and
clashdetectionand
resolution

•Surveyparticipants
•Participatoryaction
research

•Cloud-enabled
collaboration;
architectural,
structuralandMEP
•Parallelworkshop
forpractitioners

•Focuson
information
managementand
industrystandard
protocols
•Real-timemodel
synchronization

•Realopportunityto
extendtheworkshop
integrationwith
practice
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communitycanunderstand,thecreationofasuccessfulsystematicchangeprogrammeincollaborative
workingcanbeevaluated.Therehasbeententativeachievementofthecollectiveaimasreflectionon
itsownisnotenoughinactionresearch(Denscombe,2014).Importantly,throughfuturesystematic
andrigorousresearchprojects,alludedtowithinthispaper,thecollectivemayaddtotheresources
whichcanbeusedtoachieveimprovementinacademicandprofessionalpractice.
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