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ABSTRACT

INTEGRATINEEMASA TEACHINGOOUN EXISTINGONSTRUCTION

MANAGEMENCURRICULAICASESTUDY

Buildingdesignand constructiondeliverymethodsare becomingmore complexwhile
constructiondurationsare simultaneoushbeingreduced. Todaythe constructionindustryisleveraging
technologiesncludingBuildinginformationModeling(BIM)to improveprojectdelivery. BIM
applicationsare usedin the constructionindustryasthe platform on whichdesignbuild andintegrated
projectdelivery(IPD)is practicedto completeconstructiontasksuchas:lift and shopdrawings,cost
estimatingand costmanagementgenerationand analysisof project scheduleslogisticsanalysisand
projectmarketing. BIMtechnologiesare alsousedto facilitate more clearcommunicationbetweenall
membersof a buildingprojectdevelopmentteam. Literaturereviewand professionakxperiencereveals
that the constructionindustryneedsgraduateswith someaptitude for BIM. Further,an experiential
understandingof BIM applicationss imperativefor constructionmanagemengraduateso navigatethe
growingcomplexitiesof projectdeliveryto meetindustrydemand.

Thisstudyinvestigatedthe integrationof BIMwithin an existinggraduatetevel construction
managementourseat ColoradoStateUniversity(CSU).Anexploratorysequentialcasestudyapproach
wasimplementedto conducta crosssectionalstudy of quantitativeand qualitativedata. The
investigationis groundedin the researcher'ngoingprofessionalvork in facilitiesmanagementat CSU,
andareviewof literature to establishthe needfor BIMexposure experienceand aptitudein the
constructionindustry. Thisstudyinitially exploredBIMintegrationandteachingmethodologiesn the
architectureand engineeringdisciplines. Theresearcherappliedthe expandinguseof BIMin

architecturalengineeringeducationto inform technologyintegrationwithin constructionmanagement



curricula. Asurveywasdistributedto gatherdataon the studentexperiencewith BIMaswell astheir
pre rand post classperceptionsof the learningopportunitiesand outcomesof BIMintegrationin a
graduateconstructionmanagementourse. After compilingthe datafrom quantitative Likertscale
items,the researcherconductedpairedsampled tests:comparingthe samepeopleon one variable,at
the pre testandposttestinterventionfor studentstakingthe CON571 class.Theobjectiveof running
the pairedt testswasto determineif studentperceptionsof their experiencewith BIMandassociated
developmentplanningassignmentsvere significantlydifferent before and after takingCON571. A
significantdifferencein the meanat pre test and post test wasobservedandresultssuggesthat the
studentswere learningthe technologyandthe coursematerialsat the sametime.

Thestudyleveragedhe researcher'svork asUniversityArchitectand Managerof Capital
Designand Constructiorat ColoradoStateUniversitycoupledwith a parallelappointmentto teachthe
FacilityPlanningand Managemenf{CON571)course.Theresearchehastaught CON571,eachfall, for
elevenyears,andthis casestudyfocuseson three semestersvhere BIMwasfully integratedinto the
existingcurricula.Thecourseusedactualprojectsin variousstagesof developmenton ColoradaoState
University’scampusand sequentiallytaughtthe projectdevelopmentprocess.Thecontentandteaching
usedBIMto alignassignmentslirectly with the developmentprocessstartingwith masterplanning,
building,programming project marketing,conceptualbuildingdesign buildingcodeanalysiscost
estimating,schedulingwith logisticsplanningand concludedwith constructiondocumentation.Through
the integrationof three dimensionatechnologiesthe buildinginformation modelsevolvethroughthe
durationof the courseandresultin a detailedfacility that wasoriginallyidentified on the student’s
conceptualmasterplan.

Anexploratorycasestudyapproachwasimplementedto conducta crosssectionalstudy of
guantitativeand qualitativedatathroughliterature reviewresearch professionakxperienceand

interactions,surveysandanalysisTheinvestigationis groundedin the researcher'ngoingprofessional



work, andareviewof literature to establishthe needfor BIMexposure experienceand aptitude in the
constructionindustry.

Thestudyprovidesevidencethat BIM canbe successfullyntegratedinto existingconstruction
managementurriculato promote the critical thinking, planningand problemsolvingrequiredof
successfutonstructionmanagemengraduatesand practitioners. BIMwassuccessfullysedasatool
to teachthe existingcurriculumin CON571whichfocuseson the projectdevelopmentprocessat
ColoradoStateUniversity.Theresultsrevealedthat the studentslearnedthe existingcoursematerial,
emergingdeliverymethods,andthe BIMtechnologiesimultaneously.Thisstudysuggestdhat BIMcan
be integratedinto existingcurriculumandthat separateclassegocusingon the technologyitself may
not be needed.Thestudyalsoillustratesteachingmethodologiesdevelopedin the subjectcoursethat

canbe utilizedin other coursego supportthe integrationof BIMacrossexistingAECcurricula.

Identifiedin the literature reviewand supportedby the researchersvork experiencethis
researchbuildson currenteducationaland professionapracticesusingBIMtechnologiesn design,
constructionanddevelopment.Theresultsare helpful for professionalsnvolvedwith both the teaching
andpracticeof integratedproject delivery,specificallydesignbuild. Thatsaid,continuingefforts to
integrateBIMinto ConstructionManagementeducationis needed.Furtherresearchshouldfocuson
teachingmethodologiesmore mobile andsite basedtechnologiesandthe adaptationof this
parametric,datadriventool to encouragediscoveryandinnovationin both project documentationand
delivery.BIMisrapidlychanginghe way buildingsare procured,constructedanddelivered.Preparing
constructionmanagemenstudentsto leverageBIM applicationswhile still obtaininga solid
foundationalCMknowledgebase,is paramountfor preparingstudentsto enter a quicklyadvancing

ArchitecturalEngineeringand ConstructionAEC)ndustry.
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AEdndustry

BuildingModel

DesigrBuild

Discipline

FastTrack

Parametric

LISTOFKEYWORDS

Architecture,Engineeringand Constructionindustry.

Thevirtual or electronicrepresentationof the constructionprojectto

inform the physicaldevelopment.

Constructiorprojectdeliverymethod wherethe Ownerholdsone
contractwith the designbuilder. Dueto projectbondingrequirements,
the designbuilderis usuallythe generalcontractorwho contractswith
the architect,engineerandrequiredsubcontractordo completethe
contractedscopeof work. DesigrBuild often allowsfor fasttrack

projectdelivery.

Asrelatedto a specificbody of studyor practice.

Developinga projectwith anaccelerateddesignand construction
schedule.Constructionwork is startedwhile the designwork is still in

progress.

Inreferenceto the BuildinginformationModelingdatabasethe
capacityto changedatain one modelview and havethe change

reflectedin all other modelviews.



Pedagogical Educationaparametersthat influenceinstructionoften basedin theory.

Virtual A computergeneratedrepresentationof a physicalobject

GanttChart A mechanisnto graphicallyscheduleandreview constructionactivities
with a horizontalandverticalaxis.Horizontalduration of construction
activity overthe verticalinclinationof time. Thechartshowswork done
or productionin certainperiodsof time in relationto the amount

plannedfor thoseperiods.

Null Hypothesis Ahypothesighat statesthere is no significantdifferencepre test to
posttest or no significantdifferencebetweenidentified study

participants.

AlternativeHypothesis Ahypothesighat statesthere is a significantdifferencepre testto postr

test or a significantdifferencebetweenidentified study participants.



4D

5D

BIM

Csu

IDP

PDF

RFQ

RFP

LISTOFABBREVIATIONS

Refergto the integrationof constructioncostestimatingin BIM.

Refersto the integrationof scheduleandlogisticsin BIM.

BuildingInformationModeling

ColoradoStateUniversity

IntegratedProjectDelivery. Collaborativeprojectdeliverymodelwith

sharedriskandreward. Theowner, architect,contractor,

subcontractorsand supplierswork togetherfrom projectinception

throughoccupancyto developbestvaluein projectdelivery.

PortableDocumentFormat— In workingwith BIM, often usedasa

printing driverto exportinformationfrom the virtual modelto two

dimensionakheetswhich canbe usedin further analysis.

Asin projectprocurement,the Requesfor Qualifications

Asin project procurement,the Requesfor Proposals
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CON571 CoursddentificationCode— Constructions 71 FacilitiesPlanningand

Management
CM ConstructionrManagement
O&M Operationsand Maintenance
N Thenumberof participantsin a study.
M Themeanor averageof the samplestudyresults.
SD Thestandarddeviationis a statisticalmeasureof the distribution of a

datasetwhencomparedto the datasetmean.

t Thet statisticor t statisthe ratio of the departureof the estimated
valueof a parameterfrom its hypothesizedsalue.

df Thedegreeof freedomis definedasthe numberof observationdn a
sampleor datasetthat canvarywhen estimatingstatisticalparameters.

p Thep walueis the probabilityfactor,a numberbetween0 and 1
interpreted asa smallp walue(typicallylessthan 0.05)supportsthe
alternativehypothesisandalargep walue(typicallygreaterthan 0.05)

supportsthe null hypothesis.
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Chapter 1: Introduction

Buildinginformation Modeling(BIM),without any proprietaryreference,canbe definedas
developinga projectvirtually prior to, and perhapsduring,actualphysicalconstruction(BecerikGerber
& Kensek009.Technologyn the Architectural Engineeringand Construction(AECHisciplineds an
ever evolvinginterfaceand BIMis currently beingusedfor buildingdesigndevelopment(Azhar,2011).
Further,BIM applicationsarerapidly changinghe way buildingprojectsare procured,built and
managedClevenge® Rush2011)andstudentsand professionalembracethe opportunity for
continuedlearningandintegrationof thesetechnologieghroughouttheir careers(Hardin,2015;Bryde,
2013;Clevenger2010;Azhar,2011;Huang, 2018). Therefore preparingstudentsto leveragethese
toolswhenenteringthe AEAQndustryis paramount. Yet,while the incorporationof BIM applicationsn
existingcurriculawithin Architecturaland Engineeringourseworkis robust (Lee,Ponton,Jeffreys &
Cohn,2011),the integrationof BIMwithin the constructionmanagemen{CM)educationaldisciplineis
limited (Uddin& Khanzode2014).

Givenadvancesn BIMintegrationthroughoutthe AEQndustryandlimited evidenceof
implementationwithin CMeducation(Huang, 2018), this studyinvestigatedteachingmethodologieso
deployBIMasa parametric,datadriventool to delivercurricularmaterialsin an existinggraduatetevel
constructionmanagementourseentitled CON571: FacilitiesPlanningagnd Management. The
researcherwho wasthe instructor of recordin the course implementeda casestudyapproachin
coursedevelopmentand curricularadaptationswere documentedover a three semestertimeframeto
exploreBIMintegrationasateachingtool. Asurveyof studentswasdeployedto collectquantitative
and qualitativestudentperceptionsof BIM exposureandlearningduringthe three semestercasestudy

duration.



ProfessionaExperience

Evidencdor the proliferation of BIMin the constructionindustryandthe associatecheedfor
graduateswith experienceusingBIM,wasgatheredthroughliterature reviewandthe researcher’s
experiencen developinghighlycomplexprojectsoverthe lastdecadeat CSUWhilethis researchis
anecdotaljt did encouragehe researcheto empiricallyexplorethe implementationof BIM
technologiesn the classroonto preparestudentfor entry into the industryupongraduation.Fromthe
researcher’'experience constructioncompaniesdevelopingprojectsat CSUare usingsomeform of BIM
technologyand/or software.Onlargeand complexprojects,we seeBIM beingusedon site.
Constructiontrailersare now outfitted with a BIMbasedvirtual constructioninterfacethat is directly
informingtrade communicationssequencingf operations,schedulemanagementaindimpactingthe
physicalconstructionof the projectitself. While not anexhaustivdist of BIMtechnologieseingused,
the researchercommonlyobservedthe useof Adobe,Bluebeam AutoDeskRevit,BIM 360,and
Navisworksn site by AEGstakeholdergarticipatingon CSLprojects.

ResearchQuestion

Theuseof BIMin a classroonsettingcanemulatereal world problemsandassociatedolutions
(Huang2018). Thisresearchbuildson the educationaland professionaliseof BIMandexploresa
pragmaticmethodto integrate BIMinto existingconstructionmanagementurricula.Theaim of the
studyisto integrate BIMasateachingtool and simultaneoushassesstudentlearning,perceptionsof
the technologyand coursematerial. Thegoalof the casestudywasto integrate BIMinto an existingCM
courseanddetermineif the technologycouldbe learnedat the sametime asthe coursematerials
without the needfor a separatecoursefocusedonly on the technology.Therefore the casestudy

investigatedthe following overarchingresearchquestion:



1. CanVirtual Designand Construction(VDChpplicationsbe usedto effectivelyteachBIM
technologiesand CMcoursematerialsat the sametime?

A casestudyapproachwasimplementedto conducta crosssectionalstudy of quantitativeand
gualitativedatathroughliterature reviewresearch professionakxperienceandinteractions,student
surveysandanalysisTheinvestigationis groundedin the researcher'ngoingprofessionalvork, anda
reviewof literature to establishthe needfor BIM exposureandlearningtheory to supportBIM
integrationwithin existingCMcurriculum. Thestudentsurveyresultsincludedboth qualitativeand
guantitativedata. After compilingthe datafor quantitative Likertscaleitems, the researcherconducted
pairedsampled tests: comparingthe samepeopleon onevariable,pre test and post interventionfor
studentstakingthe CON571class.Theobjectiveof runningthe pairedt testswasto determineif
studentperceptionsof their experiencewith BIMandassociatedlevelopmentplanningassignments
were statisticallyand significantlydifferent before and after taking CONb71.

ResearcheBackground

Theresearcheiis aninstructor, graduatestudent,licensedarchitect,ICCcertified building
official, former builderand currently the UniversityArchitectand ChiefBuildingOfficialfor Colorado
StateUniversity(CSU)With highlycapableteams,the researcheihasengagedn the deliveryof nearly
$1.6billion in capitaldevelopmentprojectsat ColoradoStateUniversityoverthe lastfifteen years.
Thesevariousexperiencedhaveformed the basisfor the researchandtheyimpactedthe development
of the casestudyandthe graduatecourseunderstudy.

University DevelopmentProcessas CourseDevelopmentBasis

Overthe lastfifteen years,CSlhasbeenrevitalizedto promote teaching,researchand

discoveryfor the nextcentury.Practicaland pragmaticexperiencesuggestshe integration of

technologyhasbeena criticalcomponentof successfuprojectdeliverynot only at CSlbut in



professionapractice.Thisfoundationand existingknowledgeof BIM deployedthrough actualbuilding
developmentsignificantin the ability to leverageBIMin the classroom.

Whilethis studywasformalizedover severalyears,and deployedin athree semestercase
study,the integrationof BIMin the CON571 coursebeganin 2009.Figuresl.laand 1.2arepresentthe
virtual modeland completedBehavioraScience8uilding(BSBpccupiedin 2010at ColoradoState
University.Figurel.1band1.2bshowthe new Healthand MedicalCenter(HMC)occupiedin 2017.Both
projects,and manyothers,havebeenusedascoursematerialsin CON571. Theseprojectsillustrate the
evolutionof a BIM, e.g.,in housedesigndevelopmentprocurement,projectacquisitionanddelivery

strategies.

g v Za n
= S8 -!!E‘""”‘k
“9;“; R = =g B ;

Figurel.1laBIM MODEL-BSB2008 Figurel.1lbBuilt Project—BSB2010

Figurel.2aBIM MODEL-HMC2015 Figurel.2bBuilt Project— HMC2017



Thebuildingdevelopmentprocessat CSUFigurel.3) hasevolvedtowardsthe exclusiveuseof a
highlycollaborative team basedDesignBuild LumpSum(DBLSprojectdeliverymethod. CSlWevelops
veryexplicitanddetailedbridgingdocumentsusingBIM applications Thesebridgingdocuments
integrate highlyrefined performancespecificationsa comprehensivesite surveyand geotechnical
report to accuratelyinform a project specificRequesfor ProposalRFP)Theresearcheraspart of his
employmentresponsibilitiesdevelopsaninitial BIM depictingthe project'sdesign,aestheticsand
componentmakeupasa part of the capitalfund raisingeffort. At the sametime, the BIMis utilizedasa
tool for developingthe total developmentcostmodel.Oncea plan of financeis securedthe native

modelisthen usedto createthe DBLIRFRlocument.

5. Record Drawing and
Specification data to inform)
0O&M added to the virtual
building database using
BIM.
1. CSU develops 2.CSU develops design
conceptual and schematic criteria and bridging
design secures financing documents to inform DB
using BIM RFP using BIM

6. BIM Model release bacl
to CSU to inform future
efforts.

4. Successful DB firms
uses BIM to develop the
project.

BIM used by CSU to
develop the DB- RFP
bridging documents

3. Shortlisted DB firms
use BIM to develop their
proposals.

See Fig. 1.4 Cyclical
Use of BIM in
Experiential Leaming

Figurel.3—Working Pathof the BIM Model in the DevelopmentProcessat CSU

Theproductsof the BIMarereleasedo three selectedor shortlisteddesignbuild firms for
reference. ThecompetingDesignBuildingfirms further developandrefine the BIMthrougha seriesof
stakeholderpre proposalmeetingsto inform their lump sumcostproposals. Theselecteddesignbuild
firm continuesto usethe BIM developedthroughthe procurementto finishthe contractand
constructiondocumentsandasthe basefor subcontractorshop,lift and other associatedirawings.On

larger,more complex,projectsthe samemodelis usedboth internallyand externallyfor logistics



studies,schedulingand sequencingluring constructionandthrough project occupancyAsthe projectis
constructedthe BIMis kept up to date and populatedwith supplier,operationand maintenancedata.
Uponoccupancythe BIMisreleasedbackto the owner (CSUgpsa contractuallyrequiredrecord
document.Themodelwill eventuallybe usedto operateand maintainthe facility. Overthe duration of
this studythe DBL$rojectdevelopmentprocessat CSlhasevolvedfrom a highlyprescriptiveDBLS
acquisitionstrategywith heavybridgingdocumentsto atarget valuebasedDBL $rocesswith
performancespecificationsThetarget valuebasedacquisitionstrategyallowsmore industry
innovation.It alsoreducesriskfor the Ownerandrequireslesstime andresourcesnvestedin the
bridgingdocumentdevelopment. Thisreal time evolutionand associatedliscussionnformed manyof
the CONb571classsessions.

Asillustratedin Figurel.4,the mostcurrenton campusbuildingsprojectsandthe related
developmentprocessnformedthe CON571coursecontent. Forexample,in 2015the DBL&cquisition
strategyevolvedfrom the traditionally usedhighlyprescriptivebridgingdocumentsto a more
performancebaseddocumentdevelopmentapproachunderanewtarget valuebasedDBLS
methodology. Bothacquisitionstrategieswere leveragedn the courseasan opportunity to discusghe
merits of theseproject deliverymethods.Thisallowedthe studentsto considerthe mostappropriate
approachfrom the perspectiveof the Owner,andthe DBFirmin terms of quality, efficiencyandrisk
managementBoththe prescriptivebridgingdocumentandtarget valuebasedDesignbuild RFP
developmentrequire masterplanning,logisticsplanning,site planning,buildingprogramming building
design buildingcodeanalysiscostestimating,specificationdevelopment,constructionstandards
developmentoperationalexpectationsandlife cyclecostanalysis.

Theinitial and overarchingconceptfor CON571requiresthe studentsactivelypreparethe
componentpartsof DBLRFPsisingBIMto help preparethem to respondto the samedocumentsin

professionapractice.Theprocurementand contractingmethodsare alsostudiedwith opportunitiesto



discusschallengesand opportunitiesin realtime on real projects.All of theseprojectattributes are
learningobjectivesof the course.Figurel.4illustratesthat professionapracticeat CSlbuildsto
teachingmaterialsfor CON571,buildsto the integrationof technologyin CON571 usingmethodologies
from actualpractice.We usethe actualdesignbuild projectsto inform researchpractice,teachingand

delivery.

See Fig. 1.3 Working
Path of the BIM Model

4 students leam BIM
though completing the
assignments and
working in_teams.

6.BIM is used by these
new design build

teams to develop new
building projects

5.Students graduate
with some aptitude for
BIM, find employment,
and join new teams,

2.The current projects
and BIM used to teach
processes required of

BIM used by CSU to
develop the DB- RFP
bridging documents

1. BIM used by design
build teams to respond

3. Students learn the
RFP and development
process using BIM .

to RFP's, secure and
develop CSU buildings.

building development

Figurel.4 Cyclicalseof BIMin ExperientialLearning

CON571wasadynamiccoursein that it changedeachyearto alignwith the actualprojectsin
development.Thecourseis groundedin the existingframeworkof CSUprojectdevelopmentprocess
that promotesthe solvingof actual,buildingdevelopmentandindustry specificproblemsthrough
experientiallearning.In CON571,the integratedand experientialteachingprocesss intentionally
cyclicaland mirror CSU'projectdevelopmentprocessegSee Figurel.3and 1.4):

1. Theinstructordescribeshow BIMis usedby designbuild teamsto developthe buildings
currentlyin developmenton campus.
2. BIMisusedto teachthe materialsandlearnthe processesequiredof building

developmentusingthe actualbuildingprojects.



3. BIMisusedby the studentsin teamsto completethe courseassignmentsthe
componentspartsof a DesignBuildRFP.
4. ThestudentslearnBIMtechnologythroughcompletingthe assignment&ndwaorkingin
teams.
5. Thestudentsobtain aptitude for BIMwhile learningthe coursematerials.
Descriptionof the Course
DuringCONb571 studentsparticipateddirectlyin the processe®f masterplanning,building
programming conceptuabuildingdesign buildingcodeanalysiscostestimatingandcreating
constructiondocumentsthroughthe courseexercisesaand assignmentsThecourseusedactualprojects
in variousstagesof developmenton ColoradoStateUniversity’scampusand sequentiallytaughtthe
projectdevelopmentprocessThecurriculumutilized BIM on existingprojectsto directlyalignteaching
with the developmentprocessmasterplanning,developmentplanning,programmingproject
marketing,conceptuabuildingdesign buildingcodeanalysiscostestimating,and schedulingvith onr
site logisticsplanning.Thecourseconcludedwith, studentcreated,BIM generateddocuments.Through
the integrationof three dimensionatechnologiesthe buildinginformation modelsevolvethroughthe
duration of the courseandresultedin a detailedfacility that wasoriginallyidentified on the student’s
conceptuaimasterand developmentplan.

In analyzinghe relationshipbetweeninstructor, studentand practitioner,graduatestudent
educationpresentsanideal opportunity to exploreintegrationwith a vastsamplingof experiencdevels
andwith studentsfrom variousAEQisciplinesGraduatestudentsoften arrivein the classroonwith
professionailvork experienceand canreadilyreflect on industryneedsand opportunities. This

experienceinformsrobustdiscussiorand motivatesinnovation,discoveryandattention to instruction.



Emulatingdesignand constructionpracticein the classroomnto solveproblemsrequiresstudentto
completeresearchandimplementnew processesn orderto meetthe developmentplanningbased
courserequirements.

We canreadilyascertainthat effectivecommunicationis criticalin the buildingdevelopment
procesgAspin,2007;Azhar,S.,2011).Today'dast paced technologicallydriven AEAndustryrequires
clearand concisecommunication. In practice,constructioncostestimatingand costmanagementre
commonlyreferredto as4Dandis enhancedby the databasedriveninformation derivedfrom the use
of BIM (Kim,2012).Effectiveuseof BIM canhelp accommodatecommunicationandis often criticalin
fast track schedulemanagementSchedulenanagemeniandthe associateccommunicatiorwith
buildingowners,subcontractorsand suppliersoften utilize BIMmodelsand schedulingsoftwareto
createvirtual representationsof how the buildingwill be constructedovertime. Thisprocesss
commonlyreferredto as5D schedulemanagemenin the constructionindustry (Bryde,Broquetas&
Volm,2013. Explorationand utilization of 3D,4Dand 5D BIMsare componentsof my work
responsibilitiesn professionapractice.In classinstructionthe researcherdescribesnethodologiego
useBIMasa teachingtool following a workflow similarto the BIM processusedto developbuildings
designdn practice.Thecourseexploredand exposedstudentsthe useof BIMin IntegratedProject
Delivery(IDP) CollaborativdDPmethodssuchasdesignrbuild. Specificallythe classexplorestarget
valuedesignbuild lump sumprojectdeliverymethods,asthis preparesstudentsfor what hasbecome
the mostprominentprojectdeliverymethod utilizedin new projectbuildsby the facilitiesdepartment
at ColoradoStateUniversity.Underthe designbuild deliverymethod, the architect,engineerand
contractorare part of a designbuild team undera singlecontractualagreementwith the owner (Songer,
1996;Lopezdel Puerto,2008).Thecoursedevelopmentis further explainedin chapter3 andsyllabican

be foundin the AppendixiV.



Significanceof the Study

Theresultsof this studyinform BIMintegrationwithin CMcurriculardevelopmentto better
preparestudentsfor professionapractice.Industrycanbenefitfrom studentsthat are not playing
catchupuponinitial employmentbut insteadleadingthe chargewith innovativestrategiesto leverage
technologieshavingexperiencedhe full BIMintegrationrequiredto completeproblemsolvingbased
assignmentsThisresearchwill addto the pedagogicabody of knowledgein CMand providean
exampleof successfuintegrationto help encourageandinfluencethe preparationof construction
managementtudentsfor a careerin a highlycompetitiveindustrywhere innovationhasbhecomemore
relevant,if not required,for success.

Theintegrationof technologyis a commonfocusof 21 centuryeducation.It requires
experimentation feedback refinementandcyclicalinterventionsovermanyyears. Theuseof
technologycanencouragea greaterunderstandingof the contentwhile maintainingthe needto retain
criticalthinkingskills(Koehler,2007).

Understandinghe emergingteam based collaborativestructure of IPDwasa critical
componentof the classBIMwasusedasa communicationtool in the courseto teachworkflow
processesaswell asdocumentthe workflow of eachstudentteam. Studentsalsoembracedthe valueof
their peersin ateam settingasthey struggledindividuallywith the materialbut quicklygained
understandingn ateam setting. Theteamwork and collaborativeproblemsolvingis considered
efficientandeffectivein private practice(Tsay& Brady,2010).

Thiscourseleveragedan opportunity to educatefuture industryleaderswith immediate,actual
andrelevantcontent, regardlesof which AEQisciplinethey ultimately residein. Thestudy soughtto
developandfurther advancecurriculumthat will ultimately provide graduatestudentswith anaptitude
directly alignedwith emergingindustrydemand. Thecoursewasadaptedfrom existingpre BIMCON

571 curricularmaterial,with the major changebeingthe useof BIMasateachingtool that allowed
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studentsto learncoursematerialsandthe BIM applicationsat the sametime. Thestudydescribesone
methodologythat canbe usedto help studentsolvethe constructionand designproblemsusingBIM.
Ultimatelythe researchinvestigatedthe useof BIMin the CON571 courseto explorestudentabilities
andperceptionof their own BIM skillsto learnthe developmentplanningprocessand BIMtechnology
simultaneously.Theintent wasto introduce studentsto new technologyand emulate AEAndustry
practiceto encouragestudentsto think criticallyanddeveloplearningskillsto helpthemleadand
innovate.Theresearcherembracedpositivereinforcementandthe notion that learningto learnwould
help studentsutilize the most currentand ever changingechnologythroughouttheir career.
Conclusion

Asdescribedn detailin Chapter3 anddepictedin figure 1.5, this study soughtto identify
industrydemandfor constructionmanagemengraduateswith someaptitude for BIM, capitalizeon the
researcher’sndustryexperiencewith BIMin practice,deployBIMin a classroomnsettingasa casestudy
andthen describethe merits of integration,determiningif the technologyandthe coursematerials
couldbe taughtat the sametime. Deploymentof BIMin the classroomincludedthe developmentof
BIM basedassignmentand documentationof the studentexperiencesvith BIMin existing
constructionmanagementurricula.Thedata collectedin this studywere usedto explorestudent
perceptionon their own experienceand skilllevelgainedthrough BIMaswell astheir perceived
effectivenesof learningthe coursecontent simultaneouslyFinally the researchexamineghe dataand
reported on the succes®f the processand providesa platform to inform future developmenton
courseghat exposestudentto BIMtechnologyasatool to delivercurricularcontent. Thiswork andthe
associatedareaof studywill be ongoingwith modificationsof approachbasedon the resultsof this and
subsequentnterventions(CONc71course)aswell asexperiencegainedin professionapractice.The
researchaimsof this studydirectly alignwith the CON571 courseobjectivesand development

strategiesdiscussedater in this work.
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Chapter2: Literature Review

Theliterature reviewinitially describeghe useof BIMin architecturaland engineering
education.Next,the chapterfocuseson demonstratingthe proliferation of BIMin the construction
industryand establishinghe needfor BIM focusedconstructionmanagemeneducation.Thereview
alsodocumentsthe useof BIMin integratedprojectdeliveryand describesurrentindustrytrendsand
the influenceof collaborativeteam approache®n instructionalmodels.Existingeaching
methodologiedo deployBIMin the classroomwere studiedfrom the architecturaland engineering
perspectivewith the associatedenefitsand challenges.Finally,a descriptionof educationakheory, as
definedby Gay(2011),Creswel(2014)and Fellows(2015),describedn this chapterinformedthe
researchmethodologyand studydesign.

TheUseof BIMin Industry and Integrated ProjectDelivery

Theuseof BuildinginformationModelingis blurringthe linesbetweencomprehensive
architectural,engineeringand constructionmanagemeneducationwhile simultaneouslyproviding
platformsto enhancecollaborationearlierin the designanddeliveryprocesgMulvaand Tisdel,2007).
Todaywe seethe integrationof BIMin IntegratedProjectDelivery(IPD). Integratedproject delivery
leveragesearlyprojectdeliverycollaborationof all team memberseither undera singlesourcecontract
or multiparty contractswhere projectrisksandrewardsare distributedacrosshe AEQisciplines.
(Kent,2010).Most specificallyjn the contextof this work andin the practiceof designbuild at CSUwe
describeboth the prescriptiveand performance target valuebaseddesignwhere both acquisition
strategiesare executedundera singlelump sumcontractasIPD.

Inherentto IDP deploying,IntegratingandleveragingBIMin ConstructionEngineeringand
Managementlassesanbe effectiveby suggestinghat learningBIM canimproveprocessandenhance

efficienciegLeite,F.2016).With anemphasison processenhancementhroughthe useof BIMas
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opposedto the technologyitself, the instructor canmaintaininstructionalgoalsthat alignwith industry
practice.

Theintegrationof BIMinherentlypromotesthe IPDprincipalof collaborationamongthe AEC
disciplinesaddsa competitiveedgein securingwork and providesadditionalvalueto the owner. (Furst,
2010& MarshallPoiting,2005).Thestudentof the future maybe educatedwithout specificfocus,and
ratherin a comprehensivavay usingtechnologythat blendsthe AEQisciplines(BecerikGerber2011).
In AEGeducation the researcheimaginesa singlebuildingproject sharedbetweenthe collegesof
architecture,engineeringand constructionmanagemenit a singleor multiple universitiesto aidin
teachingrealworld collaborationand charrette basedmethodologies.Justasin professionapractice,
Buildinginformation Modelingcanhelp facilitate this collaborationand by definition refersto the
collaborativemanagemenbf a componentbuildingsystemdatabasgDenzerand Hedges2008). BIM
canbe leveragedwith augmentedreality to promote interdisciplinarystudyand collaboration(Zamorar
Polo,F2019).

BIMis usedby architects,engineerscontractorsand owners.Throughintegratedpractice,we all
collectivelycollaboratein the eventualdeliveryof afacility. BIMwasinitially usedprimarilyin the design
processhut today is seamlesslyntegratedthrough constructionand most recently,in the management
of facilities,(Livingston2008; Gordon,2009). Throughthe useof BIM, a virtual model of the buildingis
developed. Theprocessof creatingand usingthe BIM modelis often referredto as Virtual Designand
ConstructionVDC)Designerscontractors,ownersandsuppliersvork handin handin resolvingpotential
conflictsbetween building systemsbefore constructioncommences. Theability to work through these
potential problemsproactivelyand the ability to representthe buildinggeometriesin three dimensions
in the constructiondocumentsallows for more efficient delivery (Eastman2004). When comparedto
more traditional two dimensional document delivery methods, these more closely coordinated

documentsproducetighter bidding,fewer changeordersandschedulesfficiencieghat increasevaluefor
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the owner. Further,the useof BIM savestime in constructionand may result in more cost effective,
energyefficientbuildingsof higherqualitywhile establishingaplatformto work collaborativelyonaglobal
stage(Burr, 2009; BecerikiGerberand Kensek2010). BIM technologytools currently usedin industry
includebut arecertainlynot limited to AutodeskREVITBentleyMicroStationand ArchiCadvith AutoDesk
REVIDeingusedby the majority of the AEindustryin the designof buildings(Raphael2009).AutoDesk
REVITsthe BIM platform usedin the developmentof buildingsat CSU.

GoogleSketchtJp alsorepresentsa platform for the initial study of conceptualdesignwork for
marketingand quantity take offs for costestimatingbut doesnot havethe parametricdata basedriven
capacityof other BuildinglnformationModelingplatforms(Taylor Liu,andHein,2008). In buildingdesign
throughthe useof BIM,parametriccapabilitiescanbe definedasthe useof interconnecteddataincluding
parameters figuresand characteristics. Theseare usedto determinethe conductof a modeledentity.
Theterm parametriccanfurther define relationshipsbetweenmodel componentsthat eventuallyresult
in a coordinated databasedrivenrepresentationof buildingsystemqDenzer2008).In this discussiorwe
determinedthat the simplisticand non parametricnature of GoogleSketchtJp resultsin an easeof use.
Further, in regardsto teachingwith BIM, starting with SketchtJp may offer an initial launch pad for
studentsto beginto understandhe three dimensionatharacteristicef BIMwithout beingoverwhelmed
in preliminaryinstruction by the significantlymore complicatedparametriccapabilitiesof the BIM tools,
specificallyRevit.

BIM: ANeedto Know

Thereis a highdemandfor BIMtrainingfrom companiesn the constructionsector(Zamora
2019) Theadvantage®f usingBIMin the collaborativedevelopmentof buildingsare numerousand
thusthe technologyis now in wide useacrosshe AEGQndustry (Sharageldinand Nawari2010).

BIMis usedin constructiontoday and constructionmanagemengraduateswith someaptitude

for BIMtechnologyare neededin the constructionindustry(Hardin,2015;Bryde,2013;Clevenger,

15



2010;& Azhar,2011).BIM professionalsre not only beinghired by contractorsbut alsosubcontractors
andmaterialsuppliers.Thedemandfor constructionprofessionalsvith BIM experiences growingand
schoolsshouldembracethis demandand preparestudentsaccordinglyHardin,B.,& McCool,D.2015).

Thecurrentbody of literature is sufficientto generatethe conclusiorthat the construction
industryneedscandidateswvith someaptitude for BIM. BIMtechnology,asaninterface,lendsitself to
interdisciplinarystudyand IDP(Azhar,2011;Clevenger2010). Evenwith limited exposure jntegration
canprovideafoundationfor further individualexplorationin other courses.Further,teachingwith BIM
may enhancethe ability to communicate coordinate,sequenceand developproject constructability
analysighrougha more robustunderstandingpf buildingsystemsstructureand componentintegration
(Kim,2012;Shapria2010;& Sacks2010)
ExperientialLearningand Integrating BIM

Theprocessof studentsusingBIMasatool for completingexistingassignmentsepresentsa
compellingexampleof experientiallearningandalignswith recentprogramsthat promote a learning
ecology(Siemens2003). Experientialearning,transformationof experiencewasoriginallydefinedby
JohnDewey1938,andsimplydescribedearningby doingin the mostpragmaticsense (Kolb,A.Y.,&
Kolb,D.A.2005).Learningheory asa basisfor casestudyresearchis promotedby LorraineGay(2011).
Thetheoriesof ExperientiaLearningwill be deployedto inform the proposedcasestudyand
redevelopmentof CON571to fully implementBIM. A Universitymaybe the idealsettingfor such
experientiallearning.(SandersM. J.2013).

Experiencevorkingwith diversegroups,mentoringand guidingstudentswill be directly
applicablein developingmethodologiedor BIMintegrationin existingcurriculum. BIM canserveasa
tool for the educatorto emulateprofessionapracticeand currentindustrytrendstowards
interdisciplinaryjntegratedprojectdeliveryand collaborativedevelopmentmethodologiegMulvaand

Tisdel2007).
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Thiswork commencedn 2009with the initial integrationof BIMin CON571but only at the very
end of the courseto capturethe productsof the classin three dimensionsasaninitial introductionto
the parametrictool. In 2010,the majority of peerreviewedliterature on the integrationof BIMwas
focusedon architecturaland engineeringundergraduateprograms. Recently researchand professional
experiencerevealsthat BIMthe integrationof BIMin existingconstructionmanagemengeducation
shouldbe a priority. (Clevenger2012;UddinM.M. 2014;AhnY.H.;2013;Kim,J;2012and others).

BIM asa Teachingrool

Throughinitial researchwe find that BIM caninform instructionandbe considereda teaching
tool (AhnY.H.;2013;Kim,J;2012andothers).BIM canbe atool for interdisciplinarystudy (Zamora,
2019).BIMenablesthe studyof componentbuildingsystemassemblieshat mightbeginto bridgethe
gapfor thoseundergraduateswith little or no handson constructionexperience.Tofurther illustrate
the needfor integration,we reflect on the current state of the academigrogramsacrosshe country.
Today we seediminishedstate fundingandlimited academidudgets,manyconstructionmanagement
programshavebeenrequiredto eliminate,or put on hold, the costlierlab classegGlick,S.,Porter,D.,
andClevenger(.;2010).Thesdabshavetraditionally providedan introduction and platform to study
handspn construction.Whileit is difficult to replacehandson constructionexperienceBIMmay help
fill an everevolvinggapthroughdatabasedriven, parametricmodelingthat helpsillustratein three
dimensionscomponentassemblies(Glick,S.,Porter,D.,and ClevengerC.;2010).In responseto
industryandongoingresearchthe constructionmanagementlepartmentat ColoradoStateUniversity
addeda VDGstudioin 2013(Ufberg,2018). Thestudiowasentirely fundedby localindustryto enable
studentsto implementthe mostcurrenttechnologyin completingexistingassignmentgust asthey
wouldin job site trailerswherethe sametechnologyis beingfully integrated.

Theintegrationof Buildinginformation Modelinginto architecturalcurriculumhasbeen

evolvingfor the pastdecade(Eldinand Nawari,2010).Thearchitecturaldiscipline both in academiand
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professionapractice,hasled the wayin integratingBIMtechnologiesThisproliferation coupledwith
the availabilityof researcHiterature at architecturalacademidnstitutions makescurriculumintegration
in the architecturaldisciplinea prime sourcefor gaininginformationregardingthe integrationof BIM
acrossall AEAisciplines. Thefindingsin architecturaleducation,includingthe challengesaind benefits
of integration,canthen provideguidancefor integrationof like technologiesn construction
managementiscipline. Wheresimilaritiesexistin the undergraduatecourseworkof eachdiscipline we
simplyneedto teachhow a buildinggoestogether.(Hedgesand Denzer 2008).BIMisthe ideal
technologyto do this.

Forthe lasttwenty five years,we haveexperienced paradigmshift in constructionindustry
practicethat needsto be assignedo education. Thisshift is describedasthe moveawayfrom two r
dimensionakcomputeraideddesign(CAD}o BIM. Twodimensionaldesigntraditionally presents
buildinginformationasabstractrelationshipsto beinterpreted. In contrast,we are seeingthe rapid
evolutionof three rdimensionabplatformsthat representdatabasedriven, systematicand component
assemblyrelationships. Theseare further illustratedin realtime throughthe useof virtual modelsthat
representvirtual construction.(Denzer2008).Professionapracticeis leadingthe advancemenbf the
technology constructionpractitionersare anxiouslywaiting for academidnstitutionsto fully embrace
BIMandthus preparestudentsto not only usethe technologybut alsoadvancet. Thesestudentswill
be well positionedto captureemploymentopportunitiesand continueto movethe industryforward.
Advancemenbf the technologyis a rapidlymovingtarget especiallyin professionapractice. Thisever
evolvingplatform is one of the most challengingaspectsof integratingit into existingAECcurriculum.
(Livingston2008)

Additionalchallengesassociatedvith integratingthe technologyare often presentedand
challengedby time. Thetime it takesto graspthe unparalleledcomplexityin the technology;finding

instructorswho havethe experiencewith the newtools, the time it takesto prepareexistinginstructors,
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andaligningall this with anacademiaalendarWeberand Hedges2008;Yan,2010). Thesechallenges
are especialljtaxingwhenweighedagainstexistingaccreditationmandatesandimplicationson often
longestablishedand successfutore curriculums. Thecostof integrationweighedagainstresource
allocationis alsoafactor but it appearsto be of limited degreewhere educationalversionsof the
softwareare availableto studentsat greatlyreducedcostsor free . Alsoof considerationis a perception
that the useof BIMmayhampercreativityandimpair critical thinkingand problemsolvingskillsif not
properlyand carefullyintegrated.(Ching,R2008)
Impactsand Benefits

Impactsand benefitsin undergraduateAECGeducationwith BIMare describedwith remarkable
similarityacrossresearchtopic samplingand professionalndustrydiscussions Thesebenefitsinclude
proliferation of integrateddesign,an accelerateddesignprocessaddedinitial conceptcomplexity,a
more robustexplorationof conceptsandan overarchinggravitationtowardsmore collaborativeand
coordinatedteamwork.(Denzer2008;Hedgesand Denzer2008). CMstudentsappreciateandare
motivated by the opportunity to studyBIM (Adhikari,2020).In instruction,usingBuildinginformation
Modelingasatool appeardo easethe transferof knowledge.Thestudy of sustainabledesignand
buildingconceptsasfacilitatedthroughthe useof BIM caninform new courseworkmovingforward and
ultimately resultin more energyefficient buildings(Burr,2009;Kim,2011). Instructorsarelosingless
informationto translationwhencomparedto more traditionalandtwo dimensionaimethodsof
instruction.(Berwald,2008). It is alsogenerallyacceptedthat different studentslearnin different ways.
Yearto year,we seea variety of studentsin terms of ability andwaysin whichthey learn; somehave
skillsweightedtowardsa more a pragmatic,engineeringype approachand someexhibit more artistic
andcreativeskills.Ideally,aswe evolvetowardsinterdisciplinarypractice,we hopeto seea balanceof
both. Theintegrationof the BIMis helpingthesediversestudentssuccessfullynvestigatemore complex

designideasin unrealizedwayswhen comparedto traditional two dimensionabplatforms. BIMallows
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instructorsto teachanintegratedprocessgearedtowardscollaborationinvolvingall the AEQisciplines
wherewe seea greateropportunity to visualizenow buildingsystemsgo together (Berwald,2008).The
Integrationof BIMtechnologiesvasperceivedto be successfulvhenthe courseworkemulated
interdisciplinaryprofessionapractice(Sotelino,2020).

Severalinderlyingrecommendationgor integratingthe technologyinto AECcurriculumhave
beenechoedacrossseveralarticles.Earlyintegrationin the initial semestersappearso be criticalsuch
that the technologycanbe usedin more robustwaysasthe studentprogresseshroughupperlevel
courseworkandgraduatestudies(Gordin,2009). Theexistingcurriculumshouldnot be abandoned,
insteadthe technologyshouldbe integratedinto existingcourseworkio the extent possible. Students
shouldbe encouragedo retain traditional skillsbut explorethe possibilitiesof the technologythrough
customizationandinvestigation Educatorshouldcloselymonitor industrydevelopmentand
accreditationstandardgo ensurethe integrationof technologyis aligned.Integratedcurriculum
requirementsthat focuson newtechnologiesshouldbe widely publishedsuchthat primaryand
vocationaleducatorsmight beginto preparestudentsprior to collegiateapplication. Thecurriculum
andintegrationprocessshouldbe flexibleand nimbleto attempt to parallelthe often overwhelming
paceof industrydevelopment(Denzerand Hedges2008;Eldinand Nawari,2010; Taylor,Liuand Hein,
2008).

In ongoingconversationsvith AEGeducatorsin regardsto the rapid proliferation of technology
in industry,manyexpressoncernthat regardlesf the tools used,instructorscanno longerteachonly
to the curriculumbut insteadshouldspendthe majority of the academichour teachingstudentshow to
learn.Learninghow to learnallowsthe studentandeventualpractitionerto embarkon specialized
investigationusingthe technologicatools of their own choosingassupportedby industrydemand

(Denzer& Hedges2008;Eldin&Nawari,2010; Taylor,Liu& Hein,2008;and Gordin,2009).
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Initial, highlevel,processconceptsfor integratingBIMin AECcurriculumare echoedto some
degreeacrosscurrentliterature. Theseoverarchingconceptsinclude:Creatingan atmosphereof
acceptanceandinnovationthat facilitatesand rewardsintegration;developinga phasedintegrationinto
existingcurriculumwithout recreatingit; creatingindustrypartnershipso help advisethe integration
focus;managinghe complexityof the tool itself while retainingthe useof other mediaandtools;
understandingand anticipatingthe time associatedvith gainingan aptitude for the tool; developingan
appropriateprerequisitesequencewith associatedequirements;encouragingnventionand
collaboration;pursuingopportunitiesfor crossdiscipline collaborativestudywhere BIMcanbe usedas
the platform of suchintegration(Denzer& Hedges2008;Eldin& Nawari,2010;Taylor,C.,Liu,J.& Hein,
M.F.;2008Gordin,C.;2009).

EducationalTheoryto Inform CaseStudiesand ResearctMethods

Transformativdearningtheory, experientiallearning,the learningecologyandlearningcitiesall
describetheory embeddedin lifelonglearningandis directly applicableto graduateleveleducation
wherewe often seestudentsof diversedemographicandvariedlevelsof experience. Transformative
learningtheory drawson experienceto promote criticalthinking.(Taylor,1998,& 2008,Mezirow,1997).
Thinkingcriticallyis essentiato problemsolvingandinnovation(Mezirow,1997;Lee,2011). Teaching
with technology,usingrealworld assignmentsfocusingon actualprojectsand gatheringstudentsinto
teamsfosterscriticalthinking skills,motivatesstudentsand emulatesthe waythe AEAndustrydelivers
built projects.Transformativdearningtheory caninform researchdesignwhere pre and post class
surveysmayrevealan understandingof existingmaterialsthroughexperientiallearning,mostsimply,
learningby doing.

Alsoof specificinterestis the ideaof usingthe technologyto teachexistingmaterialin lieu of
simplyteachingthe technology(Clevenger2010;Lee,2011). Challengesssociatedvith the useof BIM

both in professionapracticeand educationshouldalsobe illustrated. Onesuchchallengesthe
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perceptionthat the useof BIMmayhampercreativityif not properlyand carefullyintegrated. Perhaps
amore critical hurdleto usingBIM asateachingtool istraining exisitinginstructorsand engaginghew
onesthat havesomeaptitude for BIMandthe associatedechnology(Ching2008;Davies2013).

If we areto truly incorporateateachingtool andif thisinitial studyisto inform ongoing
researchwe mustidentify ateachingmethodologyto explorean educationalttheory. Identifyingan
educationattheory will allowfor testingthe resultsof the initial study. Transformativeexperiential
learningandalearningecologyboth perscribethat educatorsmight be mosteffectiveif they teachto
their strengths,identify their talents,gathertheir experienceand simplyshare. Thispromotesthe idea
that the studentscansolvethe sameproblemsin the classroonthat they will be facedwith in
professionapractice(SiemensG.2003).We reflect on, and contrastexperientiallearningwith the more
pragmaticandtraditional verbaldeliveryof informationincludingnote taking,testingandrepeat
(Mezirow,1997;Kolb,2005). TheCON571coursewasoriginallyfoundedin experientiallearningand
hasevolvedtowardstransformativelearningtheory. In a LearningNetwork, Seimenslescribes
Connectivitismasa learningtheory for the digitial agewhichembodiesmanyof the tenantsof
transformativeand experientiallearning and mostdirectlyinformsthe prescribedexploritory
descriptivecasestudyresearchdetailedherein. Connectivisniindsits placein learningtheory as
informed by teachinginnovationthroughthe useof technology(Siemens2014)andis not dependent
on aformallearningenvironment. Generallyconstruedand graphicallyrepresentedin Figure2.1
connectivismtheory prescribesa learningnetwork. Connectivisniearningtheory suggestshe following
attributes of learningthroughthe useof integratedtechology:

1. Learningsa continualprocessspanninghe now manycareerengagement®verthe life of

the learner;

2. Informallearningbecomeamore significantthan formallearning;

3. Theorganizatiorandthe individualare part of the learningorganismor learningecology;
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4. Learningandwork are no longerseparate;

5. Technologysalteringour brains,the learningtools we useare changingour way of thinking;

6. Knowing what and knowing how is not as important as knowing where to find the
information;

7. Knowledgemanagement(the organizationof knowledge)is of emergingimportanceasthe

useof technologysurges.
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Figure2.1—ConnectivisnmLearningTheory
Whereinformationis readilyavailableand accessibleConnectivisniearningrheory,not unlike
the integrationof technologyinto existingcurriculum,establishegelationshipshetweenteaching

modalitiesaswe navigatethe technologicallydrivendigitalage. Tenantsof life tonglearning,
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experientiallearning,informallearning,organizationaknowledgemanagementindthe associatedess
structuredpath to innovationare all capturedin ConnectivismTheresearcheembracedthe work of
Siemensasit closelyresembledthe emergingdirectionfor the CON571 classandseemedto
consistentlyresonatewith the studentsand AEQorofessionals. Alignedwith connectivisnmtheory and
inherentto the constructionindustry, communicationteamwork,learningto learnandthen learning
throughoutyour careeris criticalto achievingprofessionabbjectivesand movingthe industryforward
(zamora, 2019).
Conclusion

The Literature Reviewprovides support for the proliferation of BIM in AECeducation,and it
indicatedthe technology’svolutionfrom ArchitecturalandEngineeringo the ConstructiorManagement
disciplinesResearcheviewalsoindicatedthat BIMcanbe usedasatool for teaching.It becameapparent
that BIM canbe leveragedn the classroomFurther,these opportunitiesin educationcanbe utilizedto
teach construction topics such as Lean Construction, Integrated Project Delivery and Design—Build
methodologiesIn eachof these deliverymethodswe seethe constructionmanagementprofessionals
leadingthe AECteam. In light of this, studentsshouldhave a working knowledgeof the technologyand

the wayit is usedin AEQisciplinesvhenenteringthe constructionindustryupongraduation.
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Chapter3: Methodology
Introduction

Thisresearchutilizedthe redesignof CON571asa multi semestercasestudyto documentand
explorethe processof integratingBIM asateachingtool to deliveran existingconstruction
managementourse.Theresearchfocusedon experientialand connectivismearningtheoriesto
promote evolvingconnectionshetweentechnology the workplaceandlearning.Theliterature provided
anassessmentf the following: 1) BIMusein developmentof designbuild RFRIocuments2) current
industry practiceto establishthe needfor CMgraduateswith aptitude for BIM,and 3) developing
methodsfor integrationand4) deployingthesemethodsthroughteam basedstudy of projectsderived
from currentand ongoingcampusdevelopmentat CSUTheCON571coursewasdesignedo emulate
DesignBuildandIntegratedProjectDelivery(IDP)methodsusingBIMin professionajpracticeusing
currentCSWuildingprojects.Thefollowing chapterdescribeghe casestudy methodology the process
followedfor originalcourseredevelopmenta descriptionof modificationsmadeafter eachsemester
offering,the developmentof the survey the statisticaltests/approachesisedto addresshe research
guestions.

Theresearcheemployedan exploratorycasestudy usinga mixedmethodscrosssectional
approachwherea surveywhich containboth quantitativeand qualitativeitemswasdistributed
(Creswell2013;Gay,2000)lnvestigationof qualitativedatato inform a surveytool is usedin sequential
explanatoryeducationalresearch(Bassey2003;Gay& Airasian2000).Thisresearchmethodwas
appropriatefor this focusedexploratorycasestudywhere a structuredsurveywasadministeredto a
limited numberof participants(n of in total 33 students(2014,n =9; 2015,n=9; 2016,n=14)overa
relativelyshortduration (e.g.three semestersrheresearcher’'rofessionabbservationof building

projectsat ColoradoStateUniversitywere usedto inform the needfor the study.Explorationof
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collecteddataviaa surveyof studentperceptionsaroundtheir ability to learnthe BIMapplications
duringthe coursewould be foundational.

Theoverarchingesearchobjectivewastwo fold: 1) canBIMbe usedasateachingtool to
conveycoursecontent,and2) canstudentslearn BIMtechnologyandthe existingcoursematerials
simultaneously.Thestudentshad variouslevelsof experiencewith the BIMtool at the on setof the
class Supportedby collectivismlearningtheory,(Siemens2014),the researchewantedto determineif
usingBIMto teachthe existingmaterial,integratingBIMin existingCM coursesandlearningby doing,
would proveto increaseretention of both the materialandthe technology. Thepre rand post class
surveyswere developedto focuson existingcoursematerialsbefore and after the CON571course.
Collectingpre rand post rclasssurveydataoverthree semestergrovideda levelof contentvalidity.
Collectingqualitativedata offered the opportunity for a more in depth examinationthroughopenr
endedpost classsurveyquestions(Creswell2013;Gay,2000). Redesigning course with the overlay
of BIMtechnologyover existingcoursematerialsandreportingthe resultsof the redesignwithin a class
contextcanbe categorizedasexploratoryand descriptiveresearch(Fellows2015).

A Mixed Methods Approach

Amixedmethodsapproach(Creswell2013)wasemployedin this research. Theresearcher
adaptedthe method asdescribedn Figure3.1 Theimplementedresearchprocessncludedfive steps:

1) LiteratureReview

2) CONb71CourseAdaptationto IncorporateBIM
3) StudentsSurveyDevelopmentand Deployment
4) Quantitativeand QualitativeSurveyDataAnalysis

5) Results)nterpretationandDiscussion
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Figure3.1lImplementedResearclprocess

Literature Review

ThelLiteraturereviewandthe researchergprofessionakxperienceprovidedthe foundationto
completethe nextstepsin the study. Theresearcherconductedafocusedliterature reviewwith the
objectiveof not only findingexampleof the integrationof BIMin constructionmanagemeneducation
but alsoin the field of teachingwith technology.Understandinghe educationaltheory andits
alignmentwith technologyintegrationwasanimportant stepduringthe redevelopedof the CON571
courseto incorporateBIMtechnology.

ThelLiteraturereviewalsoinvestigatedqualitativeinformation relatedto the integrationof BIM
in existingAECcoursesTheresearchetthen discoveredmethodologiesandtools suggestedy
educatorsthat couldbe implementedandtestedin the proposedexploratorycasestudy. Thecasestudy
wasdevelopedaroundeducationatheory researchreviewanddeployedto determineif the redesigned

coursewassuccessfulBycomparingthree investigationsoverthree separatesurveygroups,similarities
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beganto appear. Thesdfindingsare discussedwith the surveyresultsin the nextchapter. The
researchemusedinformation gatheredfrom literature reviewand professionabbservationgo inform
the casestudy,courseredesignanddevelopthe CON571studentsurvey.
Con571CourseAdaptationto Incorporate BIM

Con571wasredesignedo incorporateBIM. Priorto 2011,the CON571— FacilitiesPlanningand
Managementcourseprovidedstudentswith anopportunity to developa facilitiesplan,andlearnabout
the sustainability energymanagementcommissioningnd operationalconsiderationsn project
development.Theevolutionof the coursesyllabudsincludedin AppendixiVandgraphically
representedin Figure3.2. AppendixlVis dividedinto the following sectionsbasedon levelof BIM

implementation.

1) 2010syllabusprior to initial redesignandresearchemasinstructor

2) 2011r2013syllabibasedon the initial courseredesign.

3) 2014~016syllabi—the subjectsemesterf the currentstudy

4) Poststudy2017syllabugdiscussedn Chapterb) that incorporatethe resultsof thisresearch

andthe continuedintegrationof BIMinto existingcoursework.
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Figure3.2 CaseStudyand SyllabusEvolutionTimeline

29



CourseAdaptation Summary

In2011,the researcheibeganteachingthe CON571course.Asthe primaryinstructor,the
researcherreorganizedhe courseto integratetechnologyandemulatethe currentdevelopment
processedeingdeployedby ColoradoStateUniversityFacilitiesManagementdepartmentat that time.
Theinitial courseredesignfocusedon creatinganinterdisciplinarylearningexperiencethat
simultaneouslytaughtthe buildingdevelopmentprocessspecificto a campusenvironment.The
adaptationalignedthe coursecontentandassignmentsvith currentdesignrbuild projectsat CSUo
providestudentswith experienceghat would benefitthem in professionapractice. Thecoursewas
developedin a dynamicway;that is, adaptationswere implementedin subsequensemestergiven
changesn the technologyitself and/or the processesisedto procureprojectsat CSU.Duringthe first
semesterof teaching(fall 2011 2013),the courseengagedndustrywidelyin the form of guest
lecturesaroundprofessionaktonstructionand developmentpractice. Thealignmentwith industry
practiceandthe incorporationof BIMinto the coursestartedin 2011,with the time dedicatedto BIM
instructionincreasingncrementallysemesterto semesterthrough 2013andin preparationfor the 2014
coursesession.Tocontrol the experiment,the 2014contentwould remainthe sameduringthe threer
semesterduration of the study.

Inthe Fall2014,Fall2015and Fall2016sectionsof the course the researchemllocatedless
time for professionafuestlecturesandreplacedthis time directlywith BIM technologybased
instruction. Toretain instructionaroundcurrent professionaindustrypractice,BIMinstructionwas
coupledwith the teachingof the designbuild lump sumdevelopmentprocess.Thisprocurement
method, with the associatedntegrationof BIMwasbeingusedalmostexclusivelyfor the development
of largecapitalconstructionprojectson CSU'sampusat that time.

TheCONb571coursewasnow setto emulatethe projectdevelopmentprocessand project

pursuitstrategieswith the integrationof BIMin masterplanning logisticsplanning,building
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programminggconceptualbuildingdesign,codeanalysiscostestimatingand scheduledevelopment.
Masterplanningandsite logisticsplanningis introducedand practicedat the beginningof the course
and offers problemsof limited complexityin whichto initially introduce BIM aspart of the experiment
andintervention. Towardsthe end of the course after deliveringthe requiredobjectives the students
studythe evolutionof the constructiondocumentsrequiredfor eachproject. Thisstudybeginsto
explorethe varioussystemgequiredof a buildingwhichincludethe MEPsystemintegrationwith the
architecturalandstructuralmodels.Theemerginguseof BIMin the operationsand maintenanceof
completedprojectsis alsodiscussed.

StudentSurveyDevelopment

Thesurveyitemswere developedto gainan understandingof student’sBIM experiencebefore
andafter the CONb71course.Thepre rand posttest surveyqSeeAppendixlil) were usedto collect
gualitativeand quantitativedata on the effectivenesf BIMintegrationwhile retainingthe existing
courseframework.Questionsalsoconsideredstudentperceptionsregardingthe future useof BIMin
currentassignmentsn other classes.Forexample BIMwasusedto solvemathematicaland analytical
problemsandasatool to completeanalysisand projects. Finally,to alignwith industryneeds,it was
importantto determineanticipateduseof BIM after graduationto supportthe student’sfuture
employment.

Apilot test of the surveywasconductedto ensurethe questionswere understandable,
responseoptionswere appropriate ,responsesouldbe measured andthat the surveywasefficient.
Thepilot wasgivento employeedn the Planning Designand Constructiondepartment,membersof the
ConstructiorManagemenidepartmentat ColoradoStateUniversity(CSUaswell asgraduateand
undergraduatestudentsin the constructionmanagemenprogramtook the surveyand offered
commentsin regardto the clarity of questionsthe nativeformat andtime to complete. Definition of

termsweretypicallyrequested,and associatednodificationsof text were incorporatedinto the final
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surveydor clarity. Thestudentsthat pilot testedthe surveydid not participatein the final survey
populationin order to preventthe studyfrom collectingbiaseddata.

TheResearchntegrity & ComplianceReviewOffice (RICRCat CSUeviewedand approvedthe
surveygAppendix), andrecommendedan attachednarrativerequestingconsentbe submittedfor
approvalfrom the Institutional ReviewBoard(IRBYefore proceedingwith the research. Theconsent
narrative (Appendix|) wascompletedby the participantsprior to completingthe survey.Theconsent
narrativesummarizedhe studyandits researchersteason(sfor the researchrisksand benefitsof
participation,andindicationof consentfor participation.Thesurveywasdesignedo takerespondents
ten to fifteen minutesto complete.

Dueto the limited sampleandvariedbackgroundf the surveyparticipants,the surveywas
intentionallysimpleand consistedof 15 pre classsurveyquestions(15 quantitativeand qualitative)and
20 postclassguestions(17 quantitativeand 3 qualitative). Thefirst 15 questionsin the postclass
surveywere replicatedfrom the pre classsurveyin anattempt to indicateif the integrationwas
effective. Inthe closeendedquestionsthe respondentsvere askedto choosetheir responsegrom a
5 point Likertscaleor providea dichotomous(yes/no)responseTheopenendedquestionsrequesteda
shortnarrativeresponse.

Rationalefor SurveyltemsIncludedin both the Prerand PostCourseSurvey(ltems1 45)

Theresearcheideterminedthat it wasimportantto define BIManddescribethe associated
technologywith exampleshefore administeringthe survey.Thiswasdoneto identify if BIMwas
integratedinto, or usedin other graduateor undergraduatecourses.Theuseof computeraideddesign
(CADjJs prevalentin the AEAndustryanda questionwasaskedto help establishstudentexperience

andunderstandingf the useof technologyto developconstructionprojects.
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Thequestionswere developedto alignwith the coursecontentandexperientiallearningtheory.
Next,doesconstructionmanagemeneducationneedto emulateprofessionapracticeand of equal
importancewasdetermininga baselinearoundthe studentcapacityto learnthe prescribedtechnology.

Thesurveysampleseemedto representa diversedemographicand ageprofile; this indicateda
guestionmaybe of valuein comparingresponsedo questionsaroundtechnologyintegrationandthe
associatedageof the respondent. A questionaroundmasterplanningandsite logisticsplanningwas
identified to establishan experiencdevelaroundcourseteachingobjectivesand materialsin whichBIM
wasintroduced.

Inquiryaroundbuildingprogrammingand conceptuabuildingdesignwereincludedto establish
anexperiencdevelaroundcourseteachingobjectivesand materialsin which BIM maybe introduced.
Thebuildingprogrammingand conceptuabuildingdesignbuildson the masterplanningwork, increases
in complexityandallowsBIMto be incrementallyintroducedbasedon the skillsgainedfrom the
completedassignments.

Buildingcodeanalysisand associatedlevelopmentstrategiesaroundthe buildingcodesis an
integralcomponentof constructionandthe developmentprocess.Establishing baselineexperience
levelwith a buildingcoderelatedteachingobjectiveof the coursewill helpto establishtime allocation
aroundthe introduction of codeanalysisandthe associatediseof BIMin the codeanalysigrocess.

Schedulingsequencingndlogisticsplanningare foundationalin AEGaducation.WhenBIMis
integrated,4d terminologyis often usedto describethe time factor of the constructionscheduleasit
relatesto the parametriccapacityin the 3D model (BIM). Theterm 5d, describescostestimatingwhen
associatedvith the BIM.5d addsthe costfactor to the databasenestedwithin the BIMandallowsthe
estimateto be updatedrealtime asthe plansandspecificationsare developedthroughthe BIM
interface. Toestablishexperiencewith scheduledevelopmentand costestimating,questionswere

developedto determinecapacitybefore andafter the courseandthe useof associatediDand5D
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terminologypromotedin the assignments.Theclassbeginningin 2010,hasbeendeliveredwith afocus
on experientiallearning,usingthe campusasour teachinglab andthe developmentprojectsasour
assignments.

Rationalefor Surveyltems Includedin PostCourseSurveyOnly (Items 16 20)

Thequalitativeopen endedquestions16 20 were includedin the postclasssurveyallowedthe
studentsto discusghe coursesubjectivelywith the intent of determiningwaysto improvethe course
overtime. Opportunitiesto integrateBIMin other coursescouldbe exploredaswell aschallengesvith
the coursematerialsandthe associatedime allocatedto completethe modules. Alsoof interestwas
the studentspastand presentintegrationof technologyin their learning,determiningif the course
successfullgmulatedprofessionapracticeandthe student’sperceptionof the valueof workingin
teams. Theconclusiorof the qualitativesurveyrequeststhat the studentsdiscusghe future useof the

BIMtechnologyandif they feelit will allow for someadvantagdan seekingemploymentopportunities.

Qualitative and Quantitative Data Analysis

Thesurveycollectedboth quantitative and qualitativedata. Questionsl 4.5 on both the pre class
andpost classsurveyswere quantitativewith questions16 20 on the post classsurveyopenended
gualitativequestions. Thequalitativequestionsare subjectivein nature,andthe responsesvere
analyzedusingcomparativemethodologieqdescribedbelow)for three semestersof data collection.

Thepre classdatawascapturedthroughinitial analysiof the, scannedcompletedhard copy
materialsthroughinput into a codedspreadsheetvhichalsoassimilatedhe post classdata. Iltems1 45
aredichotomous(yes/no)questionsandLikertscalebasedquestions.ltems?2,3,4,5,and9 A5 were
yes/noquestionsallowingfor a frequencyanalysisof the responsepre classand postclass.ltems1,7
and8 utilizeda5 point Likertscale thus meanscomparisornwere completedbefore andafter the course

usingpairedsampled test.
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Allthe quantitativesurveydatafor the duration of the studywasassemblednto a codedand
aggregatedspreadsheetvhichallowedfor importing into StatisticalPackagdor the SocialSciences
(SPSSjataanalysisoftware. SPSStatisticds the softwaretool usedfor the analysiof the
guantitativequestionsl 45. Theassociatedsurveyanalysigsincludedin chapterfour with the results
discussedn chapterfive.

Questionsl6 POwereincludedon the post classsurveyto accommodatesubjectiveperceptions
of the coursethat mightinform future studyand coursedevelopment.Thequalitativeraw surveydata
wascollectedin the form of handwritten responsegrom the distributedhard copies. Fromthe
completedhard copies,the qualitative surveydatawasreviewedusingthematicanalysisapproachwith
commonresponsegroupedand summarizedn chapterfour.

Conclusion

Theexploratorysequentialcasestudyresearchdesigncoupledthe quantitativeand qualitative
datacollectionto explorethe researchquestionsandaddresshe studyaim. Thestudentssurveyed
were enrolledin CON571duringthe three semestercasestudyandresearcher’grofessional
experienceusedto first help determinethe needfor the studyandthento addvalidityto the results.

Thestudyincludedliterature reviewsand professionakexperienceto determinea needfor the
studyandthen further literature reviewto understandhow BIM hadbeenincorporatedinto existing
AECcurriculumat other universitiesandto determinean appropriatelearningtheoryto inform course
redevelopment. TheexistingCON571, FacilityPlanningand Managementcoursewasthen redesigned
to incorporateBIM and studentsurveysadministeredio determinepre and postclassexperiencewith
the BIMtechnologyandexperiencewith the courseobjectives learningthe projectdevelopment
processThestudyinvestigatedhe incorporationof andthe useof BIMasateachingtool through
experientiallearningthat leveragedhe current, at anygiventime, capitaldevelopmentprogramat

ColoradoStateUniversity. Thefollowing chapterprovidesthe resultof the dataanalysis.
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Chapter4: Results

Thefollowing chapterprovidesthe resultsof the quantitativeand qualitativedataanalysis.The
completedsurveyswererecordedin a spreadsheetindthe spreadsheetsisedto summarizethe results
of the Dichotomoustemsbasedon yes/ no responsesy yearandthen by meanoverthe duration of
the study.Likertscaleitemswere summarizedor analysisy combiningthe no experiencecategories
into oneresponseandrankingthe responsed 6 for the analysis.TheLikertScaldtemswere then
analyzedusingpairedsampleg tests: comparingthe samepeopleon onevariable,at pre rtest and
postrtestinterventionfor the studentstakingthe CON571 Class. Theanalysisncludesatabular
representationof the datafor eachquestionfollowed by a brief descriptionof the results.Theresults
andassociatedtlassroondiscussionsre documentedfor the casestudyin Chapters. Appendixili
includesthe surveyquestions.

SurveyParticipants

Intotal 33 students(2014,n =9; 2015,n =9; 2016,n = 14) voluntarilycompletedthe pre class
survey.The32 studentscompletedthe post classsurveyyieldinga 96.88%responserate. All students
who completedthe coursealsocompletedthe survey with the exceptionof one student. Thehighrate
of participationmayhavebeendueto the samplecompositionof primarily graduatestudents.In total,
31 graduateand 2 undergraduatestudentscompletedthe survey. Theactualtime requiredto complete
the pre classsurveywasaveragedapproximatelyl2 minutesandthe post classsurveywascompletedin
anaveragetime of 15 minutes.
Demographidtems

Onedemographiquestionwasincludedin the survey. Thisitem askedstudentsto report their
agebasedon a givenrangeof agein years.Themajority of the students(84%)were betweenthe ages

of 18 80, with the remainderreportinganage30 86 (16%). Table4.1 providesthis information:
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Table4.1 ParticipantAge

Agein Years
Year 1804 2480 3086 3642 4248 over48
2014 3 3 3 0 0 0
2015 4 5 0 0 0 0
2016 5 7 2 0 0 0
Overall 12 15 5 0 0 0

Quantitative SurveyResults

Thefollowing sectionprovidesthe pre rand post test resultsfor surveyitems1 through15. As

noted previouslyjtems2 6, and9 A5 includeddichotomous(yes/no)responseoptionswhile ltems1, 7

and8 included6 point Likertscaleresponsechoices. TheLikertscaleresponsesvere then modifiedto

combineno experiencea” andno experience'’b” into oneresponseandthe analysichangedo a5r

point scaleto accommodatea pairedsampled test; comparingthe samepeopleon onevariable at

pre test and post test surveyinterventionfor the studentstakingthe CON571class Analysiof the

dichotomousresponsesre presentedfirst below; followed by the analysiof the Likertscalesurvey

items.

Analysisof Dichotomousltems

Table4.2 providesthe wordingof eachquestion2 6 and9 4.5 andthe frequencyof responses

separatedby yearof enrollmentin the CON571 coursewith a brief discussiorof the results.
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Table4.2 DichotomousSurveyltems

Preifest PostiTest
Year n Yes No n Yes No
2) WasBIMusedto 2014 9 11% 89% 8 63% 38%
completeassignmentsn 2015 | 9 11% 89% | 9 88% 25%
anyof your previous
coursework 2016 14 71% 29% 14 50% 50%
Overall 32 38% 63% 31 61% 39%

Theresultsof question2 indicateanincreasen the useof BIMto completeassignments

betweenpre test to post test.

Preifest PostiTest
Year n Yes No n Yes No
3) Doyou haveany 2014 9 78% 22% 8 88% 13%
ComputerAidedDesign 2015 | 9 100% | 0.0% | 9 89% 11%
(CADExperience? 2016 | 14| 86% 14% | 14 | 79% 21%
Overall 32 88% 13% 31 84% 16%

Theresultsof question3 indicateexperiencewith CADremainedstaticfrom pre testto postr

test. Datasuggest perceptionthat CADis AutoCadasopposedto ComputerAidedDesign.BIMis

three dimensionalComputerAidedDesigrbut not AutoCadtwo dimensionalComputerAidedDesign.

Onestudentdidn’t completethe postclasssurveyin 2014.

PreiTest PostiTest
Year n Yes No n Yes No
4) Haveyou usedCADo 2014 | 9 67% 33% | 8 88% 13%
completeassignmentsn 2015 | 9 | 44% | 56% | 9 | 56% 44%
previouscoursework? 2016 | 14 | 86% 14% | 14 | 71% 29%
Overall 32  69% 31% 31 71% 29%

Theresultsof question4 indicatethe useof CADremainedstaticfrom pre test to posttest. CAD

— ComputerAidedDesignis not beingassociatedvith BIM— Buildinginformation Modeling.Students
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reported no increasedexperiencewith CADpre testto post test while experiencewith BIMincreased

pre testto posttest.

PreiTest PostiTest
Year n Yes No n Yes No
5) Areyou generallyableto 2014 9 100% 0% 8 88% 13%
easilylearntechnical 2015 | 9 33% 67% | 9 100% 0%
softwareandintegrate
technology 2016 14 86% 14% | 14 86% 14%
Overall 32 75% 25% 31 90% 10%

Theresultsof question5 indicateanincreasen the integrationof technologyto complete
assignmentgrom pre testto posttest. Thepercentageof studentspre test with ability to learnand

integratetechnologywaslowerin 2015whencomparedto 2014and2016.

PreiTest PostiTest
Year n Yes No n Yes No
9) Doyou haveany 2014 9 44% 56% 8 88% 13%
experiencewith building 2015 | 9 | 22% | 78% | 9 | 89% 11%
codeanalysis 2016 | 14 | 36% | 64% | 14 | 50% 50%

Overall 32 34% 66% 31 71% 32%

Theresultsof question9 indicateanincreasean experiencewith buildingcodeanalysidrom prer

testto posttest. BIMwasusedasateachingtool for this material.

Preifest PostiTest
Year n Yes No n Yes No
10) AnyExperiencavith 2014 9 67% 33% 8 100% 0%
Schedulingindsequencing | 2015 | 9 67% 33% | 9 78% 22%
constructionprojects? 2016 | 14 | 36% | 64% | 13| 62% 38%

Overall 32 53% 47% 30 7% 23%

Theresultsof questionl10indicateanincreasen experiencewith schedulingandsequencing

constructionprojectspre testto posttest. BIMwasusedasateachingtool for this material.
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Predest Postil est
Year n Yes No n Yes No

11) AnyExperiencevith 2014 9 44% 56% 8 100% 0%
total developmentcost 2015 | 9 | 44% | 56% | 9 78% 22%
estimatingof construction

projects? 2016 | 14 50% 50% | 14 50% 50%

Overall 32 47% 53% 31 71% 29%

Theresultsof questionllindicateanincreasen experiencewith total developmentcost

estimatingof constructionprojectspre testto posttest. BIMwasusedasateachingtool for this

material.
PreiTest PostiTest
Year n Yes No n Yes No
12)Anyexperience 2014 9 22% 78% 8 75% 25%
coordinatingcomponent 2015 | 9 44% 56% | 9 67% 33%
systemsn buildingdesignor
construction? 2016 14 43% 57% 14 64% 36%

Overall 32 38% 63% 31 68% 32%

Theresultsof question12indicateanincreasen experiencewith coordinationcomponent

systemsn buildingdesignpre test to posttest. BIMwasusedasa teachingtool for this material.

PreiTest PostiTest
Year n Yes No n Yes No
13)Doyouthink BIMcanbe | 54,4 | o | 1000 | 0% | 8 100% | 0%
usedasateachingtool to
deliverinstructionin the 2015 9 100% 0% 9 100% 0%
previouslymentioned
assignments? 2016 | 14 71% 29% 14 100% 0%

Overall 32 88% 13% 31 100% 0%

Theresultsof question13indicatethat in 2016studentsperceivedanincreasen the perception
that BIMcanbe usedasateachingtool pre testto posttest. In 2014and2015all studentsfelt BIM

couldbe usedasateachingtool both pre andpost test.
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Preiest PostiTest

Year n Yes No n Yes No
14)Doyouthink BIMwill 2014 9 100% 0% 8 100% 0%
lenditselfto handson 2015 9 89% 11% 9 100% 0%
experientialeamning? 2016 | 14| 93% | 7% | 14 | 100% | 0%

Overall 32 94% 6% 31 100% 0%

Theresultsof question14indicatea slightincreasen the perceptionthat BIMwill lenditselfto

experientiallearningpre test to posttest. Studentsconsistentlyrespondedn the affirmativeboth pre

andposttest.
Preifest PostiTest
Year n Yes No n Yes No
15)Doyouthink BIMcanbe 2014 9 100% 0% 8 100% 0%
usedto marketprojectsand 2015 9 89% 11% 9 100% 0%
securework? 2016 | 14 93% 7% | 14 100% 0%
Overall 32 94% 6% 31 100% 0%

Theresultsof question15indicateaslightincreasen the perceptionthat BIMwill canbe used
to marketprojectsandsecurework pre testto posttest. Studentsconsistentlyrespondedn the
affirmative both pre andpost test.

Summaryof Dichotomousltems

Theresultsof the dichotomoussurveyitemsrevealedthe studentsreporteda muchhigher
frequencyof usingBIMto completeassignmentsn previouscoursesn 2016(71%)thantheydid in 2014
or 2015(11%). Theparticipantsalsoreportedthat BIM couldbe usedboth asa teachingtool through
experientiallearningandto marketand securework both pre and post test. Theresultsindicatethat the
studentsexperiencewith the coursecontentisincreasingpre testto posttest while learningthe
technologyat the sametime. Dataindicatesthe useof CADremainedstaticfrom pre testto posttest.
Thismaybe interpreted asfollows: ComputerAidedDesigris not beingassociatedvith BIM— Building

InformationModeling.Studentsreported no increasedexperiencewith CADpre test to posttest while
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experiencewith BIMincreasedore test to posttest. We mayindicatea perceptionthat CADis AutoCad
asopposedio ComputerAidedDesign.BIMis three dimensionalComputerAidedDesigrbut not
AutoCadtraditionally thought of astwo dimensionalComputerAidedDesign.
Analysisof Likert Scaleltems

Studentsrespondedo threeitems(surveyitems 1, 7 and8) that addressedheir perceivedevel
of experiencdn three areason a 6 point Likertscale(1 = No experience2 = No Experiencéut | know
aboutthe topic, 3 =little experiencebut | haveexploredthe topic, 4 = SomeExperiencebut havenot
usedknowledgein this areato completework, 5 = More experiencedand haveuse knowledgein this
areato completework on more than 3 assignments/projectsand 6 = very experiencedand haveused
knowledgein this areato successfullgompleteprojectin academieor private practice).Asnoted
previously the Likertscaleresponsesvere then modifiedto combineno experienceé’l” andno
experience'2” into oneresponseandthe analysischangedo a5 point scaleto accommodatea paired
sampled test Table4.3,4.4and 4.5 providethe Numberof Respondentgn), Mean (M) and Standard
Deviation(SD)y yearof enrollmentin the CON571 course.Thewordingof eachitem wasasfollows:
Item 1: Doyou haveanyexperiencewith BIM?
Item 7: Doyou haveanyexperiencewith masterplanningor constructionsite logisticsplanning?

Item 8: Doyou haveanyexperiencewith buildingprogrammingand conceptuabuildingdesign?
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Table4.3: SampleSize Mean, StandardDeviationfor Item 1 Levelof PerceivedExperiencewith BIM

by Year
Preifest PostiTest
Year n M SD n M SD
2014 9 2.00 1.12 8 4.67 0.71
2015 9 2.22 1.64 9 3.67 1.23
2016 14 2.71 1.54 14 4.07 1.14
Overall 32 2.38 1.45 31 4.13 1.10

From2014to 2016the meanof the studentresponseshowedincreasedexperiencewith BIM
at the time at whichthey enteredthe class Dataalsoindicatesanincreasen experiencewith BIM
betweenpre and post tests.

Table4.4: SampleSize Mean, StandardDeviationfor Item 7 Levelof PerceivedExperiencewith

Master Planning/SiteLogisticdy Year

Preifest PostiTest
Year n M SD n M SD
2014 9 2.75 1.05 8 4.63 0.55
2015 9 2.56 1.33 9 4.00 1.23
2016 14 2.36 1.01 14 2.86 1.17
Overall 32 2.47 1.11 31 3.65 1.31

From2014to 2016the meanof the studentexperiencewith masterplanningandsite logistics

wasstatic,while experiencencreasedoverthe studyperiod pre to posttest.
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Table4.5: SampleSize Mean, StandardDeviationfor Item 8 Levelof PerceivedExperiencewith

BuildingProgramming/ConceptuaBuildingDesignby Year

PreiTest PostiTest
Year n M SD n M SD
2014 9 2.63 1.06 8 4.63 0.91
2015 9 2.33 1.66 9 4.11 1.36
2016 14 2.43 0.97 14 3.21 0.98
Overall 32 241 1.46 31 3.84 1.21

From2014to 2016the meanof the studentexperiencewith BuildingProgramming/Conceptual
BuildingDesigrenteringthe classwvasstatic, while experienceincreasecverthe studyperiod pre to
posttest.

PairedSamplesT Tests

After compilingthe datafor the Likertscaleitems (questionsl, 7 and 8) the researcher
conducteda pairedsampled test for eachitem. Thesetestscomparedthe samepeopleon each
variable,at the pre test and post testinterventionfor studentstakingthe CON571 class Theobjective
of runningthe pairedt test wasto determineif studentperceptionsof their experiencewith BIMand
associatedlevelopmentplanningassignmentsvere significantlydifferent beforeand after takingCON
571. Wetesteda Null Hypothesiswith the t test andthen determinedto either retain or rejectthe null
hypothesisThenull hypothesisstatesthat there is not a significantdifferencein the meanat pre test
andposttest. Theassociatedesultswould showthe statisticof p value(p) >0.05.Thealternative
hypothesiswvasthen identified asthere is a significantdifferencein the meanat pre test and post test.

Theassociatedesultswould showthe statisticof p<.05. Table4.5includesthe numberof participants
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(N),the Mean(M), the StandardDeviation(SD), the t statistic(t), the degreeof freedom(df) , andthe

p value(p).

Table4.6 PairedSamplesTest

Variable M SD t df p

Pairl Ql1post Qlpre 1.406 1.241 6.412 31 0.000
Pair2 Q7post Q7pre 1.032 1.224 4.694 30 0.000
Pair3 Q8post Q8pre 1.065 1.548 3.829 30 0.001

Summaryof Likert Scaleltems and PairedSampled mest

In comparingthe pre testto posttestresults,the Likertscalesurveyitemsrevealedthe
studentsreported a higherlevelof perceivedexperiencewith BIMand developmentplanningafter the
classintervention. Thisanalysisvasfurther supportedby the t stat resultswherethe probability (p) =
.000(Q1post/pre),.000(Q7post/pre) and.001(Q8post/pre). Forallitemsthe p valuewassignificantly
lessthan .05 andthusrejectedthe null hypothesisand supportedthe alternativehypothesisThereisa
significantdifferencein the meanat pre test and post test which provideevidencethat the student
perceivedthat they were ableto learnthe coursematerialsandthe BIMtechnologyat the sametime.

Analysisof Qualitative — PostiTestSurveyQuestions

Theopen endedsurveyquestionsare presentedwith discussionsummarizedelow. All
gualitativesurvey questionsareincludedin Appendixill.
16. Pleasedescribeopportunitiesto further integrate BIM in other classeg/ou are or have
previouslybeenenrolledin:

Studentresponsedo item 16 indicateda consistentdesireto leveragethe tool in cost

estimating,communicationsschedulinglogisticsandregulatoryreviewaswell asproject marketing.
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Studentsfelt buildingthe projectvirtually hada greatimpacton understanding3D modelcomponents
and systemintegration. Studentsnoted the unanticipatedcapacityof the BIMtool to marketprojects
were excitedabout presentationand communicationmethodologieghat combineBIMwith a PDF
interfacesuchasBlueBeanor Adobe.

17. Pleasenote any challengeswith coursematerialsand or methodsaswell asthe amount of
time allocatedfor eachassignment:

Studentresponsedo item 17 indicatethat there wasalot of materialto coverbut the
progressiorof the classmodulesandinstructionmadesense At the beginningof the course students
consistentlywantedto usemore efficient software (CADor SketchiJp)to completethe initial
assignmentdut understoodby the end of the classthe needto startandendin BIM (AutoDeslRevit)if
we wereto learnthe materialand softwareat the sametime. Feedbackevealedthat the classwas
emulatingprofessionapracticeandrequiredcarefulconsiderationof the assignedvork and associated
planningwithin the teamsandindividuallyto keepup with the work, (it wasperceivedto be very
difficult to catchup if weeklywork wasdelayed). We seea variety of requestsfor more focusedstudy of
different sectionsof the classwith someconsistencyaroundwantingmore detail on the procurement
andcontractingstrategiesespeciallyaroundthe front end developmentof DesignBuild Requestgor
Proposals.

18. Pleasedescribeyour experienceworking in teamsusingthe most current technologyasit
relatesto your perceptionof professionalpractice:

Studentresponsedo item 18 indicatedthat groupandteamworkis essentiain the construction
industry,that learninghow to build relationshipsandrely on the team helpedassimilatdearningthe
technology Completinghe volumeof work requiredof the classwhile learningthe technologywasonly

possiblethroughleveraginghe team. Favorableliscussioraroundhavingmore experientialcoursework
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that emulatesprofessionapracticeand gaininga pragmaticskilland productat the end of classthat can
aidin professionapursuitswaswell articulatedasfavorable.

19. Doyoufeel someaptitude or initial experiencewith BIM will provide you with a competitive
edgein seekingemployment?

Consistenfeedbackthat BIMis beingusedin the constructionindustryandhavingcapacityfor
the technologywould proveto be anadvantage.Many expressedan interestin continuingto develop
BIMskillsintegratingVICCand Navisworksoftwaremore robustlywith the REVIPplatforms
20. Doyou anticipate usingBIM in the future to solveproblemsrelated to your academicor
professionalpursuits?

Discussionsevealedthat this would be dependenton the student’sfuture employmentrole but
wherethe work involvedbuildingand componentdesign,costestimating,schedulingsequencing,
drawingcoordinationand conflictresolution,the technologycouldbe leveragedwidely if applicableand
appropriate.

Summaryof Qualitative — PostiTestSurveyQuestions

Whenconsideredn aggregatehe qualitativeresultsrevealedthat the experientiallearning
modelwassuccessfulandteamworkwascriticalin keepingup with the expectationsof the course.Due
to time limitations, the studyrevealedthe needfor additionalprioritization of coursematerialsor
expandinghe courseoveralongerperiodof time. Theend of the semesterconsistentlyrevealeda
momentumof learningthat would inform additionaldiscovenyif the useof BIM couldbe leveragedover
alongerperiodof time or in new, follow up or parallelcourses.Buildinginformation Modelingcan
serveasatool in solvingthe problemsinherentto the AEQndustryand canalsobe usedasatool for
teaching. Studentsacclimatedwith BIMrevealthat they will continueto pursuethe technologyoutside
of classandassuchmayseean advantagenot onlyin initial professionaemploymentpursuitsbut also

in professionapractice.
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Answeringthe CaseStudyResearchQuestion

Aspreviouslystated,this casestudysoughtto addresghe following overarchingesearch
guestionandexploredthe useBIM/VDQechnologyasateachingtool:

1) CanVDCapplicationsbe usedasatool to effectivelyteachBIMtechnologiesand CMcourse

contentsimultaneously?
Theresultsof this studyprovidedevidencethat BIM canbe successfullyntegratedinto existing
constructionmanagementurriculumand supportsthe criticalthinking, planningand problemsolving
skillsrequiredof successfutonstructionmanagemengraduates. Thecasestudy provideda method
usedto integrateBIM asa teachingtool to teachthe existingcurriculum. Thestudentslearnedthe
existingmaterialandthe technologyat the sametime. Thisstudysuggestdhat BIM canbe integrated
into existingcurriculumandthat separateclassegocusingon the technologyitself maynot be needed.
Thestudyalsoillustratesteachingmethodologiesdevelopedin the subjectcoursethat canbe utilizedin

other coursego supportthe integrationof BIMacrosscurricula.
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Chapter5: Discussiorand Conclusions

Thisstudysupportsindustrydemandfor constructionmanagemengraduateswith some
aptitude for BIM; utilizedthe researchersndustryand professionakxperiencewith BIM; deployedBIM
in a classroomsetting;usedBIM asa teachingtool; developedand documentedmethodsto integrate
BIMin existingconstructionmanagementurricula;collecteddatathrough casestudydevelopmentand
surveytool researchand examinedthe findingsto determinethat BIM canbe successfullyntegrated
into an existingconstructionmanagementcoursewithout the needfor standaloneBIM classes.

First,the researcheestablishedhe needfor BIMinstructionin ConstructiorManagement
programsanddevelopedstrategiesfor integrationof the technologywithin existingcurricula. Through
existingliterature reviewand professionabbservation the researchedevelopedan understandingof
currentconditionsin the AEAndustryandin educationto supportthe needfor BIMinstructionin the
ConstructiorManagementiscipline.

Secondthe researcherexploredif BIM couldbe usedasa teachingtool asopposedto simply
teachingthe technology. Throughexperientiallearning,we solvedrelevantproblemsand completed
existingassignmentsisingthe BIMtool. Usingexperientiallearningtheory, the existingsyllabusor CON
571 FacilitiesPlanningand Designvassuccessfullyedesignedo integrate BIM. BIMwassuccessfully
usedasateachingtool in instructionwithout the needto recreateexistingassignment®r evaluation
criteria. Asaresultof the study,the CON571coursewasreorganizedo providea more robust
integrationof BIM earlierin the semester.

Third,at the onsetand conclusiorof the class studentsurveyswvere administeredto determine
initial experienceandaptitude for the tool andat the conclusiongffectivenesf instruction. The
studentsurveysndicatedthat usingBIM asa teachingtool in experientiallearningwashighlysuccessful

andseemedto emulateprofessionapractice.
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ResearchAimsMet by the Study

Throughthe courseandresultingstudy,the researchemwasableto leverageindustryand
professionakxperiencewith BIM. Havingprofessionakxperiencewith BIM provedto aidin instruction
andstudentsseemedto participatemore robustlyin discussionsroundreal projectsthey couldseeon
campus.Theroutine useof BIMin developingbuildingprojectsdirectly on campusalsoinforms
instructionwith realworld examplesof projectsthat were underdevelopment.Thestudyrevealedthat
BIM couldbe successfullyntegratedinto an existingcurriculumandin a computerlaboratoryclassroom
setting. Thecoursesyllabusvasmodifiedin three phaseswith opportunitiesfor continuedrefinements.
Asaresultof the study,the researchedeterminedto fully deploythe “row champion”conceptin future
classesBIMwasusedasateachingtool throughexperientiallearningto studybuildingplanning,design,
codeanalysisschedulingsequencingand constructiondocumentcoordination.Theresearchewasalso
ableto studyandimplementexperientiallearningtheory, learningwith technology,andconnectivism
learningtheory asdevelopedby Siemeng2014).

Contributionto Existingknowledge

First,the studyindicatedarobustproliferation of BIMin the constructionindustryoverthe last
sevenyearsanddemonstratedanindustryneedfor constructionmanagemengraduateswith some
aptitude for BIM.

Secondgontinuingconstructionmanagemeneducationandassociatedyraduation
requirementsneedto adoptBIMinto their curriculum. Surveyrespondentsvere consistentin their
responsearoundthe needfor integrationin preparationfor professionapractice.

Third, T test analysigevealedthat studentperceptionthat BIM couldbe usedasateachingtool
andsuccessfullyntegratedinto an existinggraduatelevel constructionmanagementourseincreasedat
posttest. Theseresultsprovide evidencethat BIMwassuccessfullgleployedin an existingcourseover

three semesters.
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Fourth,the completedcasestudy promotesthe benefitsof experientiallearning,usingthe
campusitself asateachingandlearninglaboratory,andthe useof BIMtechnologyto exploreconcepts
andcompleteassignmentshat paralleland preparestudentsfor professionapractice. Theresultsof
the casestudycontinuesto inform courserefinementstoday.

Applicationin the Constructionindustry

Buildingsare becomingmore complexanddeliveryschedulesnore accelerated. Todaythe
constructionindustryis leveragingechnologyto improveprojectdeliveryand needsconstruction
managemengraduateswith somepropensityfor Buildinginformation Modeling(BIM). An experiential
aptitude for technology mostspecificallyBIM,isimportant for CMgraduatesvho wishto successfully
navigatethe growingcomplexitiesof projectdeliveryand meetindustrydemand.Of equalimportanceis
the ability to collaborateandwork in teams.Thiscollaborationis promoted and supportedby BIM. BIM
isusedtodayin the constructionindustryasthe platform on whichdesignbuild andintegratedproject
deliveryis practiced;to completeconstruction,lift andshopdrawings;for costestimatingand cost
managementto generateand analyzeproject schedulesand communicatethis information. It is
reasonablgo concludethat the useof BIMwill continueto grow, andthe waysin whichBIMis
leveragedwill continueto evolve.Preparingconstructionmanagementtudentsto think criticallyand
innovateusingBIMwill providea solidfoundationfor the nextgenerationof constructionindustry
leaders.

Opportunitiesfor FurtherResearch

Continuingefforts to integrate BIMinto ConstructionManagementeducationis needed.
Furtherresearchs directedtoward teachingmethodologiesandinterdisciplinaryteam based
adaptationof this parametric,datadriventool to encourageadiscoveryandinnovation.BIMis rapidly
changinghe waywe deliverbuildingsand preparingstudentsto leveragethis tool in preparationfor

future work engagementss important. Thiscasestudycouldbe repeatedgiventhe ever advancing
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nature of technologyin the AEAndustry. While the current courseis updatedon anannualbasis,new
VDCools andtheir impacton CMeducationis a pertinent topic for continuedexploration. Further
studywould allowfor additionaldata collectionto helpvalidatethe resultsand provideadditional
insightandrecommendationsaroundusingBIM asa teachingtool. Thestudycouldalsobe appliedto an
undergraduatdevelcourse.Thiswork canprovidethe basisfor ongoingstudy of educationalttheory and
how it isimpactedor informed by technology.Opportunitiesexistto more closelyalignandleverageCM
educationand AECcollaborationwith professionapracticethroughexperientiallearning.
StudyLimitationsand Generalizationof the Findings

Thestudywaslimited to three semestersandfocusedprimarily on graduatestudents.Dueto
the limited duration of the studyandlimited samplesize the findingsare generalbut do offer
verificationthat AEGstudentsare becomingincreasingawareof the BIMtool while newtechnologyand
coursematerialscanbe learnedat the sametime. Thecoursewasdevelopedin adynamicway;that is,
adaptationswere implementedin subsequensemestergivenchangesn the technologyitself and/or
the processesisedto procureprojectsat CSU.Smallcoursechangesetweensemesterdo enhance
the coursemayhavehadanimpacton the surveyresults. Theexploratorydescriptivecasestudy
approachthe generalizatiorof the studyandthe associatedgsurveyguestionswere intendedto mitigate
the impactof the smallcoursemodificationsbetweensemesters.BIM canbe usedasateachingtool,
andthat the needfor separatecoursedocusedon the technologyitself maynot be needed. Students
reported a preferencefor experientiallearning,workingin teams,and usingthe campusjncludingthe
ongoingplanning,designand constructionprojects,asalearninglabfor the course.

Thecasestudysurveydataisfrom 2014,2015and 2016andthe studywascompiledin 2021.

Thedataandresults,while severalyearsold, remainrelevantsincethe BIM applicationimplementsand
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buildingdevelopmentprocessemainstaticsincethe casestudywasperformed. Thatsaid,continuation
andrefinementof the studywould promote that new databe assembledandanalyzedandreportedto
confirmandexpandthe finding herein.

Surveyguestionswere developedthrough collaborativediscussiorwith a numberof inputs
from a numberof individualsinterestedin the study. While the feedbackwasembraced this mayhave
ledto acomplexityin the questionsthat impactedinterpretation, the responsedataand associated
analysisFuturesimilarstudieswould benefit from a simplificationof the Likertscalesurveyquestions
towardslessoptionsfor the response.In orderto completethe t test analysigesponsedo Likertscale
guestionsneededto be combined.Responses the No Experienceand No Experiencéut awareof the
technology were combinedinto a no experiencecategoryof responseo allow for clarity of the analysis
within the StatisticalProgramfor the SocialScience$SPS3joftware.

In 2014,whenthe studystarted, literature aroundthe needfor BIM educationin the
constructionmanagementisciplinewassomewhatlimited. Asa result,the researcheteveraged
professionakxperienceand correspondencavith industryto helpvalidatethe needfor the study.
Professionaéxperiencerevealedthat BIMwasbeingusedin the constructionindustry,andthat the AEC
professionalseinforceda needfor new employeeswith someaptitude for BIM. Thecurrent
proliferation of BIMin the constructionindustryandthe associatedesponsédn construction
managementeducationpresentsanothercompellingopportunity for further studyand more in depth
analysiof the surveytool acrossa wider sample. Additionalstudymight focuson currenttechnology
andthe useof BIMin the constructionindustryto determinehow bestto prepareCMstudents.With
emergingtrendsit wasalsoimportant to studythe incorporationof BIMin both architecturaland
engineeringeducationaswell asin constructionmanagemeneducationto determinepotential
strategiesfor the integrationin CON571.Thisportion of the literature reviewwasalsovaluablein

formulatingthe casestudy.Additionalliterature reviewwasthen requiredaroundeducationattheory
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that couldhelp supporta more interdisciplinary experientiallearningmodelthat alignedwith
professionapractice.Asafollow onto this casestudy,a future studyshoulddeploya more focused
literature reviewwhich couldbe focusedon educationattheory and methods.Themajority of the
referencescontinueto be includedin new subjectstudiesbut in light of the rapid proliferation of
technologyanddesiredincorporationinto CMeducation,manyof the researchsourcesare aging.
Reflectionson courseevolution and usingBIM asa Teachingloolsince2016

Termsassociatedvith the constructionindustryandthe associatedechnologyare perhaps
uncommonto other typesof researchandhavebeendefinedby referenceandthroughalisting of
termsat the beginningof the documentation. Of Importancein the teachingof constructionindustry
studentsisto clearlydefinethe languageassociatedvith the industry. Thispracticebetter informsan
understandingof the materialbeingpresented.Understandingf the termsand bracketingthe ongoing
evolutionof technologyin the constructionindustryis criticalin professionapractice. Clearlydefining
gualificationsmethods,metricsand practiceis criticalto the studyof constructionmanagementand
associatededucationpedagogiesThelistingand presentationof criticalterms helpedinform the initial
literature reviewand establishelementsof the study.Usingthe definitionsand conceptsdeterminedas
the casestudyemergedhelpedto definethe parametersof the studyand explainthe materialsthrough
reportingthe resultsof this study. We hada greatdiversityof graduatestudentsandassociated
experiencewith construction. It wasimportant to determinethat the classwasfamiliarwith the terms,
conceptsandlanguageearlyto help promote understandingasthe courseprogressed.

Asinformed by implementingthe overarchingesultsof the study, In the fall of 2017,we saw
the work completedon the masterplanning/logisticsplanningassignmenexceedexpectationswith the
entire cohortwell engagedwithin their teams. Theteamsproducedwork that informeda changein the
secondproject (programplanningand conceptuabuildingdesign).Traditionally the programmingand

conceptualdesignwork of the classhad continued,andthe teamscompleteda 25 A0 pagewritten
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document. In 2017we determinedto combinethe two teamsinto one developmentteamthat would in
theory developindividualbuildingsto inform developmenteededto accommodatecampusgrowth for
the next10years. Theteamwould developthe work in athree dimensionalgraphicand drawingform
asopposedto the more narrativebasedanalysisusedto completethe work in previoussemesters.Each
teammemberwould work in REVITo developindividualbuildingsto a schematiadesignlevelof detail
with the associatedspatialanalysisschedule codeanalysiscostestimatesandlogisticsplanning. This
individualwork wasusedto inform alargereffort wherethe entire classwould presenttheir work asa
teamindicatingthat thesebuildingsarerequiredto accommodatecampusgrowth for the nextten
years. Thework includeda runningschedulefor developmentand associatectostswith appropriate
compoundingescalatiorbuilt in overtime. Theindividualmodelswere linkedto the campusmapand
instructionaroundhow the individualfiles would updateautomaticallyin the masterfile was
administered. Thesyllabusvasupdatedlive after discussionsrounddeliveryof remainingwork
immediatelyafter classin 2017.

Oneof the more significantchangegerivedfrom the studyandassociatedliscussionsvasthe
implementationof a“row champion”for eachstudentgroup. Arow championis definedasan
individualon eachteamthat would sit in the middle of eachseatingrow to helpthe other team
memberswith instructionaroundthe useof BIM. Thesendividualswere identified viainformal
discussionsluringthe first classandin studyingthe responsedo the pre classsurvey.Therow
championsvolunteeredto participatein this role, havingidentified that they had someexperiencewith
BIM cominginto the class. Theintent of this strategywasto havean activeteammemberthat could
help otherswith lessexperiencekeepup with the paceof instruction. Thisalsoprovedvaluablein team
building,promotingleadershipand seemedto encouragediscussiorwell beyondthe technological

interface.
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Coordinatinglnstruction

Coupledwith the work in CON571,we were coordinatingBIMinstructionefforts with CON511
ProjectProcurementand Preconstruction.CONb11plannedto leverageBIMto documentexisting
conditionsof the Industrialsciencesuildingfrom cloudpoint data providedby industry. In 2017, four
studentsin the CON571classwere alsoenrolledin the CONb11classandwere ableto leverageBIM
instructionfrom both classedo makesignificantprogressandhelp instruct other membersof the team
with lessexperienceusingthe technology.

Throughoutthe duration of the studywe witnesseda veryfavorable positiveexchangeof
information,ideas,personalexperienceand expressionTheproductswere perceivedto be of higher
quality asaresultof the collaborative creative,realworld endeavor. Theclass asalways waslabor
intensiveandrequiredhardwork in learningthe developmentprocesswhile at the sametime learning
the cutting edgetechnologyandassociatedpplicationsequiredto add efficiencieso the process.

TheCONb571studentsemulatedwhat shouldbe expectedof graduatestudents.Theinstructor
wasableto point the groupa certaindirection, havearobustdiscussionwork with veryintentional
positivefeedbackand havethe resultingsolutionexceedthe requirementsand expectationsinstruction
wasbasedon a mentor in the middle coachingnodel. Theinstructorleveragedongoingprofessional
practiceon campusand actualcampusprojectsto solicitand maintaininterest. Continuouspositive
reinforcementwasalsoparamountespeciallywhenthe materialandtechnologyseemedoverwhelming.
It wasimportantto carefullymonitor the work requiredof other universityand sometimesprofessional
commitmentsto ensurethe engagementindassociatedvork wasproperlyscheduledTheintent was
to promote a positive,low stresslearningenvironmentwhereall studentscouldbenefit from the team
dynamicandleverageexperiential live learningwhichwasessentiako the succes®f the class.It was
alsoimportantto reinforcethe requiredcontributionsof eachindividualteam memberif the teamwas

to be successful(Kolb,2005)
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Theresearchemndinstructorexperiencedan unanticipatedinterestin the technologyandclass
materials. Studentsoften stayedengagedafter the three hour classto discusghe materialandgaina
better individualunderstanding.Studentsroutinely visitedmy office to further developtheir solutions.
Projectteamswere often found in adjacenthallwaysstrategizingoefore and after class.Toemulate
professionalwvork, the tenantswe practicein classincluderesearchinggollaboratingin ateamandthen
deliveringa quality productwith innovationwhile maintainingefficiencieghroughthe useof technology
andleanconstructionmethodologies.

Theaccumulatiorof the classresultedin a compellingthree dimensionabirtual campusmap
illustratingthe coordinatedbuildingsthe studentshaddevelopedoverthe courseof the term.

Further Developmentsand Lessond earned

In2017,with only sevenstudents,we sawmore progressn BIM, earlierin the course We found
the project planningassignmentvaswell in excesf expectationsespeciallyin comparisorno previous
semesters.We sawa robustexplorationof BIMandthe highlychallengingoroject planningand design
deliberation. Thework readilydemonstratedthe if —then; causeeffect deliberationsoclosely
associatedvith criticalthinking, project developmentandlogisticsplanning.We sawBIM deployed
robustlyto illustrate processand solutionsfor the three major assignmentsIn presentingtheir work,
the studentspromotedthe path and procesghey usedin developingthe designdocumentsusingBIM.
Asaresultof this, we reassessethe remainingsyllabusandasa classdeterminedthat the more
narrativebasedportions of the buildingprogramplanassignmentouldbe reducedin favor of each
studenthavingmoretime to work to developthe sameinformation graphicallythroughtheir individual
buildinginvestigationin BIM. We establishedhe goalof reincorporatingthe resultingconceptual
designwork backinto a consensusnasterplanandlogisticsframe work at the end of the courseand

then presentedthe resultinggraphicsasa cohesiveteam.
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Conclusiorof Study

Asprofessionalsye often think of developmentplanningasa skillthat is practicedovertime
andeventuallymasteredover a career.Fundamentalganbe taught, but experienceand practiceis
required. Theuseof BIMin planning,designand constructionshouldnot only be taughtto evoke
criticalthinking, but alsoto leverageopportunitiesfor more in depth and perhapsmore efficient
developmentstudy. Thetool allowsfor moretrials, with the trials investigatedn more depthin the
sameamountof time whencomparedto the samestudyattemptedwithout the useof the BIM
technology.

Subjectiveand qualitativediscussiorfrom studentsreinforcedthat the instructor packsa lot
into a shortamountof time, that eachof the studyareasor assignmentgouldbe a semestercourse.
Whileworkingin teamsisrequiredand promoted, the amountof work productrequiredof the courseis
ambitious. Eachyearthe researchenbservesapparentanxietyandworry asthe syllabuss presentedin
the initial classcomparedto the comfort and senseof accomplishmentisplayedwvhenthe students
completetheir final assignmentndreflect on the hardwork requiredof the course.

Teambasedmethodologiesare essentiako successfuprojectdelivery,especiallyasbuilding
complexityincreasesaindthe allowabletime to deliverthe projectsseemsto decreaseTheclasss
structuredto emulateprofessionapracticewhere studentsof variousdisciplinesare selectively
diversifiedandallowedto work in teams. Theteamshavethe opportunity to strategicallyplanthe
workloadamongthe teammembersto ensuresuccessfuhssignmentelivery.Thiscasestudyindicated,
and continuesto reinforce,that a highlysuccessfuintegrationof technologyin an existingcoursewhile
maintainingand promotingthe team based,interdisciplinaryproject deliverymethodsthat are critical

to succesd$n professionapractice. Thework of the studentswho participatedin this study continuesto
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inform ongoingresearchdiscussiorandinfluenceprofessionapractice. Thestudentsshouldbe proud
of the processthe products,andtheir contributionsto future courseworkat ColoradoStateUniversity

andthe profession.
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APPENDIKInstitutional ReviewBoardApplication

Colorado State University

Institutional Review Board

REQUEST FOR EXEMPTION
for the Use of Human Subjects in Research

Research involving surveys, interviews, the ofsexisting data, tastend food quality evaluation
and standard educational reseageherally fall within the exept category. Projects that are
considered exempt must be less thmnimal risk to the participants.

An IRB Administrator or IRB mmber must review the application and determine that the
project is exempt from expedite or full revie@nce a protocol has been determined to be
exempt, the protocol will not be monitorby the IRB on an ongoing basis. If the research
gualifies for exemption, a notifitian will be forwarded to the PI. Please keep the notification
for documentation that the project is consideaeempt and does nokeed continuing review by
the IRB. The PI must notify th&®B Administrator if any proposechanges to the research will
be made. At that time, an IRB AdministratorlBB member will determine whether the status of
the research has changed. Any complaints thgthaee been received during the course of the
research must also be reported.

A determination that research is exempt doeshsblve the investigators from ensuring that the
welfare of human subjects partiaing in research activities [gotected, and that methods used
and information provided to gain subjecinsent are appropriate the activity.

Data collection may not begin until the lids been notified that the project
has been determined to be exempt.

The six exempt categories can be found at:Mitpb.research.colostatdigricro/hrc/forms.aspx
Below are exceptions that are NOT considered exempt.

Exceptions:
Exemptions will not be granted for the following circumstances:

» Research involving prisoners. All prisonesearch is reviewed by the full IRB.

» Research that includes botheexpt and non-exempt activities cannot be determined to be
exempt and should be submitted for expedite or full review.

» Research involving coercion, undue influenas;eption, risks or discomforts greater than
encountered in daily life.
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NOTE: If the project is determined not to be Exmnthe protocol will neetb be entered into
eProtocol and sent out for ExpediteFull review electronically.

Colorado State University
Institutional Review Board (IRB)

REQUEST FOR EXEMPTION

(Administrative Review) for the Use of Human Subjects in Research

APPLICATION INSTRUCTIONS: Complete the 2 parts below, submit to address at the end
of this form. NOTE: The form is protected for your convenience to tab through the form. If you
need to unprotect the document, please contact Janell.Barker@Research.colostate.edu.

PART I: GENERAL INFORMATION

Title of Project: An initial case study describing the integration of Building Information
Modeling (BIM) in an existing graduate level construction management course to
support construction industry demand for candidates with some aptitude for BIM.

Principal Investigator (P1):  Jonathan M. (Mike) Rush email: mike.rush@colostate.edu
Department: Construction Management

Campus mail code : 6030 phone: 970-491-0080, 970-567-1011

(for student projects; Pl must be advising faculty member)

Co- Principal Investigator (Co-Pl): n/a email: n/a
Department: n/a
Campus mail code : n/a phone: n/a

Source of funding: n/a
If externally funded, include PASS number if known: enter pass number here
Please provide a copy of the grant proposal, if applicable.

Indicate the anticipated start an d ending date for this project.
Start: August 20, 2014 End: December 20, 2014

Rank of PI: [_] Faculty Special Appointment, Assistant Professor
X[] Other: Working Professional, Adjunct Faculty

Rank of Co-PI: [] Faculty[ | PhD student [ ]| Masters Student [_| Undergraduate
[ ] Other: describe 'other' here

PART II: PROJECT DESCRIPTION
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1. Provide a lay summary for all study activities. Please prov ide a copy of the
thesis/dissertation methods  section if applicable.

The research project will includeliterature review based nefexd the research, a case study of
CON 571 and associated qualitatarealysis and reporting. Qitative analysis is readily
applicable to case study research espeacidtigre the proposed surveys will result in limited
samples. (Creswell (2010);Gay,L.,(2011)eT®ON 571 case study witiclude a pre course

survey and post course survey of enrolled students. Due to the limited sample size of the
proposed surveys, qualitative research andyaisailechniques as fileed by Creswell (2010)

will be deployed. Case study planning and methods as defined by L. Gay ( 2011) with
associated class surveys will be the focus oféeearch. The most compelling tenant of using
CON 571 as a case study is that data can beeskowuer time in subsequent courses and become
the basis for ongoing research toward possibttadiml studies in edwation. For the author,
learning by teaching fits intor@adily defined learning ecology on a university campus. A case
study is appropriate when a raseher needs to answer theléw did they do that” question.
Educational theory shall forthe basis of a case study proposal and first time researchers should
limit their sample to one case study. (L. Gay 201Bjperiential learning theory as defined

initially by John Dewey in 1938 is learning informed by transformative experienol( K Y.,
Kolb, D. A., and others .2005). Also of interestecent work by CSU’s Institute for Teaching
and Learning around “leaning ecologies” and gaegyrant opportunities fannovative course
redevelopment which may ditdcalign with this proposal.

The research project will delop a structured case studyG®N 571. The aim of the study

will be to utilize the findings of the literatureview, informal student employee case studies
and recent instructional expenice to redevelop a gradudgeel construction management
course to fully integrate BIM as a teachiogl. The process for implementation will be
described in detail with the intent of retainiexjsting course materials and assignments while
utilizing BIM and Virtual Design and Constructi¢fDC) technology as a tool to complete the
work. | believe by definition and if forrip documented, this integration process can be
identified as an ongoing case study to infgmmaposed current and future research.

Research Questions

1) What methods can be utdid to integrate BIM into exieg Construction Management
curriculum.

2) What is the experience levadl an initial random sample &M graduate students in the
use f BIM.

3) At the end of the course, will the studsammple be prepared to use the BIM tool for
completing future assignments?

4) At the end of the course, will the studenthpée feel they are better prepared (via the
experience gained in using BIM) to seskployment opportunitieis the construction
industry.

5) Identify the challenges and benefitsBdM integration to inform ongoing course
modifications and subsequteresearch over time.
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The non-experimental, qualitative case study pfaesearch includes adnistering a student
class survey at both the begingiand at the conclusion of thass$. It is anticipated that
gualitative methods and associatgdphics will be used to sifypreport the results of these

very pragmatic surveys. The majority of theéi@pated questions will be closed for ease of
interpretation with two open ended questionthatend of the surveys to promote discovery and
not limit the content, quality or length of response. After IRB approval, pilot surveys will be
administered. | plan to leveragudents who have complete@ ttourse in previous years and
feedback will be used to refine the questionstialrsurvey questions are attached and most of
which will utilize a Likert scale to add consistency of response format.

2. Describe the participant populat ion, including age range and
inclusion/exclusion criteria. State  how many will be recruited.
Construction Management Graduate students enrolled in CON 571, Fall 2014. Anticipate
between 11 and 20 students

3. Describe how potential participants  will be approached about the research
and how informed consent will be obtai  ned. Alternatively, provide an
explanation of why informed consent or documented informed consent will
not be obtained. Please attach a co py of the consent document, if
applicable.

The survey will begin with the following language:

You have been selected to participate ia tasearch because of your interest in the
course, Facilities Planning and Managensnd BIM. Participation is voluntary but
Your perspective as a student completing cauosk using BIM as a tal is essential to
inform ongoing integration strategies iretdepartment of Cotrsiction Management,
Colorado State University. A copy of the consent form is attached.

4. Describe how identifying information w ill be recorded and associated with
the data, i.e., codes. Al ternatively, provide details on how study data will
be collected and stored anonymously  (i.e., without a code or identifiers
linking the data to the part icipants’ identity.)
Due to the limited sample size of the ®yyvnon-personal, non-identification based
guestions, coding of the datalwiot be completed. The data ( survey results ) will be
secured such that only the principal investiig has access to the data. The analysis and
reporting of the data will be anonymous.

5. Describe all study procedures, includi  ng topics that will be discussed in
interviews and/or surveys. Please attach  the interview questions or survey
questions, if applicable.
A copy of the survey instrument is attach&tko attached is a copy of the email/consent
to participate. Both documents will be administered in the first two classes, fall semester
2014.
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6. Which exemption category does your  study fall in? (list of categories are
at: http://web.research.colostate _.edu/ricro/hrc/forms.aspx_ )
Category 1: Research conducted in estabtisor commonly accepted education settings,
involving normal education practices, swash(a) research on regular and special
education strategies, or (b) research endatiectiveness of or the comparison among
instructional techniques, curricular, classroom management methods.
45CFR46.101(b)(1)

As the principal investigator, | assure  the IRB that all procedures performed
under this project will be conducted exactly as outlined in this form and that any
modification to this protocol willbe s ubmitted to the IRB in the form of an
amendment for its approval prior to implementation.

Principal Investigator:

Jonathan M. Mike Rush June 30, 2014
(typed/printed name) (signature, if paper copy) (date)

HEN COMPLETE:

Email electronic version from  PI's email address to:
Janell.Barker@Research.Colostate.edu

Sent email will serve as electronic signature from PI.

OR

Deliver signed original copy to:

IRB Administrator, RICRO, 321 General Services Building, campus delivery 2011
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APPENDIX: Institutional ReviewBoardApproval

Col

University

Research Integrity &

Compliance Review

Office Office of Vice
President for Research

Fort Collins, CO

80523-2011

(970) 491-1553

FAX (970) 491-2293

Date: July 11, 2014

To: Mike Rush, Construction Management

From: IRB Coordinator, Research Integrity & Compliance
Review Office (RICRO_IRB@mail.colostate.edu)

Re: An initial case study describing the integration of Building Information Modeling (BIM)
in an existing graduate level construction management course to support construction
industrydemand for candidates with some aptitude for BIM

IRB ID: 103-15H Review Date: July 11,

2014

This project is valid from three years from the review
date.

The Institutional Review Board (IRB) Coordinator has reviewed this project and has declared the
studyexempt from the requirements of the human subject protections regulations with conditions as
described above andas described in U45 CFR 46.101(b):

Category (1) Commonly accepted educational settings, involving normal educational
practices, such as (i) research on regular and special education instructional strategies, or (ii)
research on the effectiveness of or the comparison among instructional techniques, curricula,
or classroom managementmethods.

The IRB determination of exemption means that:

This project is valid for three years from the initial review. After the three years, the file
will be closed and no further research should be conducted. If the research needs to
continue, please let the IRB Coordinator know before the end of the three years. You do not
need to submit an application forannual continuing review.

You must carry out the research as proposed in the Exempt application, including
obtaining and documenting (signed) informed consent if stated in your application or
if required by the IRB.

Any modification of this research should be submitted to the IRB through an email to the IRB
Coordinator, prior to implementing any changes, to determine if the project still meets the
Federal criteria for exemption.

Please notify the IRB Coordinator (RICRO_IRB@mail.colostate.edu) if any problems or
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complaints ofthe research occur.
Please note that you must submit all research involving human participants for review by the IRB.

Only the IRB or designee may make the determination of exemption , even if you conduct a
similar study in the future.
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APPENDIN: StudentSurveys

PRE CLASS SURVEY QUESTIONS

Con571- CaseStudy— ImplementingBIMin an existingConstructionrManagementGraduate
LevelCourse.

PreClassSurvey

Mike Rush

mike.rush@colostate.edu

970491 0080,9706674011

» Doyouhaveanyexperiencewith or anaptitude for BuildingInformation Modeling
(BIM)?

* NoExperience-1 knownothingaboutBIM

No Experience Butl knowwhat BIMisandhow it canbe used.
» Little Experience- | haveonly exploredthe software( REVIT.
* SomeExperience IthaveusedBIMon assignment®r projects.
* More Experienced- | haveusedBIMon more than three assignmentsnd/or
projects.
* VeryExperiencedl routinely usedBIMto completeprojectseither in academia
or in private practice.
» HaveyouusedBIMto completeassignmentsn any of your previouscoursework?
* Yes
* No
* Doyouhaveany ComputerAided Design(CAD)experience?
* Yes
* No
» HaveyouusedCADto completeassignmentsn previouscoursework?
* Yes
* No

» Areyougenerallyableto easilylearntechnicalsoftware andintegrate technology?
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e Yes
« No

 Whatisyourage?

- 1804
e 2480
+ 3086
e 4248
* Over48

» Doyouhaveanyexperiencewith masterplanningor constructionsite logistics
planning?

* NoExperience-1 knownothingaboutplanning

No Experience Butl knowwhat planningisandhow it canbe used.

» Little Experience- Butl haveexploredplanningprojects

* SomeExperience Ithaveusedplanningto completeone assignmenbr project.

* More Experienced- | haveusedplanningto completework on morethanthree
assignmentsnd/or projects.

* VeryExperiencedl havesuccessfullpsedplanningto completeprojectseither

in academieaor in private practice.

* Doyouhaveanyexperiencewith building programmingand conceptualbuilding
desigr??

* NoExperience- 1 know nothingabout programmingand buildingdesign.

* NoExperience Butl knowwhat programmingand buildingdesignisandhow it canbe
used.

» Little Experience- Butl haveexploredprogrammingandbuildingdesign.

* SomeExperience Ithaveusedprogrammingandbuildingdesignto complete
assignment®r projects.

* More Experienced- | haveusedprogrammingand buildingdesignto completework on

more than three assignmentsnd/or projects.
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* VeryExperiencedl havesuccessfullpysedprogrammingandbuildingdesignto
completeprojectseither in academieor in private practice.

* Doyouhaveanyexperiencewith building codeanalysis?

s Yes

* No

* Anyexperiencewith schedulingand sequencingconstructionprojects?
* Yes

* No

» Any experiencewith total developmentcostestimatingof constructionprojects?Total

DevelopmeniCostestimatingfor the purposeof this question,combinesall hard (
construction) costs,soft ( fee basedcosts)with land costsandanyandall furniture and
equipmentnecessaryo eventuallyoperatethe building. It doesnot includethe costof
projectfinancing.

* Yes

* No

* Anyexperiencecoordinatingcomponentsystemsin building designor construction?
* Yes
* No

* Doyou think BIM canbe usedasa teachingtool to deliverinstruction in the
previouslymentioned assignments? MasterPlanning ProgrammingConceptual
BuildingDesignBuildingCodeAnalysisCostEstimating ComponentSystem
Coordination)

*Yes

* No
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» Doyou think BIMwill lenditself to handson, experientiallearning?(experientiallearning
mostsimplydefinedby learningby doing)

* Yes

* No

* Doyouthink BIM canbe usedto market projectsand securework?

* Yes
*« No
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POST CLASS SURVEY QUESTIONS

Con571- CaseStudy— ImplementingBIMin an existingConstructiorManagemeniGraduatelevel
Course.
PostClassSurvey
Mike Rush
mike.rush@colostate.edu
970-491-0080, 970-567-1011
1. Do you have any experience with or an aptitude for Building Information Modeling
(BIM)?
a. No Experience — | know nothing about BIM

b. No Experience - But | know what BIM is and how it can be used.
c. Little Experience — | have only explored the software ( REVIT ).
d. Some Experience - | have udglM on assignments or projects.
e. More Experienced — | have used BIM miore than three assignments and/or
projects.
f. Very Experienced- | routinely used BIM tomplete projects either in academia
or in private practice.
2. Have you used BIM to complete assignnmés in any of your previous coursework?
a. Yes
b. No
3. Do you have any Computer Aided Design (CAD) experience?
a. Yes
b. No
4. Have you used CAD to complete aggnments in previous coursework?
a. Yes
b. No
5. Are you generally able to easily learnechnical software and integrate technology?
a. Yes
b. No
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6. What is your age?
a. 18-24

b. 24-30

c. 30-36

d. 42-48

e. Over 48

7. Do you have any experience with master planning or construction site logistics
planning?
a. No Experience — | know nothing about planning
b. No Experience - But | know whatanning is and how it can be used.
c. Little Experience — But | havexplored planning projects
d. Some Experience - | have used planrimgomplete one assignment or project.
e. More Experienced — | have used planniogomplete work on more than three
assignments and/or projects.
f. Very Experienced- | have successfully upéghning to complete projects either

in academia or in private practice.

8. Do you have any experience with buildig programming and conceptual building
desigr?

a. No Experience — | know nothing aliqurogramming and building design.

b. No Experience - But | know what pr@mnming and building design is and how it
can be used.
Little Experience — But | have exglkd programming and building design.

d. Some Experience - | have used progmang and building design to complete
assignments or projects.

e. More Experienced — | have used pragnaing and building design to complete
work on more than threessignments and/or projects.

f. Very Experienced- | have successfullyed programming and building design to

complete projects either in acadaror in private practice.
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9. Do you have any experience with building code analysis?
a. Yes
b. No

10. Any experience with scheduling and sequencing construction projects?
a. Yes
b. No

11. Any experience with_total development cost estimating of construction projects?

Total Development Cost estimating for the pwgof this question, combines all hard (
construction ) costs, soft ( fee based cost#d) land costs and arand all furniture and
equipment necessary to eventually operagebthilding. It does not include the cost of
project financing.

a. Yes

b. No

12. Any experience coordinating component systs in building design or construction?
a. Yes
b. No

13.Do you think BIM can be used as a teachg tool to deliver instruction in the
previously mentioned assignments® Master Planning, Programming, Conceptual
Building Design, Building Code Analysi€ost Estimating, Component System
Coordination)
a. Yes
b. No

14.Do you think BIM will lend itself to hands on, experiential learning¥experiential
learning most simply defined by learning by doing )
a. Yes
b. No
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15.Do you think BIM can be used to market projects and secure work?
a. Yes
b. No

16. Please describe opportunities to furtheintegrate BIM in other classes you are or
have previously been enrolled in:

17.Please note any challenges with courseaterials and or methods as well as the

amount of time allocated for each assignment:

18.Please describe your experience working iteams using the most current technology
as it relates to your perceptdn of professional practice:
19.Do you feel some aptitude or initial egerience with BIM will provide you with a
competitive edge in seeking employment?
a. Yes
b. No
If Yes, Please describe how you miht present these qualifications when
seeking employment:

20. Will you continue to study BIM outside ofthis course? Do you anticipate using BIM
in the future to solve problems related tojour academic or professional pursuits?
a. Yes
b. No
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APPENDIN/: Syllabu€xhibits

2010 CON 571 SYLLABUS

CON 571 Facility Planning and Management Course Syllabus

Class time: Monday - 4:00- 6:45 PMLdica: 226 Guggenheim Bldg.  Credits: 3

Lead Instructor: Bill Franzen Advisory Instructor: Brian H.
Office: Dunbar Office: 114
Office Hours: 6:45-7:30 PM Monday. or Spruce Hall
by appt. Telephone: (970) 556-9668 Office Hours: 3-4 Monday, or by appt.
E-mail: SAGE2LLC@gmail.com Telephone: (970)
491-0244
E-mail:

brian.dunbar@colostate.edu

Course Description:
Planning, organizing and managing large educational and/or community facilities

Course Objectives:
To assist graduate students in understanding the issues involved in, and the facets of, facility
planning and management through hands-on projects working with actual clients

Each student will;

1. Be exposed to the components of facility management such as: space planning, life safety
and security management, and building systems planning and management.

2. Understand the major components required to develop a facility management plan, perform
existing facility analysis and integrate sustainable practices into facility planning and
management.

3. Be required to work on a project team to develop a comprehensive facility plan. The project
will include space utilization plans, building layout, equipment and furniture plans, and building
energy systems and materials schematics.

4. Develop an understanding of the tools and techniques of planning and managing facilities,
including knowledge of a facilities management software program.

Grading Criteria:

Class, Project, and Small Project/Charrette Participation 30%Individual Facility Research
Project Assignment 30%
Group Facility Planning/Management project 40%

Projects:

Individual Research Assignment

Use a facility as a case study from the list provided or self-selected with the instructor approval.
Interview the owners, facility management administrators and/or staff. Identify the selected facility
issue(s) and describe how the owner, facility management administrators and/or staff respond to them
on a day-to-day and long-term basis. A professional presentation, presented as if you were making it to
your colleagues and employer, will be required.

10 minute concise Power Point presentation — limit of seven slides
3-4 cited resources/references

Electronic and 4-6 page hard copy report due with presentation
Incorporate graphs and photos as appropriate

X X X X
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Group Facility Planning/Management Project — “LEED EB/OM”

From the selected Group Facility Planning/Management Project, identify unresolved issues, or
alternative approaches to resolved issues, that are important to the owner for the completion of the
project. Working in small project groups describe the issue, develop alternatives, research resolutions
to similar issues, and fully develop a plan that addresses the issue. Coordinate with the other project
groups to develop a comprehensive presentation that addresses the work of all the project groups. A
professional presentation by the class will be made to the owner’s group at the end of the semester.

Small Project/Charrette — “Integrating Energy Management into the Organization Culture”

In addition to the Group and Individual project, a Small Project/Charrette, will be held. This is an actual
Charrette to assist a client. A summary of the Charrette findings will be presented by the class to the
client several weeks following the Charrette. It will be essential to be present for the Charrette.
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CON 571 Facility Planning and Management — Fall

2010 Course Outline
Monday 4:00 — 6:45 PM

August 23
f Instructor, Student, Course Introduction
f Facility Management Discussion
f Class Assignments
o0 Individual Research
o Small Group Project (SGP)
o0 Large Group Project (LGP)

August 30*
f Tour — Class meets for LGP Site Tour
o0 Discuss LGP Assignments
f Select Individual Research Project

September 6
f LaborDay—No Class

September 13

Sustainability & Integrated Building
Review of LEED EB O&M

Select LGP Project Teams

LGP Team work session

Individual Research — Review and Support

~—h Y~k —h —H —H

September 20
f Sustainable Management Systems
f LGP Team work session
f Individual Research — Review and Support

September 27*
f Tour - Class Meets at PSD Operations Center — 2445 La Porte Avenue
o Facility Management within Poudre School District
o Dinner Served
f LGP Team Work Session

October 4
f Facility Management — Cultural Change
f Individual Research Assignment Presentations Due and Presentations

* Class will meet at another location
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October 11
f Individual Research Assignment Presentations
f LGP Team Work Session

October 18
f Eacility Management at CSU
f Small Group Project Review
f LGP Project — Review and Status Report

October 25*
f Small Group Project Charrette
f Class meets at Kinard Middle School
f ‘“Integrating Energy Management into the Organization Culture”

November 1*
f Tentative Tour
f LGP Team work session

November 8
f Facility Management - Energy Management
f LGP Team Work Session

November 15
f Facility Management — Retro Commissioning
f LGP Project Wrap-up and Begin Preparation for Final Presentation

November 22
f Ihanksagiving Break — No Class
November 29

f Small Group Charrette Outcome Presentation to Representatives
f LGP Project — Work Session

December 6
f LGP Project Presentation — Internal Review

December 13*
f LGP Project Presentation to Representatives
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2011-2013 CON 571 SYLLABUS

CourseSyllabus-Fall2011- CON571—FACILITIHESE. ANNINGNDMANAGEMENT

Class Time: Thursday — 4:00-6:45PM Looa: 101 Preconstruction Credits: 3
Instructor: Mike Rush

Office:145FacilitiesManagementNorth

OfficeHours:ByAppointment—

Contact:0.49160080,m.567r1011or LindaWhite 4910312

e. mike.rush@colostate.edu

CourseDescription:
Campuglanningand management.Expertisewill be applicablein largeacademicandinstitutional
environmentsaswell asin buildingspecificplanningand management.

CourseObjective:

Toassistgraduatestudentsin securinga skill setthat will be directly applicablein the practiceof
integratedprojectdeliveryand securingwork in anincreasingly}competitiveconstructionindustry. The
classwill be taughtthroughhandson project basedstudyin masterplanning,programmingand
operations. We will developa campusmasterplan, programplansandassociatedridgedocuments.
Thedocumentswill includeintegralbuildingcodeand spatialanalysigo inform conceptualdesignand
costestimating. TheRFP/RF@evelopmentand solicitationprocessaswell ascontractpreparationand
amendmentprocesswill be alsocoveredto better preparestudentsfor Ownerexpectationsn securing
work.

All projectswill be developedwith anunderlyingthread for sustainablenitiativesin the built
environment. We will usethe latesttechnologyand presentationmedia. Theinstructorwill share
formulasfor budgetand schedulemanagemento beginto eliminateprojectuncertaintiesand
shortfalls. A numberof guestspeakersare scheduledo provideadditionalindustryexpertisein the
subjectmaterials. Alignedwith this, studentswill developthe ability to organizeand presentthe
assignmentsand projectsolutionsto the classandinstructor.

Eachstudentwill:

X Beexposedo the componentsof facility managemensuchas:spaceplanninglife safetyand
securitymanagementandbuildingsystemsplanningand management.

x Understandthe major componentsequiredto developa facility managemenplan, perform
existingfacility analysisandintegrate sustainablepracticesinto facility planningand
management.

X Berequiredto work on a projectteamto developa comprehensivdacility plan. Theprojectwill
includespaceutilization plans,buildinglayout, equipmentand furniture plans,andbuilding
energysystemsand materialsschematics.

x Developanunderstandingf the tools andtechniquesof planningand managingacilities,
includingknowledgeof afacilitiesmanagemensoftwareprogram.

Theseskillscanbe utilized to:
X Securework with publicand private sectorclients.
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X Leadthe teamin projectsdevelopedthroughintegratedprojectdeliverymethodsincluding
CM/GCandDesignBuild.

x Developcharrettebasedprojects,utilizinggroupstudyandteam basedmethodologies.

X Manageownerand/or clientexpectationsand deliversuccessfuprojects.

X Manageand operatecomplexsustainabldacilitiesand/or overallcomplexer campuses.

GradingCriteria:

Classandteam participation:25 pts
Presentatiorof courseprojects:25pts
Assignmentsb0pts

LateWork and AttendancePolicy:

Attendancewill be monitored. Asathree credithour classthat meetsonceaweekthroughthe
semester attendanceat eachclasss essentialind with the extentof interrelated,handson, in class
teamwork, missingthe materialpresentedin any classwill makeit extremelydifficult to keepup with
the subsequentoursework. While missingany classs certainlynot recommendedit isunderstood
that occasionallycircumstancegomeup that are beyondour direct control. Asaresult,the following
absenteepolicyhasbeendeveloped:

OneAbsenceb5 pts will be deductedfrom the classandteam participationgradingcriteria.
TwoAbsencesFinalGradewill be adjusteddownwardoneletter grade.
ThreeAbsencesFinalGradewill be adjusteddownwardtwo letter grades.

LateWork:
Assignmentareto be postedto RAMCTasdelineatedin this syllabus.Foreachdaylate, 1 pt will be
deductedfrom the assignedscore. Threedayslate andthe assignmenwill not be graded.

Materials:
x Havein handby Septemberl, 2011
18" wide roll of trace paper,akaBumWad,akaOnionSkin(white or yellow)
Sharpemarkers thickandthin (Blue,Blackand Red)
Architectand Engineeringscales

Facilities:

Agreatdealof work will be completedin the PreconstructiorCenterRoom101. Laterin the semester;
the computerlab, PreconstructiorCenterroom 200, will alsobe utilizedin the course.

Usingthe campusitself for the masterplanning/programmingexercisesiswell asmonitoringthe
currentconstructionprojectsfor the field reportsanddiscussioriopicswill be essentiain completing
the assignments.

x Downloadinghe mostcurrenttrail versionsof Googlesketchup and AutoDeskRevitto
personalcomputersmaybe of benefitbut is not required.
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Assignments50pts:

x DiscussioPapers-10pts(your 10 bestscoringpaperswill be averaged)
FieldReports X0pts(your10bestscoringreportswill be averaged)
MasterPlansolution 5pts
AbbreviatedProgramPlan— 5pts
AbbreviatedProjectSchedule-5pts
RFQ/RFBevelopmentandresponse- 5pts
ConceptuaRevitModel and Navigation- 5pts
ConceptuaRevitModel PDRPrint—5pts

X X X X X X X

Presentations 25pts:
X MasterPlanPresentation 10pts
x ProgramPlanPresentation- 10 pts
X BIMPresentationOnScreen)-5pts

CourseOutline, Presentationand AssignmeniSchedule

August25:
X Welcome Introductionsand paststudentexperience- usedatain assigningeams
InstructorsResearchnterests— BIMasateachingtool.
ReviewCourseSyllabus
DetermineFieldReportAssignments- HandOut Suggestedrormat
CSWasterPlanningo accommodate35,000students
0 Next4 classsessions- sectionaccumulatesn final team presentation.
o Distributepreliminaryanalysisof additionalfacilitiesrequiredto accommodatean
additional10,000students
X AssignTeams
X Tourof the recentlycompletedcampusbuildingsand buildingscurrently underconstruction
o Discussustainabléanitiativesin the completedprojectson site.
Assignments- (Letsall useCalibril1pt for the papers).
DiscussiorPapersDrafta one pagereport with your thoughtson the subjectmatter beingpresentedin
preparationfor the subsequentlassdiscussion.

X X X X

x DiscussiorPaperl —Onepagesummaryof the BuildingTour, note sustainable
features, material qualities, building placementin overall campuscontext, etc asit
relatesto planning,designand construction.

FieldReports: Throughoutthe course,completeweeklyfield reports on the buildingsin progresson
CSUmaincampusLimitedin format to chartprogressand askquestionsto be addressed/discusseid
selectedclassesThedesignwork andelectronicschedulingand sequencinglocumentationwill be
madeavailablevia RAMCTfor studentsto trackactualprogress/derivationin weeklyfield reports.

ABuildinginformation Modeling(BIM)constructionscheduleanimationfile will be availablefor the

ParmeleeRevitalizatiorproject. | mayalsohavethe samefor the Engineerindl projectlater in the
semester.
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Thefollowing on campusbuildingprojectsare currentlyavailablefor study:the ParmeleeResidentHall
Revitalizationthe Engineerindl Building,TheAlderHallAddition, TheMorganLibraryRevitalization-
StudyCubeAddition, TheLoryStudentCenterTheaterRevitalization- North PrefunctionSpaceAddition
and North Wall modifications. Instructorwill handput suggestedormat in the first class.

x DevelopFieldReportl for a current constructionproject asdeterminedin class

IMPORTANTObservationwvill belimited to thosethat canbe madefrom beyondthe construction
fence. Donot attempt to gainaccesgo the constructionsites. Studentscancertainlymonitor morethan
oneprojectat their discretionbut accesswill be limited to alreadyestablishedgublicwaysfor obvious
safetyreasons.

WeeklyAssignmentDue Postto RAMCTno later than Wednesdayat noon prior to eachclass.
Referencalsothe attachedAssignmentchedule.

Septemberl:
x Discussecentlycompletedprojects
X ReviewFieldReports-AddresQuestionsand Discuss
X MasterPlanning-Part1: FacilitiesPlanningn a Universityor Largelnstitutional Environment
o Slidedrom BOGpresentation
o0 Referenc&2004Campudvasterplan
0 PresentCampusSketchtJpFile
0 ReviewOverlayand Design/Planningrocess
X InClassTeamWork— MasterPlanningl: CSWMaster Planningto accommodate85,000students
0 Use+10,000studentspreliminaryanalysigo beginto identify sitesfor development.
x CameronGlossFormerCityPlannerwith the CFGind SeniorPlannerEDAW/ADCOM
o http://www.aecom.com/
0 Presentation- Planningn the Publicand Privatesectors
Assignments:
x DiscussiorPaper2: A one pagereport describingprogressand challengesn developing
master plan solutions—or —a summary/discussiorof industry expert presentation.
x Documentindividual ideasand conceptsin masterplanningto inform team work in next class
x FieldReport2
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SeptembeB:
x Discusghe FieldReportsand DiscussiorPaperdo date
x Discussnasterplanningprogress
X Mr. GinoCampanaDeveloperand OwnerBellisimolnc.:
0 http://www.bellisimo inc.com/
o ADeveloperdPerspectiveon Planning, FindingOpportunitiesand BuildingRelationships
X MasterPlanning Part2

0 Slidesandvideofrom LSG-to showdirectionsite or buildingspecificMaster Plannings
headed- parallelusingBIM and currenttechnologies.

o Discusghe importanceof developingskillsassociatedvith masterplanning
programmingand designasa CMgraduatestudent— parallelwith IntegratedProject
Deliveryand DesigrBuild.

x InClassTeamWork— MasterPlanning2

Assignments:
x DiscussiorPaper3: A one pagereport describingprogressand challengesn developing
masterplan solutions—or —a summary/discussiorof the industry expert presentation.
x Continuewith individual conceptsin masterplanningto inform team work in next class
x FieldReport3

Septemberl5:
x Discusghe FieldReportsand DiscussiorPaperdo date
X Thecharrettebasedprocess
0 http://www.fm.colostate.edu/character/

0 The CSU Design Review Committee

X Sustainable sitera building planning
o Building orientation, parking maximumgedestrian and bike circulation
0 Use USGBC LEED Checklist in dewgling master planning strategies

x Carol J. Dollard, P.E., LEED AP,Enmpr Engineer, Facilities Management, CSU
o http://www.green.colostate.edu/
0 www.fm.colostate.edu/sustain
0 Sustainable initiatives iRlanning and Practice @CSU

X In Class Team Work — Master Planning 3

Assignments:

x DiscussiorPaper4: A one pagereport describingprogressand challengesn developing
masterplan solutionsrelate to sustainableinitiatives —or —a summary/discussiorof the
industry expert presentation.

x Continuewith individual conceptsin masterplanningto inform team work in next class

x FieldReport4
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September22
x Discusshe FieldReportsand DiscussioPaperdo date
X IntegratedProjectDelivery— Asthe ProjectDeliveryLeader
o0 Gainingexperiencewith the procesdo be ableto activelyparticipate.
x ChrisBanter,KiewitConstruction
0 http://www.kiewit.com/
o IntegratedProjectDeliveryin Practice
X InClassTeamWork— MasterPlanning4

Assignments:
x DiscussiorPaper5: A one pagereport describingprogressand challengesn developing
master plan solutions—or —a summary/discussiorof the industry expert presentation.
x Continuewith individual conceptsin masterplanningto inform team work in next class
x FieldReport5

September29
x SteveHultin, P.E. Directorof FacilitiesManagementCSU
o FacilitieOperationaland InfrastructureConsiderationgn Master Planning
o http://www.facilities.colostate.edu/
X InClassTeamWork— MasterPlanning5
0 Prepareteam presentations
Assignments:
x DiscussiorPaper6: A one pagereport describingprogressand challengesn developing
master plan solutions—or —a summary/discussiorof the industry expert presentation.
X PrepareMaster PlanPresentationsand postto RamCT-PowerPointor PDF

October6
X PresentMasterPlans
0 10 d5minuteseachteamincludinginteractiveQ&A
x Developinganabbreviatedproject/ constructionschedulefor executivelevelreview
0 Usedetailedconstructionand sequencingcheduleto deriveimportant milestonesfor
presentation.
Assignments:
x FieldReport6
x Prepareand PostAbbreviatedProjectSchedule

October13

X Programmingdl — IntroduceProgramPlans ConceptPapersaand BridgingDocuments
0 Bridgingdocumentsin integratedprojectdelivery

X SteveBrooks— Principal OzArchitecture
0 http://ozarch.com/
o InternationalMasterPlanningand DesignrCityof KigaliMasterPlan Cityof Kigali

MasterPlan Kigali,RwandaAfrica;PatanHospital:KathmanduNepal

0 Stepsin Developinca ProgramPlan— BridgingDocuments- ConceptuabDesign

X InClassTeamProgramming/Nork Session
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o ldentify buildingfrom your MasterPlanto usein developingthe programming
documents
0 Reviewwith Instructor
Assignments:

x DiscussiorPaper7: A one pagesummaryof the industry expert presentation. Compareand
contrastglobal planninginitiatives with your campusspecificmaster planningand
programmingto date.

x FieldReport7

October20
X OwnerFormulador Scheduleand BudgetManagement
0 Throughthe designprocess
0 Throughthe bid process
o0 Strategicallyworkingthroughthe CMGQContractand Amendments/Allowances
X Programming €Components
0 AbbreviatedProgramPlanningGuidelines
0 CodeAnalysis-planninglevel
f CSWBuildingCodeCompliancdProgram
o CostEstimating-planninglevel
0 SpatialAnalysis- Planningevel
X InClas€rogrammingreamWork Session- 2
0 CompleteProgrammind sessiorcomponentsusinginstructorstemplates
o Discusgormsandsuggesenhancements
Assignments:
x DiscussiorPaper8: A one pagediscussiorof building programmingprogressto date with
issues/questions.
x FieldReport8

October27
X Programming —Components
0 LEEDRChecklist
AestheticGuidelines
Planning_evelSchedules
LifeCycleCosting
IntroducedefineanddiscusBridgingDocumentsn the DesignBuildProcurement
process
0 ReviewConceptuaDesignReport— E2
X InClassTeamProgramming/Nork Sessior- 3
o Discusgormsandsuggesenhancements
o CompleteProgramming and 3 sessiorcomponentsusinginstructorstemplates
0 PreparePresentations
o Discusghe requiredevolutionof the programplanto bridgedocuments
Assignments:
X PrepareProgramPlanPresentationsand postto RamCT- PowerPointor PDF
X FieldReport9

O O oo

November3
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x SteveHultin, P.E. DirectorFacilitiesManagement
FacilitiesOperationsand MaintenanceOverview:
0 Considerationgn BuildingProgramming
0 Theengineerglesignreviewprocess
o0 Establishindongterm infrastructureand ongoingmaintenanceandoperation
considerationsaand costsassociatedvith new facilities
X AbbreviatedProgramPlan-TeamPresentations
0 Slides10-15minuteduration
Assignments:
x DiscussiorPaperl0: A one pagesummaryof the industry expert presentation.
X FieldReport10

Novemberl0

x CSUWstandarddvianual Overview
o0 Referencdo the Officeof the StateArchitects— HighPerformanceBuildingStandards
0 Referencao USGBCEED5oldFacilities
o http://www.facilities.colostate.eduindex.asp?url=construction/home
o http://www.facilities.colostate.edu/index.asp?url=construction/constr_standards
0 ReviewAEContractfor Referenceéo HPBS

X PoudreSchooDistrict rSustainabléesignGuidelines
0 Mike SpearnakDirectorof Planning Designand ConstructionPSD
o0 Usingthe Guidelinego DevelopEnergyEfficientSchools
0 http://psd.k12.co.us/department/planningiesignconstruction
0 http://eweb.psdschools.org/documentlibrary/downloads/Plan _Design _and Constructio

n/Sustainable Design Guidelines 2005.pdf

Assignments:
x DiscussiorPaperll: A one pagesummaryof the industry expert presentation. Compareand

Contrastthe CSUstandardsand PSDTechSpec.
X FieldReportll

Novemberl7
X ReviewTechnicabtandardAnalysisDiscussiorPaperll
x StateProcurementProcesOverview
X ProjectspecificadvertisementiRFP/RFQverview
0 Importanceof askingfor what youwant
o Importancein respondingfollowingthe directions
x BIMOverview—Workingin Revit
X Assignment-work throughtutorialsin REVIT

Assignment:
x DevelopandPostan AdvertisementRFP/RF@om instructorstemplate
X Work through tutorials in REVIT

November24
X NoClass- Thanksgiving

Decemberl
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X ReviewAdvertisementsand DiscussRevit
X ConceptuaBuildingDesign BIM1
0o BIMTechnicalLecture—InLab
0 Usecompletedprogramplan/ bridgingdocumentsto developmassingstudiesfor a
simplebuildingin Revit
0 UseBIMto developconceptuaimassingnodelsfor the programplannedbuilding
o Throughintegrationand shadeanddaylightingstudiesdirectlyintegrate USGBCEED
initiativesthroughthe useof REVIT
o Outcomeisto be ableto navigateandprovideanintroductionto BIMspecifically
addressingt asthe currentindustrystandardfor developingbuildingsthroughthe use
of AutoDeslkREVIT
0 3classsessions
Assignment:
x DiscussiorPaperl2: A one pagesummaryof questionsand concernsin usingREVITbasedon
the initial class.
X Work on MassingStudiesin Revit
x FieldReport12—ThelLastOne!

Decembei8
x ConceptuaBuildingDesign BIM2
o Continuework on conceptuaimodel
0o HandsOn-OnScreerw/ Instructor
Assignment:
x DiscussiorPaperl3: A one pagesummaryof questionsand concernsin usingREVITasedon
the two classes.
X Work on MassingStudiesin Revit

Decembern5
x ConceptuaBuildingDesign BIM3
X PresentConcepton Screerand Demonstratecapacityto navigatein REVIT
x Distribute BIM Surveyand Clas€valuations

Assignment:
x DiscussiorPaperl4: A one pagesummaryof questionsand concernsin usingREVITbasedon
the three classes.
x Completeand post BIM Surveyand Class€valuations
X Havea GreatBreak!

Coursematerials— Will be Postedor Linksprovided @ RAMCTprior to subjectinstruction
FacilitiesMasterPlanAnalysidor 10,000additionalstudents

Braidenand Parmeleesequencingand schedulingBlM animationfile
CSWasterPlanand BOGslides

Housingand DiningServicedMasterPlan

CSUstandardsvianual

PSDrTechnicaBpecifications- SustainabléesignGuidelines

ProgramPlans/ BridgeDocuments

AbbreviatedScheduleexamples

X X X X X X X X
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X X X X X X X X

Excerptdrom 2009IBC

Planning_evelCodeAnalysidorm

StateBuildingsExhibitK— CSWBuildingCodeCompliancd’rogram
ConceptuaDesignReport— Engineeringdl

AcademicVillageNorth — ProgramPlanand ConceptuaDesign
LoryStudentCenterMasterPlan

Stateof Colorado €ontracts

Stateof Colorado- Officeof the StateArchitectPoliciesand Procedures- Example
RFQ/RFP’s
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CON 571 Fall 2011 Assignment List

Date Assigned | Assignment Date Dueby Noon
25Aug DiscussioriPaperl 31Aug
16Sep DiscussioriPaper2 7 5ep
1Sep MasterPlan rindividualldeasandConcepts | 7 Sep
16Sep FieldReport2 7 5ep
8 Sep DiscussioriPaper3 14 Sep
8 Bep MasterPlan rindividualldeasandConcepts | 14 Sep
8 Bep FieldReport3 14 5ep
156ep DiscussioriPaper4 21 65ep
156ep MasterPlan rindividualldeasandConcepts | 21 Sep
156ep FieldReport4 216ep
22 5ep DiscussioriPaperb 28 5ep
22 5ep MasterPlan rindividualldeasandConcepts | 28 5ep
22 5ep FieldReport5 28 5ep
295ep DiscussioriPaper6 50ct
295ep PrepareMasterPlanPresentations 50ct
6 Oct FieldReport6 12 Oct
6 Oct AbbreviatedProjectSchedule 12 Oct
130ct DiscussioriPaper7 190ct
130ct FieldReport7 19 Oct
20 Oct DiscussioriPaper8 26 Oct
200ct FieldReport8 26 Oct
27 0ct PrepareProgramPlanPresentations 2 Nov
27 Oct FieldReport9 2 Nov
3 Nov DiscussioriPaperl0 9 Nov
3 Nov FieldReport10 9 Nov
10 Nov DiscussioriPaperll 16 Nov
10 Nov FieldReportll 16 Nov
17 Nov AdvertisemeniRFP/RFQ NovB1l
17 Nov Work ThroughTutorialsin REVIT NovB1
NOCLASSIOVEMBER4 THANKSGIVING
1 Dec DiscussioriPaperl2 7 Dec
1Dec Workon MassingStudiesn REVIT 7 Dec
1 Dec FieldReportl2 rTheLastOne! 7 Dec
8 Dec DiscussioriPaperl3 14 Dec
8 Dec Workon MassingStudiesn REVIT 14 Dec
15Dec CompleteClas$£valuations 15Dec—Need
beforeyouleave.
15Dec DiscussioriPaperl4 18 Dec
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2014-2016 CON 571 SYLLABUS

CourseSyllabus- CON6 71— FACILITIBES. ANNINGNDMANAGEMENT

8/7/2014

Updated11/20/2014

Class Time: Wednesday — 4:00-6:45PM  cabon: 101 Preconstruction Credits: 3
Instructor:Mike Rush AIA,ICC

Office:145FacilitiedvlanagementNorth

OfficeHours:ByAppointment—

Contact:0.4910080,m.567r1011or LindsayBrown970.491.0020

e. mike.rush@colostate.edu

CourseDescription:
Campugplanningand management.Expertisewill be applicablein largeacademiandinstitutional
environmentsaswell asin buildingspecificplanningand management.

CourseObjective:

Toassistgraduatestudentsin securinga skillsetthat will be directly applicablein the practiceof
integratedprojectdeliveryand securingwork in anincreasingly}competitiveconstructionindustry. The
classwill be taughtthroughhandson projectbasedstudyin masterplanning,programmingand
operations. We will developa campusmasterplan, programplansandassociatedRFP/RF@ocuments.
Wewill integratebuildingcodeand spatialanalysido inform conceptualdesignand costestimating.
TheRFP/RF@evelopmentandsolicitationprocessaswell ascontractpreparationandamendment
processwill be alsocoveredto better preparestudentsfor Ownerexpectationsn securingwork.

All projectswill be developedwith anunderlyingthread for sustainablénitiativesin the built
environment. We will usethe latesttechnologyand presentationmedia. Theinstructorwill share
formulasfor budgetand schedulemanagemento beginto eliminateprojectuncertaintiesand
shortfalls. A numberof guestspeakersare scheduledo provideadditionalindustryexpertisein the
subjectmaterials. Alignedwith this, studentswill developthe ability to organizeand presentthe
assignments&nd project solutionsto the classandinstructor.

Eachstudentwill:

X Beexposedo the developmentcomponentsof facility managemensuchas:procurement
proceduresspaceplanninglife safetyandregulatorymanagementBuildingsystem
infrastructureplanningand operationsmanagemenwvill alsobe discussed.

x Understandthe major componentsrequiredto developa facility planningdocuments perform
existingfacility analysisandintegrate sustainablepracticesinto facility planningand
management.

X Berequiredto work on a projectteamto developa comprehensivdacility plan. Theprojectwill
includespaceutilization plans,buildinglayout, equipmentandfurniture plans,andbuilding
energysystemsand materialsschematics.

x Developanunderstandingof the tools andtechniquesof planningand developingfacilities,
includingthe useof BIMthroughout the course

Theseskillscanbe utilized to:
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X Securework with publicand private sectorclients.

X Leadthe teamin projectsdevelopedthroughintegratedprojectdeliverymethodsincluding
CM/GCandDesignBuild.

x Developcharrettebasedprojects,utilizinggroupstudyandteam basedmethodologies.

X Manageownerand/or clientexpectationsanddeliversuccessfuprojects.

X Manageandoperatecomplexsustainabldacilitiesand/or overallcomplexesr campuses.

GradingCriteria:

Classandteam participation: 20 pts
Presentatiorof courseprojects:30pts
Assignmentsb0pts

LateWork and AttendancePolicy:

Thisis experientiallearning,a handson class. Attendancehasneverbeenanissuebut attendancewill
be monitored. Asathree credithour classhat meetsonceaweekthroughthe semesterattendanceat
eachclasss essentiabndwith the extentof interrelated, handspon, in classseamwork, missingthe
materialpresentedin anyclasswill makeit extremelydifficult to keepup with the subsequent
coursework. While missingany clasdss certainlynot recommendedit is understoodthat occasionally,
circumstancegomeup that are beyondour direct control. Asaresult,the followingabsenteepolicy
hasbeendeveloped:

OneAbsenceDependingon circumstanceNo more than 5 pts will be deductedfrom the classandteam
participationgradingcriteria.

TwoAbsences:Additionaldeductiveadjustmentin grading

ThreeAbsencesFinalGrademaybe adjusteddownwardone letter grade.

LateWork:
Assignmentareto be postedto RAMCTasdelineatedin this syllabus.Foreachdaylate, 1 pt will be
deductedfrom the assignedscore. Threedayslate andthe assignmentill not be graded.

Materials:

**Have in hand by September3, 2013

18" wideroll of trace paper,akaBumWad,akaOnionSkin(white or yellow)

Sharpemarkers thickandthin (Blue,Blackand Red)

Architectand Engineeringscales

Text:A PatternLanguageByChristopherAlexanderlSBN9780 1.9 6019198

Downloadthe mostcurrenttrail versionsof AutoDeskRevitto personalcomputerswill be of benefit.

Facilities:

A greatdealof work will be completedin the PreconstructiorCenterRoom101. Thecomputerlab,
PreconstructiorCenterroom 200, will alsobe utilizedin the course.

Usingthe campustself for the masterplanning,programmingesearchand exerciseaswell as
monitoringthe currentconstructionprojectsfor the field reportsanddiscussiortopicswill be essential
in completingthe assignments.

Classand TeamParticipation, 20pts:
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Preparedo inform productivediscussiorandwork sessions.
Developsnaterialbetweenclassedo helpinform teamworkduringclass.
Assetand obviouscontributor to the teamandclass.
Engagedluringpresentationsn/ compellinginquiry ( questions).
Offersideasfor continuedcourseimprovementalignedwith industryexpectations.
ParticipationPointswill alsobe definedby:
0 Unplannedbetweenclassassignmentshat materializeasaresultof progress
discussion.Theseaskswill include:
f Definitions,MasterPlanResearchProgramPlanResearchand BIM Researctio
helpinform solutionsand process.

X X X X X X

Assignments50pts:

x DiscussiorPapers-5pts (your5 bestscoringpaperswill be averaged)
FieldReports 35pts(your5 bestscoringreportswill be averaged)
MasterPlanSolution XOpts
AbbreviatedProgramPlan— 10pts
ConceptuaBuildingDesign 10pts
BIMImplementationin Assignments210pts
** All assignmentgpostedto Blackboardby noon Tuesdayprior to class.

X X X X X X

Presentations 30pts:
X MasterPlanPresentation I0pts
x ProgramPlanPresentation- 10 pts
x BIMImplementationPresentationFinalExam)- 10pts

CourseOutline, Presentationand AssignmentSchedule

August27 (Sessior):
X Welcome Introductionsand paststudentexperiencefresearchinterests—

Exciting,BreakingNews!

Thisyearwe will be fully deployingBIM in our assignments.Someof the presentationshavebeen
abbreviatedand discussiortime reallocatedto accommodatein classwork directly in REVIThrough
the masterplanning,programmingand conceptualbuilding designprocess

Noworries here. We haveintroduced BIM at the end of the CON571 classfor the last4 yearsand
haven'tleft anyonebehind. Reviewshavebeengood.

Why?—- Technologys....... Competitivedge...Criticalthinking.....AddedEfficiencies.....Aeaching
Tool

X InstructorsResearchnterests—

o BuildinginformationModeling(BIM)asateachingtool.

0 Trackingatypicalconstructionprojectsandillustratingchallengeskolutions

0 Studyof facilitiesdevelopedin the mid centurymodernaesthetic1950's— 1960’s
0 Studyof buildingcodecomplianceproceduresfor sameperiod.
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0 Backgroundandcurrentposition
Reviewstudentexperienceandgoalsfor the class
Theability to activelyparticipatein designand planningactivitiesto better preparefor
integratedproject delivery— Who leadsthe team?Whatdo you do asbuildingindustry
professionals?
ReviewCourseSyllabus- Weeklyassignments:

o0 Clearlyrecordobjectivesof the course

o DiscussiorPapers Draftaone pagereport with yourthoughtson the classmaterials
assignmentsreadingsall weavedtogetherinto an executivesummary.Thediscussion
papershavesuccessfullpromoted classdiscussiorweekto weekandhelp me gainan
understandingof potential challengesand opportunitiesassociatedvith the material.
Theintent isto practicedevelopingshort, concise,‘executivesummary”type writing
skillswith anintroduction sentenceand concludingsentence. Tellthem what you are
goingto tell them, tell them andtell them what youtold them”. Theintentisto help
you developingthe ability to haveyour work surfaceand gainattention in anageof
information overload(AKAbullet point writing).

o FieldReports:Throughoutthe course,completeweeklyconstructionobservation‘field
reports” on the buildingsin progresson CSUnain campus Limitedin format, to simply
observe chartprogressandaskquestionsto be addressed/discusseid selectedclasses.
Thedesignwork and schedulingand sequencinglocumentationwill be madeavailable
uponon blackboardfor studentsto trackactualprogress/derivatiorin weeklyfield
reports.

f Thefollowingon campusbuildingprojectsare currentlyunder constructionon
maincampus:
X TheLoryStudentCenterRevitalization remainingsite work andsome
interior finishremain),ScheduleccompletionOctober2014.
x Healthand Exercisescienceg\ddition on the north sideof Moby “B”
Wing
x EddyHallRevitalization

f IMPORTANTObservationsvill belimited to thosethat canbe madefrom
beyondthe constructionfence. Donot attempt to gainaccesso the
constructionsites. Studentscancertainlymonitor morethan one projectat their
discretionbut accesswill belimited to alreadyestablishedublicwaysfor
obvioussafetyreasons.

DetermineFieldReportAssignments- HandOut Suggestedrormat
CSWasterPlanningo accommodate35,000students
0 Next5 classsessions-sectionaccumulatesn final team presentation.
o Distributepreliminaryanalysisof additionalfacilitiesrequiredto accommodatean
additional10,000students
AssignTeams- Discusgontinuity throughthe semester..Teamingand collaboration thisis the
waywe work today.
Discusoursereferencetext —

Author Alexander, Christopher.
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Title A Pattern Language : Towns,Buildings, Construction / Christopher Alexander, Sara Ishikawa,
Murra y Silverstein, with Max Jacobson, Igrid Fiksdahl-Kin g, Shlomo Argel.

Publisher . .
New York : Oxford University Press, 1977.

ISBN: 9780496019198

X MasterPlanningPart1: Tourof maincampusto inform masterplanningactivities.
o0 WEARCOMFORTABMEALKINGHOESBringrain gearif it appearsnecessary
o We'llreviewanddiscusghe recentlycompletedcampusbuildingsandbuildings
currentlyunderconstruction
Discussustainabldnitiativesin the completedprojectson site.
Discusgurrentcampusplanning
Carefullydefinebuildable,non buildableareas
Handout Main Campu<xistingConditionsand Master PlanMaps

O O oo

WeeklyAssignmentDue Postto BlackBoardno later than Tuesdayat noon prior to eachclass.
Referencealsothe attachedAssignmentchedule.

August27 AssignmentgDue September2) —

x Researctandfind examplesof masterplansfrom other universitiesandtry to determine process
in developing—updating. Site Sourcesand be preparedto sharefindingsnext class.

X ReadAPLIntroduction and Pagesl ©1

x DiscussiorPaperl: Oneto two pagesummaryof the Main CampusTour, may note sustainable
features, material qualities, building placementin overall campuscontext, etc asit relatesto
planning,designand construction.Weaveinto the discussiornyour thoughts on the APLreading,
masterplan researchfindings, anticipated classchallengesppportunities.... perhaps,how you
might utilize the text in your master planning.

x FieldReport1 for a current constructionproject asdeterminedin class.

September3 (Sessior?):

Fullydeploy BIMin our assignments.work directly in REVIThrough the masterplanning,
programmingand conceptualdesignprocess

TheSortingHardHat Will Determine Teams
Why?— Updatefrom previousdiscussion-Whatis experientiallearning?
AdministerPreCourseSurveys- TalkaboutResearch

Presentation- ColoradoStateUniversityMaster Plan— Historyand Evolution.

0 StudentsPresentand DiscusdMasterPlanningResearchrindings
X Reviewthe discussiorpapers
X ReviewFieldReports-AddresQuestionsand Discuss

X MasterPlanning- Part2: FacilitiesPlanningn a Universityor Largelnstitutional Environment
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Slidesrom BOGpresentation
Reference2004CampudMasterplanr
Lookat SouthCampudMasterPlan
PresentCampusSketchtJp File— Talkaboutthe useof BIM, Revit.
f CanREVIDe usedin initial planning,logisticsand site sequencing?
f ReviewBuildinginformation Modeling(BIM)virtual constructionschedule
(animationfiles)for Parmeleeandthe LaurelVillage projects.

O O oo

0 ReviewOverlayandDesign/Planning’rocess- RidgeGatd’rocess
f Discusshe useof scaleandfloor plate extrusionto generateactualbuilding
areasfor site planrepresentation Howdo we do thisin REVIT.
0 Thesecretisto work backandforth betweenhandsketchingandthe computer.
0 Discus®APL1 B2
0 Whatisthe SouthCampus?Shouldwe callit Main CampusSouth?

X In ClassTeamWork— MasterPlanning?2: CSWMaster Planningo accommodate35,000students
0 Use+10,000studentspreliminaryanalysigo beginto identify sitesfor development.
o0 Workw/ instructorreviewprogressn class.
o Startinitial investigationof REVITn Planning- OnScreen.

AssighmentgSeptember9):
x Continueto researchother campusmasterplanning.Do other Universitieshave BIM
standards?
0 Preparea brief overviewto presentnext classw/ findings.
X ReadAPL:Page92220
x ExploreRevit=Reviewinitial Investigation—
x DiscussiorPaper2:
o0 Aone pagereport describingperceivedstrategiesin developingmasterplan solutions
with a summary/discussiorof classone andinitial plansfor developingyou solution.
0 Weavein applicablethoughtsfrom your study of APA Initial exposureto REVITother
campusmasterplans.
x Documentindividual ideasand conceptsin masterplanningto inform team work in next class
o0 Outof classinitial sketchingand planningwork to preparefor productive team work
(Doesnot needto be turned in on Blackboard pleasejust bring to classWednesday)
x FieldReport2

Septemberl0 (SessiorB):
x Discusghe FieldReportsand DiscussiorPaperdo date
x Briefpresentationof researchfindings— Master Plansat other Universitiesgt al. Discussnaster
planningprogress
x Discus#PLreadingto datew/ applicableconceptreview.

Presentation TheCollegeof BusinesdlasterPlan
0 Developedaroadmapto helpinform developmentefforts longterm.

X MasterPlanning Part3
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o0 Slidesandvideofrom LSG-to showdirectionon wherebuildingspecificMaster
Plannings headed- parallelusingBIM and currenttechnologies.
o LaurelVillage ParmeleeandBradensequencingand schedulingBIManimationfile.
f Howarethesedeveloped?Researctandtell me nextclass

Discussionr- ThelllusivePartiand Thelmportanceof DevelopindPPDskillsfor IPDand DB

In ClassTeamWorkwith Instructor—Master Planning3

AssignmentgDue9/18):
X ReadAPLPages221834
x DiscussiorPaper3: A one pagereport describingprogressand challengesn developing
master plan solutions—or —a summary/discussiorof the industry expert presentation.
X Continuewith individual conceptsin masterplanningto inform team work in next class
x FieldReport3

Septemberl7 (Sessiom):
x Discusghe FieldReportsand DiscussiorPaperdo date
x Teamdo presentprogresson masterplansw/ commentsand questionsfrom class.

PresentationTheCharretteBasedProcess
o http://www.fm.colostate.edu/character/

0 The CSU Internal and Extern@ksign Review Committees

Presentation: State Buildin@delegation- State Procurement
X In Class Team Work — Master Planning 4

AssignmentdDue9/23):
X ReadAPLPages335639

x DiscussiorPaper4: A one or two pagereport describingprogressand challengesn developing
masterplan solutionsrelate to sustainableinitiatives —and/or —a summary/discussiorof the

presentationswith insightful notesfrom your study of APL.
x Continuewith individual conceptsin masterplanningto inform team work in next class
FieldReport4
x Definition of Deconstruction(Composea short paragraphdefinition and submit on
Blackboard)

X

September 24 (Session 5):
x Field Reports and Discussion Paperslate — Have you turned any in?
X
X Sustainable sitera building planning
o Deconstruction in redevelopment initiatives
o Building orientation, parking maximumgedestrian and ke circulation
0 Use USGBC LEED Checklist in dewgling master planning strategies?
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Presentation — Master Planning, Programmirdgj@esigning a remote campus in Todos Santos,
Mexico
x Catchup on previousclasssessionglanswhere materialsexceededime constraints
X InClassTeamWork— MasterPlanning5
o DraftMasterPlanPresentations
0 Prepareteampresentations-reviewformat, contentw/ instructor

AssignmentgDueSeptember30):
x Continuewith individualconceptsin masterplanningto inform teamwork in nextclass
x FieldReport5
X ReadAPLpages539646
x Definitionof Promenaddrom APL

Octoberl (Sessiorb)

PresentationSteveHultin, P.E. ExecutiveDirectorof FacilitiesManagementCSU
o FacilitiesManagementOperationalOverviewand InfrastructureConsiderationgn
MasterPlanning
o http://www.facilities.colostate.edu/
X InClassTeamWork— MasterPlanning 6 — PreparePresentations
x DevelopScheduldor Presentations

AssignmentgDue10/7):
X PrepareMaster PlanPresentationsand postto RamCT—PowerPoint or PDF

October8 (SessiorY)
X PresentMasterPlans
0 1520 minuteseachteamincludinginteractiveQ&A
X Projectteamingandjoint ventures— IntegratedProjectDelivery— CMGGnd DesigrBuild
PRESENTATION: -Using BIM to develop a DB procurement for an AG ED facility.
x Discuss Programming — Why are these doenis are necessary.... Are they? and How
do we deploy BIM here? What better way tarlehow to respond to bridge documents in

an RFP than to prepare some?

x HowTo? Developinganabbreviatedproject/ constructionschedulefor executivelevelreview
0 Usedetailedconstructionandsequencingcheduleto deriveimportant milestonesfor
presentation.
o Executiveupperlevelreview— hit the highpointstry to stayout of the weeds.

AssignmentgDue10/14):
X ReadAPLPage$47i788
x FieldReport6
x DiscussiorPaper6: A one pagereview of Master PlanPresentations.
X Prepareand PostAbbreviatedProjectSchedule
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Octoberl5 (Sessiom):
X BeginProgramPlanning.— YourGuideto Developinga Project.
0 Wheredo youwantto takethis?
Programmingdl — IntroduceProgramPlans ConceptPapersand BridgingDocuments
0 Bridgingdocumentsin integratedprojectdelivery
x PresentationiouBieker,Principal4240architecture
o Programminggconceptualbuildingdesign,integratedprojectdelivery,a“Good
Architect” perspective.
x Distributecomponenttemplatesfor more in depth presentationOctober22 Class.— Reviewin
preparationfor.
X InClassTeamProgramming/Nork Session &
o ldentify buildingfrom your Master Planto usein developingthe programming

X

documents
0 Reviewwith Instructor—Letsgetgoingon screenand ?????
AssignmentgDue10/21):

X Researctandfind examplesof programplansand annualapprovaldocumentsfrom other
universitiesandtry to determine processin developing— updating. Site Sourcesand be
preparedto sharefindingsnext class.

x DiscussiorPaper7: A one pagesummaryof the industry expert presentation. Compareand
contrastglobal planninginitiatives with your campusspecificmasterplanningand
programmingto date.

x FieldReport7

X ReadAPLpages789006

October22 (Sessiom):

Clasgliscussiorof researchindings
PresentationAlanPlummer,CummingsCorporation— CostEstimating
ReviewProgramPlanTemplates- Usethese!

Talkabout BuildingCodeAnalysis- Shallwe studyall the CODES®/hatare the chaptersof
greatestinterestin the 2012IBCfor earlydevelopment?

x  Work Session- Programmingn BIM, Scheduleand Total DevelopmeniCostEstimating

X X X X

AssignmentgDue 10/30):
x DiscussiorPaper8: A one pagediscussiorof building programmingprogressto date with
issues/questions,include APLreadinganalysisand thoughts.
x FieldReport8
X ReadAPLpages907 1005

October29 (Sessiori0):

X Worksession- UsingConceptuaBuildingDesigrto inform Programming? How quicklycanwe
getthere?
x CampusdNalk:Reviewmasterplansolutions,programmingwork to date on site and buildingsas
lanternsin wayfinding. — Howmight this inform buildingplacementorientation?
0 WEARCOMFORTABMEALKINGHOEBNDWARM/WEATHERPPROPRIATE
CLOTHING

105



AssignmentgDue11/4):
x Continuework on programplans.
x FieldReport9
x DiscussiorPaper9: CSUafter dark —walking tour and way finding.
X ReadAPL10054086

Reviewsyllabusfor remainingclasssessions:

November5 (Sessioril)
X ReviewProgramPlanDraftin preparationfor presentations
X Addresgjuestionsandevaluateoverallprogress
X StateProcurementProcesOverview
X ProjectspecificadvertisementiRFP/RFQverview
0 Importanceof askingfor what youwant
o Importancein respondingfollowingthe directions
AssignmentgDue11/11):
X PrepareMSPowerPoint PresentationsPostto RamCTby WednesdayNovemberll @ noon

Novemberl2 (Sessiori?2)

X IndividualProgramPlanPresentationsMSPowerPointSlides30 min eachgroup

X BIMConceptuaBuildingDesigrto inform an RFFRprocess

x StateBuildingsPoliciesand ProcedurefReview

x ConceptuaBuildingDesign- Work Session
AssignmentgDue11/18):

x Takealook at REVIToadedon computersin the 2"floor computerlab preconbuilding.
DiscussiorPaperl0: A one pagesummaryof the programplan presentations
Developand Postan AdvertisementRFP/RF@om instructorstemplate
FieldReport10
FinishReadingAPL \Write report on the text for DP#11

X X X X

Novemberl9 (Sessiori3)
x Discusghe programplanpresentations
X Weavingt all togetherinto a FinalDocument— Shouldwe start againby hand?
X ConceptuaBuildingDesignwWork Session
x ConceptuaBuildingDesign €BD1
0 BIMTechnicaDiscussior-InLab
0 Usecompletedprogramplan/ bridgingdocumentsto developmassingstudiesfor your
buildingin Revit
0 Addsite planning
Reviewyour plansagainstyour codeanalysisadd stairand checkegressoutes

(@]

UseBIMto developconceptualmassingnodelsfor the programplannedbuilding
o Throughintegrationand shadeanddaylightingstudiesdirectlyintegrate USGBCEED
initiativesthroughthe useof REVIT
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o Outcomeisto be ableto navigateand provideanintroductionto BIMspecifically
addressingt asthe currentindustrystandardfor developingouildingsthroughthe use
of AutoDeskREVIT

0 3classsessions

X Preparea brief presentationon how you usedBIMto completethe assignmentsofar.
X Ensureyouhaveturnedin adequateDP’sandFR’s

November26 — No Class- ThanksGivingBreak— Woo Hoo!

AssignmentDue12/2):
x DiscussiorPaperll—anoverall analysisof APL
X FieldReportll
X Bepreparedto put the throttle down aswe wrap up and developyour buildingsin BIM

December3 (Sessiori4):
X ConceptuaBuildingDesign(CPD2} Work Sessionr- Howfar Canwe Get? Whatdo youwant to
focuson?—
0 TargetRichEnvironment
o Discusghe FinalExam-Work LIVE

AssignmentDue12/9):
x DiscussiorPaperl2: A one pagesummaryof questionsand concernsin usingREVITasedon
the initial class.
X Work on MassingStudiesin Revit
x FieldReport12—

Decemberl0 (Sessiorib)
X ConceptuaBuildingDesign €PD3
o Continuework on conceptuaimodel
0o HandsOn-OnScreenw/ Instructor
0 AdministerPostClassSurvey
0 ResumeRreview~ My opinionon how to makeit to the top of the pile.
0 Clas$valuations
AssignmentDuel2/17):
X PreparePresentation— How you implemented BIM through out the course

Decemberl8 (Sessiorl6) rFinalExamSession4:106:10pm
x ConceptuaBuildingDesign BIM3
X Presentation- EachStudentl5MIN—Howyou ImplementedBIM KFINALASSESSMENT
X PresentConcepton Screerand Demonstratecapacityto navigatein REVITF FINAUNDIVIDUAL
ASSESSMENT
x Distributeand CompleteExitBIM Survey

AssignmentDue12/20 by Midnight):
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X Havea GreatBreakand | wish you the very bestasyou makeyour way out into the
constructionindustry or where everyour path leadsyou!

Coursematerials— Will be Postedor Linksprovided @ RAMCTprior to subjectinstruction
FacilitiesMasterPlanAnalysidor 10,000additionalstudents
CSWasterPlanand BOGslides

Housingand DiningServicedMasterPlan

CSUWstandardManual

PSDrechnicaBpecifications- SustainabldesignGuidelines
ProgramPlang BridgeDocuments
AbbreviatedScheduleexamples

Excerptdrom 20091BC

Planning_evelCodeAnalysidorm

StateBuildingsExhibitK— CSWBuildingCodeCompliancd’rogram
ConceptuaDesignReport— Engineeringl

AggieVillageNorth — ProgramPlanand ConceptuaDesign
LoryStudentCenterMasterPlan

Stateof Colorado €ontracts

X X X X X X X X X X X X X X X

Stateof Colorado- Officeof the StateArchitectPoliciesand Procedures- Example
RFQ/RFP’s

Presentationsand Other Materials

X

TheSyllabugor CON571 representsthe planningfor the first yearof full implementationof BIMinto
existingcoursework. Theinstructor cannotpredictthe timing of associatednstructionandthusthe
syllabusshallbe considereda fluid documentthat will evolveto accommodateacceleratioror
decelerationaswe makeour waythroughthe materialand developa understandingof the current
technologyandhow longit takesto becomeacclimatedwith it.
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2017 CON 571 SYLLABUS

CourseSyllabus

July24,2017

UpdatedOctober22,2017

ClassTime:Thursday-4:006:50PM  Location:Precon200— ComputerLab Credits:3
Instructor: Mike Rush AIA,ICCCBO

Office:145FacilitiesManagementNorth

OfficeHours:ByAppointment—

Contact:0.4910080,m.567r1011or LindsayBrown(My Assistant70.491.0020

e. mike.rush@colostate.edu

CourseDescription:
Campusand DevelopmentPlanningand Management. Expertisewill be applicablein largeacademic
andinstitutional environmentsaswell asin buildingspecificplanningand management.

CourseObjective:

Toassistgraduatestudentsin securinga skillsetthat will be directly applicablein the practiceof
integratedprojectdeliveryand securingwork in anincreasingly}competitiveconstructionindustry. The
classstaughtthroughhandson projectbasedstudyin masterplanning,programming puildingdesign
andoperations. We will developa campusmasterplan, programplansand associatedRFP/RFQ
documents. We will integrate buildingcodeand spatialanalysigo inform conceptualdesignand cost
estimating. TheRFP/RF@evelopmentandsolicitationprocessaswell ascontractpreparationandthe
amendmentprocesds coveredto better preparestudentsfor Ownerexpectationsn securingwork.

All projectsare developedwith anunderlyingthreadfor lean,integrated,interdisciplinaryand
sustainablanitiativesin the built environment. We will usethe latesttechnologyand presentation
media.Theinstructorwill shareformulasfor budgetand schedulemanagemento beginto eliminate
projectuncertaintiesand shortfalls.Alignedwith theseobjectives studentswill developthe ability to
organizeand presentthe assignmentsnd project solutionsto the classandinstructor. Overthe lastfew
semestersthe coursehaswovenin afocuson the DesigrBuildLumpSumdeliverymethod and
associategrocurementprocessThisis directly alignedwith currentprojectacquisition,deliveryand
developmentplanningat ColoradoStateUniversity.

Eachstudentwill:

X Beexposedo the developmentcomponentsof facility managemensuchas:procurement
proceduresspaceplanning life safetyandregulatorymanagementBuildingsystem
infrastructureplanningand operationsmanagemenis discussed.

X Understandthe majorcomponentsrequiredto developfacility planningdocuments perform
existingfacility analysisandintegrate sustainablegpracticesinto facility planningand
management.

X Berequiredto work on a projectteamto developa comprehensivdacility plan. Theprojectwill
includespaceutilization plans,buildinglayout, equipmentandfurniture plans,andbuilding
energysystemsand materialsschematics.

x Developanunderstandingf the tools andtechniquesof planningand developingfacilities,
includingthe useof BIMthroughthe duration of the course
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Theseskillsare utilized to:
X Securework with publicand private sectorclients.
X Leadthe teamin projectsdevelopedthroughintegratedprojectdeliverymethodsincluding
CM/GCandDesignBuild.
x Developcharrettebasedprojects,utilizinggroupstudyandteam basedmethodologies.
X Manageownerand/or clientexpectationsanddeliversuccessfuprojects.
X Manageand operatecomplexsustainabldacilitiesand/or overallcomplexesor campuses.

GradingCriteria:

Classandteam participation: 20 pts
Presentatiorof courseprojects:30pts
Assignments50pts

LateWork and AttendancePolicy:

Thisis experientiallearning,a handspn class. Attendancehasneverbeenanissuebut attendancewill
be monitored. Asathree credithour classhat meetsonceaweekthroughthe semesterattendanceat
eachclasdgs essentialindwith the extent of interrelated,handson, in classteamwork, missingthe
materialpresentedin anyclasswill makeit extremelydifficult to keepup with the subsequent
coursework. While missingany classs certainlynot recommendedit is understoodthat occasionally,
circumstancegomeup that are beyondour direct control. Asaresult,the followingabsenteepolicy
hasbeendeveloped:

OneAbsenceDependingon circumstanceno more than 10 pts will be deductedfrom the classand
teamparticipationgradingcriteria.

TwoAbsencesAdditionaldeductiveadjustmentin grading

ThreeAbsencesFinalGrademaybe adjusteddownwardone letter grade.

LateWork:
Assignmentareto be postedto RAMCTasdelineatedin this syllabus.Foreachdaylate, 1 pt will be
deductedfrom the assignedscore. Threedayslate andthe assignmenwill not be graded.

Materials:

**Have in hand by September7, 2017

18" wideroll of trace paper,akaBumWad,akaOnionSkin(white or yellow)

Sharpemarkers thickandthin (Blue,Blackand Red)

Architectand Engineeringscales

Text:A PatternLanguageByChristopherAlexanderlSBN9780 19 6019198

SketchBook—5"x8" +/ ror of equalproportions

Downloadinghe mostcurrenttrail versionsof AutodeskRevitto personalcomputerswill be of benefit.

Facilities:

Thecomputerlabroom 200in the preconstructioncenterand we will leveragethe entire maincampus
in the course.Usingthe campusitself for the masterplanning,programmingand buildingdesignand
constructionresearchaswell asmonitoringthe currentconstructionprojectsfor the field reportsand
discussiortopicswill be essentiain completingthe assignments.
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Class and Team Participation, 20pts:

X Preparedo inform productivediscussiorandwork sessions.
x Developanaterialbetweenclassedo helpinform teamworkduringclass.
X Assetandobviouscontributor to the teamandclass.
x Engagediuringpresentationsv/ compellinginquiry (questions).
x Offersideasfor continuedcourseimprovementalignedwith industryexpectations.
x ParticipationPointswill alsobe definedby:
0 Unplannedbetweenclassassignmentshat materializethrough discussion.Thesetasks
will include:
f Definitions,MasterPlanResearchProgramPlanResearchand BIM Researctio
helpinform solutionsand process.
Assignments50pts:
x DiscussioniPapers-5pts (your5 bestscoringpaperswill be averaged)
x FieldReports Bpts(your5 bestscoringreportswill be averaged)
X MasterPlanSolution A0pts
X AbbreviatedProgramPlan— 10pts
x ConceptuaBuildingDesign X0pts
X BIMImplementationin Assignments40pts
x ** All assignmentpostedto Canvady noon Tuesdayprior to the Thursdayclass.
Presentations 30pts:
X MasterPlanPresentation €0pts
x ProgramPlanPresentation- 10 pts
X BIMImplementationPresentationFinalExam)- 10pts
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2017CourseOutline, Presentationand AssignmentSchedule

August24 (Sessiorl): Welcometo CSU-Welcometo CON571— CourseOverviewand CampusTOUR
X Welcome Introductionsand paststudentexperiencefresearchinterests— TEAMBUILDING-
COLLABORATIMNDCOMPETITION

Why useBIM?— Technologyis atool, a competitive edge,canfoster critical thinking, leadto added
efficiencies,and serveasateachingtool.

X InstructorsResearctand Developmentnterests—

o DesigmBuild—LumpSumprocurementandthe associatedridgingdocument
preparation.

o Buildinginformation Modeling(BIM),especiallyasa developmentand usein teaching
associatednaterials.

o0 Trackingatypicalconstructionprojectsandillustratingchallengeskolutions

o0 Studyof facilitiesdevelopedin the midcenturymodernaesthetic1950’s—1960’s

0 Studyof structuralinnovationsand buildingcodecomplianceproceduresor same
period.

x Mike'sbackgroundandcurrentposition

Reviewstudentexperienceand goalsfor the class

X Theability to activelyparticipatein designand planningactivitiesto better preparefor
integratedproject delivery— Who leadsthe team?Whatdo you do asbuildingindustry
professionals?

X ReviewCourseSyllabus- Weeklyassignments:

o Clearlyrecordobjectivesof the course

o DiscussiorPapers Drafta one pagereport with yourthoughtson the classmaterials
assignmentsreadingsall weavedtogetherinto an executivesummary.Thediscussion
papershavesuccessfullpromoted classdiscussiorweekto weekand help me gainan
understandingpf potential challengesand opportunitiesassociatedvith the material.
Theintent isto practicedevelopingshort, concise,'executivesummary”type writing
skillswith anintroduction sentenceand concludingsentence:Tell them what you are
goingto tell them, tell them and tell them what youtold them”. Theintent isto help
you developingthe ability to haveyour work surfaceand gainattention in anageof
information overload(AKAbullet point writing).

o FieldReports:Throughoutthe course ,completeweeklyconstructionobservation‘field
reports” on the buildingsin progresson CSUmnaincampus Limitedin format, to simply
observe chartprogressandaskquestionsto be addressed/discusseid selectedclasses.
Thedesignwork and schedulingand sequencinglocumentationwill be madeavailable
uponon blackboardfor studentsto track actualprogress/derivatiornin weeklyfield
reports.

x

f Thefollowingon campusbuildingprojectswill be underconstructionon main
campus:

X MichaelSmith Additionto the WarnerCollegeof NaturalResources
0 Immediatelysouthof the WCNRbuilding
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X RichardsobesignCenter

0 Eastof the Stadium- Southof VisualArts
x JBSGlobalFoodinnovationCenter

o Immediatelysouthof the AnimalScience8uilding
X HealthEducationOutreachCenter—

o0 Eastof AnatomyandZoology

f IMPORTANTObservationsvill belimited to thosethat canbe madefrom
beyondthe constructionfence. Donot attempt to gain accesgo the
constructionsites. Studentscancertainlymonitor morethan one projectat
their discretionbut accesswill be limited to alreadyestablishecublicwaysfor
obvioussafetyreasons.

x DetermineFieldReportAssignments- HandOut Suggestedrormat
X EACHROW-IDENTIFXTEAMRESOURUJ®HELPNITHBIM?'S—SITINTHEMIDDLEOFTHE
ROW
X CSWasterPlanningo accommodate35,000students
0 Next5 classsessions- sectionaccumulatesn final team presentation.
o Distributepreliminaryanalysisof additionalfacilitiesrequiredto accommodatean
additional10,000students.
X AssignTeams- Discussontinuity throughthe semester..Teamingand collaboration thisisthe

waywe work today.
x Discusgoursereferencetext —

Author Alexander, Christopher.

Title A Pattern Language : Towns,Buildings, Construction / Christopher Alexander, Sara Ishikawa,
Murra y Silverstein, with Max Jacobson, Igrid Fiksdahl-Kin g, Shlomo Argel.

Publisher . .
New York : Oxford University Press, 1977.

ISBN: 9780196019198

X MasterPlanningPart1: Tourof maincampusto inform masterplanningactivities.
0 Linedrawingexercise.
o0 WEARCOMFORTABMEALKINGHOESBringrain gearif it appearsnecessary
o We'llreviewanddiscusghe recentlycompletedcampusbuildingsandbuildings
currentlyunderconstruction
Discussustainablénitiativesin the completedprojectson site.
Discusgurrentcampusplanning
Carefullydefinebuildable,non buildableareas
o0 Handout Main CampusExistingConditionsand Master PlanMaps
X Returnto PreCor200,attempt login andopenREVIR017 rnmport maincampusbasemap.
Previewof nextclass

O O O

WeeklyAssignmentDue Postto Canvagrior to the next classsession-NTL4:00pm on Thursdays.

August24 Assignments:.—
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X X X X

Researclandfind examplesof masterplansfrom other universitiesandtry to determineprocessn
developing- updating.

ORr
Explainthe Cityof FortCollins €F(lanningprocess

ORr

Developa brief summarythat supportsthe notion of drawingsasa meansto discoveryand more
robustbuildingdesignsolutions Hint: Startresearcharoundright brain/left brain function.Lookat
the work of Dr. lain McGilchrist.

ORr
AEQCrosdollination— TheConcepbf the MasterBuilderrinterdisciplinarystudyasinformedby
BIM, DesigrnBuild,IntegratedProjectDelivery.

INREGARDBOTHEABOVE...Turnnothing in but coordinatewith your classmatego ensurewe can
havea brief but meaningfuldiscussiorabout eachof the abovetopics reOORDINATEITHYOUR
CLASSMATH®ENSURB/ECANHAVEA BRIEBUTMEANINGFUDISCUSSIOANBOUTEACHOFTHE
TOPICS.rr ASIN INDUSTR¥ ALWAY BEPREPARED rrr

ReadAPLUnNtroductionand Pagesl 81

DiscussioPaperl: Oneto two pagesummaryof the Main Campuslour,may note sustainable
features,materialqualities,buildingplacementin overallcampuscontext,etc asit relatesto
planning,designand construction Weaveinto the discussioryourthoughtsonthe APLreading,
masterplanresearcHindings,anticipatedclasschallengesppportunities.. perhaps how youmight
utilizethe text in yourmasterplanning.

August31 (Sessior?): MASTERLANNINGDEVELOPMENPLANNING,OGISTIGH ANNING

Fullydeploy BIMin our assignments.Work directly in REVIThrough the masterplanning,
programming,conceptualdesignand constructiondocumentprocesses.

Why?— Updatefrom previousdiscussion-Whatis experientiallearning?

AdministerPreCourseSurveys- TalkaboutResearch

Presentation- ColoradoStateUniversityMaster Plan— Historyand Evolution.

0 StudentsDiscusdMasterPlanningResearchrindings
X Reviewthe discussiorpapers
X ReviewFieldReports—AddressQuestionsand Discuss

X MasterPlanning- Part2: FacilitiesPlanningn a Universityor Largelnstitutional Environment
o Slidesrom BOGpresentation
0 Referenc&2004CampudMasterplanr
0 Lookat SouthCampudMasterPlan
0 PresentCampusSketchtJp File— Talkaboutthe useof BIM, Revit.
f CanREVIDbe usedin initial planning,logisticsand site sequencing?
f ReviewBuildinginformation Modeling(BIM)virtual constructionschedule
(animationfiles)for Parmeleeandthe LaurelVillageprojects.
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o0 ReviewOverlayand Design/Planningrocess- RidgeGateProcess
f Discusshe useof scaleandfloor plate extrusionto generateactualbuilding
areasfor site planrepresentation Howdo we do thisin REVIT.
0 Thesecretisto work backandforth betweenhandsketchingandthe computer.
0 DiscusAPL1 B2
0 Whatisthe SouthCampus?Shouldwe callit Main CampusSouth?

X InClassTeamWork— MasterPlanning2: CSWMaster Planningto accommodate85,000students
0 Use+8,000student’spreliminaryanalysigo beginto identify sitesfor development.
o Workw/ instructorreviewprogressn class.
o0 Startinitial investigationof REVITnh Planning- OnScreen.

X ReviewFieldReportsandHandOut Form

Assignments:
X Continueo researchother campusmasterplanning.Doother UniversitiehaveBIM standards?
0 Preparea brief overviewto presentnextclassw/ findings.
DefineParti
ReadAPLPage92 220
ExploreRevit=Reviewnitial Investigation-
Discussioraper2:
0 Aonepagereportdescribingperceivedstrategiesin developingmasterplan solutions
with a summary/discussionf classoneand initial plansfor developingyousolution.
0 Weavein applicablethoughtsfrom your studyof APA |nitial exposureo REVIDther
campusmasterplans.
x Documenindividualideasand conceptdn masterplanningto inform teamwork in nextclass
o Outof classnitial sketchingand planningworkto preparefor productiveteam work
(Doesnot needto beturnedin on Canvaspleasegust bringto nextclass
X FieldReportl

X X X X

September7 (SessiorB): MASTERPLANNINGANDPROCUREMENROCESS
x Discusshe FieldReportsand DiscussioPaperdo date
x Briefpresentationof researchindings— MasterPlansat other Universitiesgt al. Discussnaster
planningprogress
x Discus®PLreadingto datew/ applicableconceptreview.

Presentation iTheCollegeof BusinesdvasterPlan
0 Developedaroadmapto helpinform developmentefforts longterm.

X MasterPlanning Part3
o Slidesandvideofrom LSG-to showdirectionon wherebuildingspecificMaster
Plannings headed- parallelusingBIMand currenttechnologies.
o LaurelVillage Parmeleeand BradensequencingandschedulingdIManimationfile.
f Howarethesedeveloped?Researctandtell me nextclass.

Discussior- ThelllusivePartiand Thelmportanceof Developing®?PDskillsfor IPDand DB

115



In ClassTeamWorkwith Instructor—-MasterPlanning3

Assignments:
X ReadAPLPages221834
x DiscussioPaper3: Aonepagereportdescribingprogressand challengesn developingnaster
plan solutions—or —a summary/discussionf the industryexpertpresentation.
x Continuewith individualconceptsn masterplanningto inform teamwork in nextclass
X FieldReport2

Septemberl4 (Sessiom): TheCollaborativeProcessaand State Procurement
x Discusshe FieldReportsand DiscussioPaperdo date
X Teamdo presentprogresson masterplanswith commentsandquestionsfrom class.

PresentationTheCharretteBasedProcess
o http://www.fm.colostate.edu/character/

o0 The CSU Internal and Extern@ksign Review Committees

Presentation: State Buildinfelegation- State Procurement
X In Class Team Work — Master Planning 4

Assignments:

X ReadAPLPages335639

x DiscussioPaper4: Aoneor two pagereportdescribingprogressand challengesn developing
masterplan solutionsrelate to sustainabldnitiatives—and/or—a summary/discussionf the
presentationswith insightfulnotesfrom yourstudyof APL.

X Continuewith individualconceptsn masterplanningto inform teamwork in nextclass

x FieldReport3

x Definitionof DeconstructiofCompose shortparagraphdefinitionand submiton Blackboard)

September 21 (Session 5): - MASTERLANNING AND DEVELOPMENT PROCESS
x Power Point or PDF format for presentations
x Field Reports and Discussion Paperslate — Have you turned any in?
X Sustainable sitera building planning
o Deconstruction in redevelopment initiatives
o Building orientation, parking maximumgedestrian and bike circulation
0 Use USGBC LEED Checklist in dewgling master planning strategies?

Presentation — Master Planning, Programmirgj@esigning a remote campus in Todos Santos,
Mexico AND/OR Eastern and Westebwlorado Research Centers.
X Catchup on previousclasssessiongplanswhere materialsexceededime constraints
x InClassTeamWork— MasterPlanningd
o DraftMasterPlanPresentations
0 Prepareteam presentations-reviewformat, contentw/ instructor

Assignments:
x Continuewith individualconceptin masterplanningto inform teamwork in nextclass
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FieldReport4

ReadAPLpages539646

Definitionof Promenaddrom APL

Discussiompaper—what doesit take to operatea city or university.Condensé¢o 11 bullet points
with introductionsentenceand conclusiorsentence.

X X X X

September28 (Sessior6) MASTERLANNINGNDOPERATIONAUNFRASTRUCTURE
CONSIDERATIONS

Presentation discussion
o FacilitiedvlanagementOperationalOverviewand InfrastructureConsiderations What
Doesit Taketo Runa University?
o Existingouildings—RevitalizatiorLessond.earned
f Whatisthe mostsustainabléuildingprojectanyway?
X In ClassTeamWork— MasterPlanningg — PreparePresentations
x DevelopScheduldor Presentations

Assignments:
X PrepareMasterPlanPresentationgnd postto Canvas- PowerPointor PDF

October5 (Sessiorv) —MASTERLANNINGRESENTATIONNDNOTES OINFORMNEXTPROJECT
X PresentMasterPlans
0 15P0minuteseachteamincludinginteractiveQ&A

X Projectteamingandjoint ventures— LeanConstruction mtegratedProjectDeliveryand Design
Build

INSTRUCTOR PRESENTATION: -6ing BIM to develop a DBrocurement for the last

round of significant projects.

x Discuss Programming — Why are these dosntsiare necessary.... Are they? and How
do we deploy BIM here? Learn how to respond to bridging documents in an RFP by
preparing a portion of theF®. Review the design-build lump sum RFP for several

projects.

x HowTo? Developinganabbreviatedproject/ constructionschedulefor executivelevelreview
0 Usedetailedconstructionandsequencingcheduleto deriveimportant milestonesfor
presentation.
o0 Executiveupperlevelreview— hit the highpoints rtry to stayout of the weeds.

Assignments:
X ReadAPLPage$47788
FieldReport5
Discussioffaperé: Aone pagereviewof MasterPlanPresentations.
Prepareand PostAbbreviatedProjectSchedule
Identifya buildingfrom your masterplanfor programmingand be preparedto discussvhy you
want to developit further

xX X X X

October12 (SessiorB): BuildingProgrammingand ConceptuaDesign
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X BeginProgramPlanning.— YourGuideto Developinga Project.
0 Wheredo youwantto takethis?
X Programmindl — IntroduceProgramPlans ConceptPapersaand BridgingDocuments
o Bridgingdocumentsin integratedprojectdelivery
X IndustryPartner
o Programminggconceptualbuildingdesign,integratedprojectdelivery,a“Good
Architect” perspective.
x Distributecomponenttemplatesfor more in depth presentationOctober22 Class.— Reviewin
preparationfor.
X InClassTeamProgramming/Nork Session &
o Identify buildingfrom your MasterPlanto usein developingthe programming
documents
0 Reviewwith Instructor— Let'sget goingon screen

Assignments:

X Researclandfind examplesof programplansand annualapprovaldocumentsrom other
universitiesandtry to determineprocessn developing- updating.SiteSources?and be
preparedto sharefindingsnextclass.

x DiscussiofPaper7: Aone pagesummaryof the presentation Compareand contrastglobal
planninginitiativeswith your campusspecifiomasterplanningand programmingto date.

X FieldReport6

X ReadAPLpages789006

October19 (Sessiof): ConceptualCostEstimating,AbbreviatedScheduling- TAKE2, CodeAnalysis
Clasgliscussiorof researchindings

PotentiallndustryPartnerPresentationCostEstimating

ReviewProgramPlanTemplates- Usethese!

Talkabout BuildingCodeAnalysis- Shallwe studyall the CODES®/hatare the chaptersof
greatestinterestin the 2012IBCfor earlydevelopment?

Work Sessior- Programmingn BIM, Scheduleand TotalDevelopmentCostEstimating

X Updatesyllabusor remainingclasssessiongrom Octoberl2 discussion

X X X X

x

Assignments:
x DiscussioPaper8: Aone pagediscussiorf buildingprogrammingprogresgo date with issues/
guestionsjncludeAPLreadinganalysisandthoughts.Tellme how youare doingwith BIM
x FieldReport7
X ReadAPLpages907 1005

October26 (Sessiorl0): ProgramPlansand ConceptuaBuildingDesign— CatchUp

X Worksession- UsingConceptuaBuildingDesigrnto inform Programming?How quicklycanwe

getthere?
X Isthis workingbackwardsor strategically?

Assignments:
X Continuework on programplans.
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x FieldReport8
x DiscussiofPaper9: Reflecton BIMand associatedliscoverieand challenges
X ReadAPL10054086

Reviewsyllabusfor remainingclasssessions:

November2 (Sessiorl1): CampusNalk and ContinueConceptuaDesignand Programmingwork

x CampusNalk:Reviewmasterplansolutions,programmingwork to date on site and“buildings
aslanterns”. —Howmight this inform buildingplacement orientation, and buildingentry
articulation?

X X X X

Assignments:

X

X
X
X

(0]

WEARCOMFORTABMALKINGHOEBNDWARM/WEATHERPPROPRIATE
CLOTHING

ReviewProgramPlanConceptuaDesignwork
Addresgyuestionsand evaluateoverallprogress
StateDBLSProcurementProcesOverview
ProjectspecificadvertisementRFP/RFQverview

0]
0

Importanceof askingfor what youwant
Importancein responding following the directions

Discussioffaperl0: A one pagesummaryof the programplan presentations
Developand Postan AdvertisemenRFP/RF@om instructor'stemplate
FieldReport9

FinishReadingAPL Write reportonthe text for DP#11

November9 (Sessiorl2): BIMWork Sessiorin Preparationfor ProgramPlanPreentations

X ConceptuaBuildingtowardsRFRowards ConstructionrDocument—Work Session

Assignments:

x PrepareMSPowerPointPresentations Bringto nextclass— Hardcopyof presentationusb
thumb drive of all electronicfiles

Novemberl6 (Sessiorl3)—ProgramPlan— ConceptuaBuildingDesignPresentations BIM and

ConceptuaBuildingDesignand Parametric(s)

X

X
X
X

Programplan— conceptualBuildingdesignPresentations

Weavingit all togetherinto a FinalDocument— Shouldwe start againby hand?
BuildingDesign RFP-ConstructionrDocumentWork Session
BuildingDesign BD1

0]
0)

(0]

o

BIM TechnicaDiscussior-In Lab

Usecompletedprogramplan/ bridgingdocumentsto developmore detailedstudiesfor
your buildingin Revit

Addsite planning

Reviewyour plansagainstyour codeanalysisadd stairand checkegressoutes
UseBIMto developconceptualmassingmodelsfor the programplannedbuilding
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o Throughintegrationandshadeanddaylightingstudiesdirectlyintegrate USGBCEED
initiativesthroughthe useof REVIT

o Outcomeisto be ableto useBIMto solveproblemsin future assignments

0 3classsessions

X Preparea brief presentationon how you usedBIMto completethe assignmentsofar.
X Ensureyouhaveturnedin adequateDP’sandFR’s

Assignment:
x DiscussiofPaperll—anoverallanalysisof APL
x FieldReport10
X Bepreparedto “put the throttle down” aswe wrap up and developyour buildingsin BIM

November23—No Class- ThanksGivingBreak—Woo Hoo!

November30(Sessiorl4): BIM and BuildingDesign-Understandingthis Powerful Tool
x BuildingDesign(BD2)}- Work Sessionr- Howfar CanWe Get? Whatdo youwant to focuson?—
0 TargetRichEnvironment
o0 Discusshe FinalExam-WorkLIVE

Assignment:

X PreparePresentation- IndividualOn Screerwith Instructor HowyouimplementedBIM
throughoutthe course

x DiscussioPaperl2: Aone pagesummaryof questionsand concernsn usingREVIbasedon the
initial class.

X Workon MassingStudiedn Revit

x FieldReportll-—

December7 (Sessiorl5): BIM and BuildingDesign-Usingthis Powerful Tool
x BuildingDesign BD3
o0 Continuework onyour models
HandsOn-—OnScreenw/ Instructor
AdministerPostClassSurvey
ResumeReview— My opinionon how to makeit to the top of the pile.
Clas€valuations

O O oo

Decemberl3: 8:30TO10:30PM —FinalEXAM
X BuildingDesign- BD4—- PRESENMOURNORKONSCREEN.
X Presentation- EachStudentl5MIN—Howyou ImplementedBIM FINALASSESSMENT
X PresentConcepton Screerand Demonstratecapacityto useREVITor problemsolving—FINAL
INDIVIDUARSSESSMENT
x Distributeand CompleteExitBIM Survey

120



Assignment:

X Havea GreatBreakand| wishyouthe verybestasyoumakeyourway out into the construction
industryor whereeveryour path leadsyou!

TheSyllabugor CON571(2017)representsthe planningfor the fourth yearof full implementationof
BIMinto existingcourseworkandthe reflectiveanalysisof teachingthe coursefor sevenyears. The
instructor cannotpredictthe timing of associatednstructionandthusthe syllabusshallbe considereda
fluid documentthat will evolveto accommodateacceleratiornor decelerationaswe makeour way
throughthe materialand developanunderstandingof the currenttechnologyandhow longit takesyou
all to becomeacclimatedwith it.
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APPENDIN/: InstructorExamplego Inform StudentWork

@ FRAMEWORK
1: 6000

Figure4.1 Instructor Example FrameworkDiagram
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BIG IDEA: /|
LNIVERS CITY PLANMING AND ﬁﬁ-ﬂ{*
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Figure4.2 Instructor Example BigMovesDiagram
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Figure4.3 Instructor Example €onceptuaRendering
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APPENDIX: StudentWork Exhibits
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Figure5.1 StudentWork Exhibit FrameworkDiagram
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Figureb5.2 StudentWork Exhibit ThreeDimensionalFrameorRDiagram

HOUSING
Total Area: 363,660 sf

PARKING AT GRADE LEVEL
ATHLETICI SHOP/ GENERAL

HEALTH .
Total Area: 270,000 sf Total Area: 110,100 sf
RESEARCH LAB

PARKING Total Area: 110,100 sf

Total Area: 432,000 sf

NEW PARKING BUILDING
Total Area: 386,048 sf

f NEW PARKING BUILDING
Total Area: 250,800 sf

PARKING AT GRADE LEVEL

STUDY/ CLASSROOMS/ INSTRUCTIONAL LABS - :
Total Area: 180,000 sf / NEW PARKING BUILDING
OFFICE TOWERS i Total Area: 336,500 sf

Total Area: 410,000 sf

Relationship to the Master Plan

Figure5.3 StudentWork Exhibit ThreeDimensionalDevelopmentPlan
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Figure5.4 StudentWork Exhibit— BigMovesDiagram
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|
|
Gross Area each floor= 9,840 sq. ft. |
I

Figure5.6 StudentWork Exhibit— SpatialAnalysis
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Figure5.7 StudentWork Exhibit— ThreeDimensionalSite AreaAnalysis

Figure5.8 StudentWork Exhibit— EnlargedThreeDimensionalSite AreaAnalysis
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Figure5.9 StudentWork Exhibit— ConceptuaRendering
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Figure5.10StudentWork Exhibit— ConceptualSite Plan
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Figure5.11 StudentWork Exhibit— ConceptuaBuilding Section
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Figure5.12 StudentWork Exhibit— SchematidPerspective

Figure5.13 StudentWork Exhibit— SchematicAxonometric
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Figure5.14 StudentWork Exhibit— SchematidPerspective
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