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ABSTRACT

Informationsystemsgraduatesincreasinglyneedtounderstandthecollaborative,technology-driven
practicesinspiredbyopensourcesoftwaredevelopmentthatarefundamentallychangingtoday’s
workplace.Tomeetthischallenge,instructorsmustbringopensourceprinciplesandtechnologiesto
activelearningexperiences.Inthispaper,theauthorsdescribehownineteenundergraduatesinaweb
developmentanddesigncourseataMidwestuniversityworkedcollaborativelywithleadingopen-
sourcesoftwareprovider,RedHat,torevamptheTeachingOpenSourcewebsite.Accommodating
thissemester-lengthprojectrequiredmakingsignificantrevisionstocoursestructure,instructional
strategy,andassessments.Theauthorsalsodescribethechallengesofintegratingthesepractices
into theclassroomandconcludewithproject reflections, includingcautionsandsuggestions for
instructorsconsideringsimilarinitiativestomoveawayfromthe“instructorasexpert”paradigmto
“meritocracyrule”therebyenablingstudentstomakedecisionswithimpactsbeyondtheclassroom.
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INTROdUCTION

Theinformationsystemsdepartmentoffersanundergraduatewebdesignanddevelopmentclassatleast
onceayear.ThecourseisadegreerequirementforjuniorsorseniorsmajoringinDigitalMarketing
andanelectiveforInformationSystemsmajors.Instructionfocusesonclient-sidescriptingsuchas
HTML5,CSS3andJavaScript,andwebdesigntheory.

Topracticewhattheyarelearning,studentstypicallyworkinsmallgroupsonasemester-length
projecttodevelopwebsitesforlocalsmallbusinessesornonprofitorganizations.However,attheoutset
ofafallsemester,anopportunitypresenteditselfforstudentstocollaborateonamoresubstantial
project:buildingawebsitefortheonlybillion-dollaropensourcecompany,RedHat(redhat.com).

ThispaperdescribeshowaninstructorandRedHatconsultantdevelopedacoursestructure
thatenablednineteenundergraduatestouseopensourcesoftware(OSS)developmentprinciplesand
technologiesastheyredesigned,developed,andimplementedtheTeachingOpenSourcewebsite
(teachingopensource.org)accordingtoRedHat’sspecificationsandinput.Studentsworkedwithin
anagiledevelopmentenvironmentmuchliketheywouldintherealworld(Turnu,etal.,2006)and
wereencouragedtomaketheirowndecisionstomeetprojectexpectations.

Thisarticle,originallypublishedunderIGIGlobal’scopyrightonApril1,2020willproceedwithpublicationasanOpenAccessarticle
startingonJanuary21,2021inthegoldOpenAccessjournal,InternationalJournalofInformationandCommunicationTechnologyEduca-
tion(convertedtogoldOpenAccessJanuary1,2021),andwillbedistributedunderthetermsoftheCreativeCommonsAttributionLicense

(http://creativecommons.org/licenses/by/4.0/)whichpermitsunrestricteduse,distribution,andproductioninanymedium,providedthe
authoroftheoriginalworkandoriginalpublicationsourceareproperlycredited.
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IntherestofSection2,theauthorsdescribetheproject’scontextandlearningstrategies.Section
3contrastsitwithpreviousattemptsatcollaboration.Section4explainsthedivisionoflabor(into
fivestudentgroups)andthemeansofmotivatingthem.Section5describenewprocessesput in
place toensure thestudentssucceededatcollaboration.Section6summarizeshowtechnologies
allowingvirtualcollaborationwereapplied.Section7reviewsoverallfindings,includingsuccesses
andshortcomings,andSection8offerssuggestionsforreplicatingthelearningexperience.Finally,
Section9offersconclusionsandfuturedirections.

Open Source and Inner Source Approaches
Toexaminehowtheconceptsandpracticesthattheauthorsuseddivergedfromestablishedclass
projectsandpedagogies,thissubsectionsummarizestheindustrystrategiesandpracticesthatthe
classemployed.

Opensource typically refers tohowsourcecode isdistributedandsharedpubliclyviaopen
sourcelicensing(Koohang&Harman,2005;Kamthan,2007;OSI,2019).Similarly,anewbusiness
practice--the“opensourceway”--applies to theworkenvironment thesamemethodologies,best
practices,processes,toolsandculturethathavetransformedsoftwaredevelopment.Theopensource
wayempowersaworkforcetocollaboratefreelyasacommunityofpeople;newprioritiesinclude
transparency,communalwork,meritocraticrewards,andrapidprototyping(RedHat,2009).

Thesemethodsalsomaybeusedwhenthecodewillnotbereleasedtothepublic,oratleast
nottomorethanaselectfew(InnerSourceCommons,2019).TheInnerSourceapproachdescribes
communal,transparent,anditerativemethodsappliedtoin-houseplatformdevelopment(O’Reilly,
2000;Stol&Fitzgerald,2015).Innersourceprovidesthebenefitsofopensourceforcircumstancesin
whichcompanyculture,technicalreasons,legaluncertainties,orbusinesssecretspreventdisclosingthe
sourcecodeoutsidethecompany(Capraro&Riehle,2016).Anotherinstanceiswhenagovernment
hasrestrictedthematerialfromopensourcelicenses.

Weclassify theproject results as inner sourcebecause studentsworkedwith the authors in
anonlinemeetingspaceaccessibleonly to themselvesandproject facilitatorsfromRedHatand
theProfessorsOpenSourceSoftwareExperiencegroup(POSSE).Thewebsitewas innersource
becauseitscodehasnotyetbeenreleased,butopensourcebecauseitwillbefreelyavailableafter
itscompletionandapprovalbyRedhatandPOSSE.

Project Origins
TheauthorsmetataPOSSE(foss2serve.org)workshopforcomputerscienceandcomputerinformation
systemsprofessorssponsoredbyRedHatandrunbyPOSSEmemberfacultywithsupportfromthe
NationalScienceFoundation.Without participating in initiativesdesigned to foster partnerships
betweenacademiaandindustry,projectssuchasthisonedonoteasilyoccur.Theauthorsencourage
instructorswhowanttoimplementclassroomprojectssuchasthisonetoattendmeetingsoflocal
AITPchapters(aitp.org)orcontactorganizationslookingforprojectassistance,suchastheFree
SoftwareFoundation(fsf.org)

DuringtheworkshopRedHatandPOSSEspokeofaninitiativetorevamptheTeachingOpen
Sourcewebsite.Oneoftheauthors(theinstructor)sawanopportunitytoengagehisstudentsinthe
redesignandofferedtotakeontheprojectinthefall.AfterdiscussionswithRedHatmanagersand
POSSEleadership,theinstructorandRedHatconsultantlefttheworkshopasprojectleadersand
agreedthatthecollaborationwouldbe:

• Implementedbystudentsinaclassroomprojectenvironment;
• ManagedbyRedHatviatheconsultantandtheuniversityviatheinstructor;and
• OverseenbystakeholdersandfacilitatorsfromRedHatandPOSSE.
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Project Approach
Theprojectwouldbeconsiderably larger than the instructor’spreviouswebprojects,whichhad
smallteamsofthreetofivestudentsusinglimiteddeliverablestodesignwebsitesforlocalclients.
Forthismoresubstantialundertaking,theauthorsagreedthattheclassshouldfunctionasanopen
sourcecommunityinwhichdiversepeoplecollaborateforanimprovedoutcome(Sack,etal.,2006).

Revisions to thecourse structure, instructional strategy, scheduleandassessmentswouldbe
necessary.Theauthorsfirstplannedtheproject’sapproachandexpectations,whichwouldtaketheir
cuesfromtheITindustry’scomplexandmultifacetedprocessesbothinOSSdevelopment(Stewart
& Gosain, 2006) and recently, InnerSource development (Capraro & Riehle, 2016; Stol, Babar,
Avgeriou,&Fitzgerald,2011).Theauthorssoondetermined:

• Everyonewouldworkonthesameproject;
• Everyonewouldgetthesameprojectgrade;
• Fiveworkgroupswouldhavethreetofivestudentseach;
• Eachgroupwouldhaveasubfocus;
• GroupswouldworkwithRedHattoimplementthewebsite;
• Emailresponseswouldbeexpectedwithinthreedays;
• Weeklygroupsprintswouldbeacheck-inwitheveryone;
• Theconsultantwouldmakeanin-personvisitatkick-off.

Project Expectations
Thestudentteamwasaskedtobegintheprojectbyinvestigatingtheexistingsite,evaluatingitscontent
andwritingasiteanalysis.Thestudentteam’sfirstdeliverablereportstates:

The original Teaching Open Source website was put together to encourage students to learn about 
open source projects and software by reaching them through teachers. The site was mainly a teaching 
resource to allow teachers to view projects, recent open source events, and blogs regarding open 
source. Changes in management of the site led to lowered upkeep, whereupon spam accounts and 
poorly structured data led to most users leaving the site...[The client] looks to relaunch the website to 
better facilitate the original concept of promoting education and problem solving with open source...

Aftersummarizingthetasksathand,theanalysisdelineatedobjectivesforeachstudentgroup(as
discussedinSection4.1)aswellasfortheoverallteam.Italsoofferedapreliminarytimelinetomeet
theassigneddeliverydate.Afterfeedbackfromtheauthors,studentsdiscussedthereportatlengthand
maderevisions.Byallowingstudentstosetexpectationsandworkthroughthemwiththeinstructor
andconsultant,theteamhadasenseofownershipfrominitialstages(Stewart&Gosain,2006).

PREVIOUS COLLABORATION APPROACHES

Casestudieshavefocusedonteambuildingamongstudentspursingdifferentcollegemajorsandwith
programminglevelsrangingfrombeginnertoadvanced,aswerethechallengeswiththestudents.
Sahin(2011)recommendstakingstudents’preferencesandinstructor’sconsiderationsintoaccount
whenformingteamsforsoftwareengineeringcourses.Kruck&Teer(2009)advocatetheuseof
interdisciplinaryteamsasanadvantageinagrouptechnicalprojectanddescribehowaprofessorcan
adjustacoursetoaccommodateit.Fortunately,theauthorswereabletoincorporatethisknowledge
usingtheCATMEsystem(CATME,2019;Layton,Loughry,Ohland,&Ricco,2010)forgenerating
aquestionnairethatclassifiedeachstudent’sskillsandknowledgeaswellasattitudestowardteam
projects(catme.org).
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Teambuildingisonlythefirsthurdleinmanyclassroomprojects;despitebeingpartofatraditional
in-personclass,theprojectrequiredonlinecollaboration.Inseekingtoreplicateanefficientinteractive
learningenvironmentasoutlinedbyUzunboylu(Uzunboylu,Bicen,&Cavus,2011),theauthors’
experiencewas thatGoogleDocs,Hangouts,andSheets,aswellasLucidChartandTrellowere
invaluable.TheGoogleofferings,inparticular,madetheprojectpossible(asexplainedinSection6).

Afinalgoalofstudentteamworkinavirtualenvironmentistomotivatestudentstobecome
activeratherthanpassivelearners(Pundak,Herscovitz,Shacham,&Wiser-Biton,2009;Schiller,
2009;Coldwell,Craig,&Goold,2011;Drake,2012).Whilesharinggoalswiththeteamduring
the semester, the authors encouraged students to determine how they would reach them, in
particularbydecidingwhichtoolsandcomponentsbestfulfilledtheclient’srequirements(Teel,
Schweitzer,&Fulton,2012;Kamthan,2007;McComb,Green,&Compton,1999).Thiswas
validatedwhenstudentsdisputedtheclient’ssuggestions.Some,butnotall,oftheirarguments
wereadopted.Duringpost-projectfeedback,onestudentnotedthattheauthorshearingandgiving
seriousconsiderationtotheirideasandsuggestionsduringsprintmeetings(explainedSection
5.3)waspositive.SuchsupportiscriticaltoOSSdevelopmentteamsbecauseit“fosterstrust
andgoodcommunicationpracticesbyencouragingbehaviorsandorientationsthatarebeneficial
totheteam’swork”(Stewart&Gosain,2006,p.292).

Previous Classroom Attempts
Semester-length,real-worldprojectsarecoretothewebdesignanddevelopmentclassandidentifiedas
suchinthecoursedescription.However,precedingprojectsweresmallerscopedandlesscomplicated;
afewstudentsatatimehadbeenabletomanagetheinformationarchitecture,design,development
andimplementationofalocalorganization’swebsiteassignedtotheirteam.

Yet,previousprojectsalsohadoverlydependedonself-generatedinitiativefrombothclients
andstudents.Someclientshadbeengenerous--andothersuncharitable--involunteeringtimeand
assistancetoprojectteams.Moreover,pastprojectslackediterativedeliverablesorcheckpointsto
helpteamsstayonscheduleandontask.Ultimately,theselearningexperienceslackedcommunity,
cooperation,andastrongsenseofidentificationwiththeprojectteam:threeconceptsessentialfor
OSSdevelopmenttobeeffective(Stewart&Gosain,2006).

Taking this into account, the authors improved the class structure and assessments through
smallerdeliverables,plannedrevisionsofdeliverables,weeklycheck-inswiththeclientandflexible
objectives.Manyof these techniquesmirror tenetsofagiledevelopment insoftwareengineering
(Kamthan,2007;Teel,etal.,2012).Mostworkedwell,butSection7.3ofthispaperdescribestimes
whentheprojectdeviatedfromitsgoals.

Industry’s Shifting Paradigm
The course’s new strategy borrowed from the Open Source, InnerSource, Agile, and DevOps
approaches:allnewmodelsforsoftwaredevelopmentasmodernITprojectsgetbiggerandmore
complicated.Industryuseoforganizationalandculturalpracticestakenfromopensourceoriginated
withthesoftwareitselfinthelate1990sandbecameatrendalongwiththeInnerSourcemodelin
thefollowingdecade(Capraro&Reihle,2016;InnerSourcing,2019).Writtenin2001,TheAgile
Manifesto(Beck,etal.,2001)createdanewtrendinprojectmanagementthathasbenefitedsoftware
development-basedorganizationsbypromotingiterative,cooperative,andfrequentfeedbackpractices.

Morerecently--beginningin2009inBelgium(Edwards,2012)--therapidly-growingDevOps
movement has helped software organizations resolve the conflict between product development
(featurecreation)andoperations(systemsadministration)thatoftendelaysgettingsoftwaretothe
marketplace.DevOpsprinciplesarebeingembracedbylarge,complexITorganizationsworldwide.

Today,largeindustryplayerssuchasIBM,Intel,Facebook,andMicrosoftaremorecommitted
thanevertoopensourcesoftware.Inrecentyearstheyhavebeguntoallowtheirowndevelopersto
sharehigh-potentialcodeviacompany-sponsoredinitiatives,suchasIBM’sdeveloperWorksOpen,or
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byjoiningexistingopensourcesoftwarecommunities(Capraro&Riehle,2016).Preparingstudents
toworkinthesenewfast-pacedapproachestosoftwareandsystemdevelopmentisimportantfor
theircontinuedsuccess.However, itdoes require instructors toshift theoverallclassroomfocus
andbecomemoreofaguideratherthanthesoleexpert.Thenextsectionoutlineshowthesemester
projectcreatedanenvironmentwherethiscouldhappen.

PROJECT FRAMEwORK

Thesemesterbeganwithformingstudentgroups,settingupprojectarchitecture,andfamiliarizing
studentswiththecontextoftheproject,asdetailedinthefollowingsubsections.

Group Focus within the Team
Whileintendingtoencouragetheentireclasstocollaborateonactivitiessuchasbrainstormingand
problemsolving,theauthorsalsosawvalueinformingsmallergroupstoaccomplishspecifictasks.
Therefore,byapplyinganacceptedapproachtoOSSdevelopmentthatuseslooselyprescribedroles
(Sack,etal.,2006),theauthorsdevisedthefollowinggroupsofthreetofivestudentseach:

• Information Architecture / User Experience (IA):Afterfirstharvestingmaterialfromtheold
site,theIAgroupfocusedoncontentorganizationandusability,resultinginanewinformation
structureandimprovedsitenavigation.Itsmemberscreatedanimpressive1,188-cellspreadsheet
mappingoldcontenttonew,whichhelpedtheentireteamrearrangethesite;

• Project Management (PM):Thisgroupmanagedschedulesanddeliverabledatesandensured
collaborationacrossgroups.Oneofitsmembersattendedeachoffivesprintmeetingsperweek,
duringwhichtheyloggedprogressandassistedtheteamwithremindersandnextsteps;

• System Administration, Programming, Development (SysAdmin):Thisgroupwasresponsible
forcloudinfrastructureimplementation,shell-leveladministrationtasks,andverifyingthatthe
sitewassecure,robustandreliable.Thegroupinstalledandtestedallplatforms,modulesand
plugins,andmanageduserroles.Moreover,thegroupindependentlylearnedOpenShift(openshift.
com),anopensourcecloud-basedcontainerizedapplicationhostingsystem,andimplemented
andconfiguredWordpress(wordpress.org),thecontentmanagementsystem(CMS)platform
selectedforthenewsite;

• Systems Analysis (SysAnalysis):Thisgroupresearchedandtestedsevenplatformswiththe
potentialtomeetclientrequirementsandworkedwiththeauthorstocreatea1,640-cellspreadsheet
analyzingthesefindings.AfterrecommendingaCMS,thegroupdocumentedandexplained
thesystemtobothpotentialsystemadministratorsandusers.Thisaccomplishmentshouldnot
beminimizedgiventhelackofcleardocumentationinmanyopensourceprojects(Izquierdo-
Cortazar,González-Barahona,Robles,Deprez,&Auvray,2012);

• User Interface and Design (UI):Thisgroupwasresponsiblefordesign,layoutandcolortheme,
as well as the site achieving client standards for usability and branding. Dozens of designs
weresketchedonpaperandthenbuiltinLucidChart(lucidchart.com),acollaborativeonline
diagrammakersimilartoMicrosoftVisio.Additionally,groupmembersindependentlylearned
Wordpress’sthemeandpluginframeworktotaketheirartfromideatoimplementation.

Although forming groups helped to break a complex project into more manageable pieces,
specializedgroupsalsoriskedcreatingasiloeffectwithintheteam.Theauthorsavoidedthisby
requiringcollaborationonalldocumentsandgroupreportsatweeklysprints(discussedinSection
5.3).Forexample,theclassreceivedproposeddesignsfromtheUIgroup,organizationalrevisions
fromtheIAgroup,andsummariesofsprintsfromthePMgroup.Alloftheseitemswerepresented
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totheclassasawholeandcouldbeviewedatanytimeinthesharedprojectfolders.Peercooperation
throughoutthesemesterwasacriticalcomponenttoensurecollaborativework(Poindexter,2003).

Collaboration Motivators
Ifthestudentgroupsfailedtoworkinajoint-deliveryenvironment,andsiloedoutputshadtobe
assembledattheproject’send,therelikelywouldbecompatibilityissues(Stol,Avgeriou,Babar,
Lucas,&Fitzgerald,2014).Therefore,eachstudenthadtounderstandcollaborationbenefits.
Althoughthereweremanymotivationalfactorsinherentinthecoursestructure,thethreemost
importantwere:

• Sharedprojectgrade;
• Shareddocumentspace;and
• Sharedprojectknowledge.

Ideally, students were motivated by interests that they cared about, and not simply told to
collaborate.Stilltheauthorsfoundthesethreesharedareastobethemostimportantwhenfacilitating
opensourceinterdependencethroughoutthecourse.

Figure 1. Old to new information architecture mapping
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Shared Grade
Arguablythesinglemostimportantmotivatorwasthesharedprojectgrade.Theclassearnedasingle
markforthealloftheprojectdeliverables,whichaccountedfor50%ofeachstudent’sfinalgradefor
thecourse.Earlyintheprocess,theauthorsconsideredwhethertheinstructorshouldgradeseparately
oncertaindeliverablesfromeachgroup(e.g.,sitehierarchyanalysisbytheIAgroup),butrejected
thistoencouragecooperationandavoidasiloeffect.Itworkedwell.Askedaboutthebenefitsof
participatingintheproject,astudentnoted:

It was, to be blunt, scary just letting go of all control over more than half of my points [for the course] 
on this project by allowing others to work towards it instead, but it was a great learning experience.

Shared document Space
“Defaulttoopen,”ortransparencyindecision-making,isaprinciplethatRedHatappliestoitsentire
workculture.Studentswerestronglyencouragedtoworkonlyinsharedspaces.Theauthorstold
them,“Ifitisnotwrittendownforalltosee,itdidn’thappen.”Ifduringsprintmeetingsastudent
disclosedworkingapartfromthegroup,theauthorsaskedhimorhertopostthework--evenasa
roughdraft--inasharedspace.Thisoccurredonlyonceortwicebeforeallworkwassharedbydefault.

Figure 2. Content management system analysis
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Toenhanceteamworkfurther,editprivilegesweregrantedacrossthecollaborativecloudplatform.
Noonemisusedorabusedtheseprivileges,anissueofcommonconcerninopensourceprocesses.
Shareddocumentspaceallowedstudents tofollowtheoverallprogressandfindopportunities to
contributetocontentnotassignedtotheirgroup(Poindexter,2003).Thispermittedmeritocracy,
auniquebenefitofopensourcecommunities.Atanypointintimeastudentwasabletoprovide
feedbackonanyareaoftheproject.Thisleadstoprocessopenness.

Shared Knowledge
Transparency is another much-touted advantage to open source communities; it helps members
multiplytheirpersonalskillstoachieveagreaterresultthaniftheyhadworkedseparately(Stol,et
al.,2011,2014).CreatingacultureofopennessintheRedHatprojecttranscendedstudentssimply
knowingwhatothersweredoingorbeingabletomonitorreal-timeprogressondeliverablesand
provideinput.Studentshadtounderstandthathelpingeachotherwasintheirownpersonalinterest
becauseabetterprojectwouldbetheresult.Astheprojectprogressed,theauthorssawanincrease
inpeersgivingfeedbackonothergroupdeliverableseitherviathesharedspaceorinclasssessions.

Project Processes
However, an increase in peer cooperation would not have happened without an adequate
atmosphere to encourage collaboration (Poindexter, 2003). Without careful planning and
facilitation,studentswillbecomefrustratedandultimatelystymiethelearningexperiencefor
all.The following subsectionsdescribehow theprojectwas allocated adequateweekly time
and resources to enable peer cooperation and increased collaboration beyond what students
areaccustomed inamore traditionalclassroomenvironment.Althoughmanysmallercourse
adjustmentsarealwaysnecessary, theauthorsassert thatwithoutashift incoursescopeand
weeklysprints,thisprojectwouldnothavebeencompleted.

Figure 3. Proposed site designs
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Class Scope
Collaborationtypicallyrequiresmore“overhead”efforts,suchasplanningandmeetings,whichdo
notdirectlyresultinastudent’smeasurableprogressonaprojectdeliverable(Pundak,etal.2009).
Assuch,theprojectwithRedHatrequiredsignificantchangestotheinstructor’sstrategyforthe
course,includinggradingprocedures.

Modifyingtheclassscheduletoallowmoreclassroomtimefortheprojectwasslightlyeasier
thandecidinghowmuchitshouldinfluencefinalgrades.Inprevioussemesters,asmallergroup
projectcountedfor35%ofastudent’sfinalgradewiththeremaining65%comprisedofexercises,
hands-onlabs,andexams.Afteradiscussionwithstudentsthatendedinashowofhands,theRed
Hatprojectwasadjustedtobecome50%ofthegradingcomponentforthecourse.Theinstructor
accomplishedthischangebyremovingexamsfromthecourse.Ultimatelythischangeenabledthe
authorstoincreasethenumberofiterativesub-deliverablesfortheprojectinordertocommitearly,
commitoften(RedHat,2009),aswellasallocatemoretimetoenablegrouppeercooperationand
teamcollaborationontheprojectinclass.

Client Visit is Critical
Becausetheprojectwastobeamajorclassfocus,aclient-teammeetingearlyintheprocesswas
essential.Fortunately,theconsultantwasabletotravelonshortnoticeandbecamean“executivein
residence”forthreedaysattheuniversity.Besidesmeetingwithvariousstudentgroups,heledin-class
workshopstodiscussopensourceandRedHat.IntheWebclasstheauthorsconductedworkshops
tohelpstudentsunderstandtheprojectthoughquestionandanswersessions,setbenchmarks,and
helpstudentsbegintobrainstormabouttheproject(Kamthan,2007).

Thisface-to-facemeetingfosteredtrustbetweentheteamandtheconsultantthatwouldboost
students’motivation tocollaborate throughout the semester.AsStewart&Gosain (2006)noted,
“Affective trust stems from emotional attachment between a trustor and a trust target and may,
therefore,bemostrelevanttopotentialdevelopers’psychologicalandemotionalreasonsforjoining,
stayingwith,andcontributingtoOSSteams”(p.296).

Sprint Meetings Are Anchors
Tomaintainthecloseinteraction,aweeklysprintconductedinaroundrobinformatwasscheduled
witheachgroupandtheconsultant.Duringthesprint,groupmemberseachsharedwhattheyworked
onthatweekandwhattheyanticipateddoingthenext.Theconsultantledtheinitialgroupsprint,
butafterthefirstmeetingaskedeachgroupleadertotakeitover,thusmaintainingthecultureand
paceoftheweeklysprint.

Duringtheweeklysprint,inadditiontotheconsultant,aPMgroupmemberalsowaspresent.This
requirementwasahighlyeffectivemeanstorecordanddisseminateinformationamongthegroups
andtheteamasawhole.ThePMgroupkeptadetailedlogofallmeetings,resultinginavirtual
projecthistorythatwouldbenefitanyonewantingtolearnfromreviewingtheprocess(Teel,etal.,
2012).Opensourcecultureadvocatessuchtransparencybecauseitallowsnewdevelopers,transient
bugfixers,curiosityseekers,andresearchersaliketodelvedeepintoaprojectknowledgebaseand
cultureasiftheywereparticipantsfromtheonset.Thus,OSScanexpandbeyonditsprogenitors
(Stallman,1992).

Askedat theendof theproject to sharewhatworkedwell,nearlyevery studentnamed the
weeklysprints:

The thing that worked well the most with this project were the weekly sprint meetings…[The sprints] 
allowed us to get feedback on our work very quickly which in turn allowed us to make decisions on 
what to do next. I have taken part in many large projects where a deliverable is given and there is 
very little to zero communication up until the day before a deliverable is due. This causes everyone to 
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scramble at the very last second, which usually results in low quality work. I also believe the workshop 
days where the entire class was able to collaborate and speak to [the consultant] were equally as 
important. I also believe this more accurately represents a scenario you would face in the real world.

Theconsultant’savailabilitytoeachstudentgroupviaitsweeklysprintrequiredhimtoattend
fiveGoogleHangoutsperweek,anexceptionalcommitmentthatcontributedgreatlytotheproject’s
success.Althoughtheauthorsrealizealargecommitmentsuchasthismaynotbepossibleforevery
classproject,itwasnecessaryforoneofthisscope.However,sprintmeetingscouldbescaledback
dependingontheclient’sgoalsfortheproject.

COLLABORATIVE TECHNOLOGIES

Project commitment and open lines of communication (Stewart & Gosain, 2006) are tenets of
successfulopensourceprojects.Collaborativetechnologiesenabledthestudentstoaccomplishthe
latterdespitemostoftheircommunicationandworktakingplaceapartfromtheirtwiceweeklyclasses.

Cross-platformcompatibilityenabledstudentstointeractusinganyoperatingsystemormodality,
includingChromeOSandsmartphones.TheclassdefaultedtoproductivitytoolsofferedbyGoogle
AppsforEducation(google.com/edu)becauseof itsavailabilityandGoogle’sstrongcommunal-
orientedcreationabilities.Googleenabled thestudents tocollaborateon thesamedocuments to
create,share,andeditfilesinreal-time;however,anyothermultifaceteddevelopmentenvironment
wouldwork.

Anotherpreferencewasopen sourceplatforms suchasOpenShift,Git, andWordpress.The
following table summarizeshow technologiesallowingvirtual collaborationwereapplied to the
project.Eachisrated(High,Medium,Low)intermsofimportance.

Collaborativetechnologiesallowedstudentstowitnessprojectelementsevolveandhelped
them to contribute in real time rather than waiting for a deadline. These communal social
motivatorsarecriticaltothesuccessofopensourceandothercollaborativeprojects(Krogh,
Haefliger,Spaeth,&Wallin,2012).

OVERALL PROJECT FINdINGS

Given the fluidnatureofopensourceprocesses inplaynotonly in theprojectcomponentsand
interactionbutalso thepedagogicalshifts toencourage them,weofferboth themajorsuccesses
andtheshortcomingsforthosewhomightwanttoimplementsimilarinitiatives.Inthissection,the
authorsdistilltheprimarymotivatorsandpotentialstickingpointsinregardtoreplicatingsimilar
learningopportunities.

Instructional Shift
Collaborativeandcooperative learning requiresnotonly studentsbut also instructors to takeon
newroles.Earlyinthesemestertheinstructorabdicatedpowerascontentexpertoftheclassroomin
favorofbecomingthedesignerorarchitectofalearningexperience(Poindexter,2003).Thequality
ofthecollaborativeprocessbecametheinstructor’spriorityashehelpedstudentsmakedecisions
(Lakhani&vonHippel,2003).Attimesthisincludedlettingthestudentsfail,learnhowtorecover,
andreturntotheproject’scriticalpath.

Even if the instructor’shands-off instructional approach resulted in a less-than-perfect final
project,studentsbenefittedfromhavingobservedtheramificationsofpoordecision-makingina
real-worldOSSdevelopmentprocess.Krogh,etal.(2012)notethatthepotentialimpactofthework
isastrongmotivator.Asonestudentobserved:
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Table1. Collaborative technology used

Tool Explanation Importance

GoogleDocs

Allworkwastobeplacedinsharedfolderswithedit/
revisionprivilegesextendedtoall.Thisincludedthe
contentsofgroupsubfoldersandevenafolderforturning
inspecificdeliverables.BecauseGoogleDocslogsedits
withattribution,studentscouldseewhomadeanychanges,
includingdeletions.Toaddresspotentialconflicts,the
ProjectManagement(PM)groupwrotepoliciesforhandling
revisions,codecommits,andotherprojectneeds;this
groupalsowasresponsibleforqualitycontrolonallfinal
submissions.

High

GoogleHangouts

Weeklysprintmeetingswereheldasgroupvideochatson
GoogleHangouts,givingstudentswithbusyschedulesthe
flexibilityofattendingviasmartphones.Forworkshops
throughoutthesemester,GoogleHangoutsallowedthe
consultanttoaddresstheclassfromaprojectionsystem,and
latertomovearoundtheroomonalaptopscreentomeet
withgroups.

High

GoogleCalendar
Studentscouldcheckdeadlinesandconvenientlyjoin
HangoutsvialinksfromGoogleCalendar.PMmembersand
allgroupleadershadeditprivilegestosharedatesandtimes.

Medium

Trello
(trello.com)

EarlyinthesemesteraTrelloboardwasusefultoorganize
deliverables,groupformation,andotherinformation.Itsuse
diminishedastheprojectprogressed.

Low

LucidChart
(lucidchart.com)

TheUIgroupandIAgroupextensivelyusedLucidChart
forcollaborationonsiteschematics,themebuildingand
CSSframeworks.AneducationalversionmadeLucidChart
availabletostudentswithoutcosttothemortheuniversity.

High(Select
Groups[IAand
UI])
Low(Remaining
Groups)

GitandGitHub
(github.com)

AllcodewashostedinaprivateGitrepository;studentsused
GitHubtosharecode,documentsandothermaterials.Using
GitandGitHubwaschallengingforstudentsandrequired
in-classinstructionusingtutorialsandpracticeexercises.
Conceptssuchasfork,push,andpulldenoteactionsthat
areconfusingforfirsttimeusers.GitHubrecognizesthe
challengemanyfaceandhasdevelopeddetailedguidesand
tutorialsatitswebsite(education.github.com).

High
(SelectGroups
[SysAdmin])

OpenShift
(openshift.com)

Theproject’sdevelopmentandproductionsiteswerehoused
byOpenShift,whichisRedHat’sopensourcecloud-based
PlatformasaService(PaaS)hostingsystem.Itprovides
quickaccesstoaLinuxshellpromptandcanautomatically
setupdevelopmentenvironmentssuchasPHPandaMySQL
orPostgreSQLdatabase.OtherfreePaaSofferingssuch
asHeroku(heroku.com)arealsoavailable.TheSysAdmin
group,inparticular,usedOpenShifttotestmultipleContent
ManagementSystems(CMS),andtostandupadevelopment
andproductioncopyofWordpressfortheproject.OpenShift
andotherPaaSsletstudentsaccessasmanyvirtualserversas
neededtoexperimentwithanddeployprojecttechnologies.

High

Email Allgroupsandtheteamasawholereliedonemail
sometimestoitsdetriment(Section7.3). High
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The most important experience of this project was the real-world work environment we participated 
in. There are not nearly enough courses that truly apply a real-world environment to the curriculum 
and this class was an exception. This project allowed us to proactively learn what working in a web 
development position would be like. … Overall this gave us valuable career applicable knowledge 
we can take with us to a professional environment.

The consultant first expected to function as “client” for theproject but soon took amore
activeprojectmanagerrolethataddedanotherlevelofreal-worldauthenticity.Inadditiontobeing
anopensourcebusinessstrategistatRedHat,healsohadpreviouslyworkedonanInnerSource
projectattheNavalAirSystemsCommand(NAVAIR)oftheU.S.DepartmentofDefense.He
interactedwithstudentsinatrulyopensourcecollaborativemannerinwhichthemeritofideas
andapproachesinfluenceddecisions(Raymond,2001).Forexample,theUIgroupusedresearch
andexamplestoconvincetheconsultantthattheclientshouldgowithadifferentsitedesignthan
thepreferredone.Hiswillingnesstoallowideastoflourishcontributedtostudentownershipand
theproject’sultimatesuccess.

Project Successes
Fromstudent,industry,andinstructorviewpoints,theprojectworkedwell.Theauthorsnoteasexamples:

• Student ownership and excitement:Encouragedtomaketeamdecisions,listenedtoasvalued
teammembers,andtrustedtoproceedontheirowningroupsandinateam(Stewart&Gosain,
2006),studentsrespondedbymakingittheirmissiontocompleteasuccessfulproject;

• Real world lessons and output:Theprojectextendedtherelevanceofdoingwebdesignand
developmentwellbeyond theclassroom,allowingstudents to learncoursecontentbydoing
ratherthanbyonlyreadingandpracticing.Althoughcourseworkbesidestheprojectincluded
labs,thepotentialforreal-worldresultsmadetheOSSlearningexperienceindeliblebecause
itenabledstudentstotrydiverseapproachesastheyengineeredtheproduct(Kamthan,2007);

• More employable graduates:Completingtheprojectgavestudentsanindustry-sponsoredproject
toputontheirresumesandtohelpbuildtheirprofessionalidentitiesonLinkedIn(linkedin.com).
LongnotesthatOSSexperienceonstudentresumeshasamajorimpactwhenstudentsarelooking
fortheirfirstjob(2009).Additionally,theconsultantwasaskedtosubmitrecommendationsthat
ledtostudentsgettingtechnologyjobsandinternships.Asonestudentshared:

I lack internship experience and most of my job experience is in entry level service industry positions. 
Having been part of this project gives a great experience to list on my resume, something I consider 
highly important as I write this paper not a week removed from taking my walk at commencement.

• Benefits to client:RedHatandPOSSEreceivedanimprovedproductcreatedbyateam
of nineteen aspiring professionals, any of whom could be recruited as interns or future
employees.RedHatalsowasabletoencouragegoodsoftwarepractices,abenefit tothe
entireindustry(Long,2009);

• Benefits to university:Wellbeyondapressopportunity,theprojectfurtherhelpedtofostera
cultureofcollaborationbetweenthecollegeanditsindustrytechnicalpartnersbeyondthosein
thelocalcommunity.Additionaluniversityentrepreneurialventuresarenowconsideringopen
sourcecollaborationsaspotentialvenues;

• Proof of open source success:Theauthorsofferthisprojectasanexamplethatopensource,
coupledwithcollaborativeandpeerlearning,canbesuccessful.Thoughasignificantdeparture
from traditional instruction-based classrooms, projects such as this one should be more
commonplaceoncampuseswantingtopreparestudentsfortoday’sworkplace(Long,2009).The
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projectaccomplishedthiswhilealsoapplyingtheprinciplesofOSSsoftwaredevelopment,as
thebestenterprisedevelopmentorganizationsalsodo(Capraro&Riehle,2016).Theauthors’
hopeisthatotherinstructors,familiarwiththisproject’ssuccess,considertheviabilityofopen
sourceintheclassroomnotonlywithtechnologybutalsowithpedagogy.

Project Shortcomings
Althoughsuccessesoutweighedshortcomings,afewproblemsdidimpactstudentcollaborationand
projectdeliverables,asdescribedbelow:

• Feature bloat and scope creep: In the IT industry, projectmanagement sufferswhen
theproductaccruestoomanyfeaturesorchangesuncontrollably.Inthestudents’project,
theteamwastedtimestudyingfeaturessuchasusermanagementthatwereoutsideofthe
projectscopeandthuscounterproductive.Inhindsight, theauthorsshouldhavemoved
morequicklytodefinetheprojectscoperatherthanpermittheteamtopromotefeatures
thatwerenotrequired;

• Critical path slowdown:Infeedbackattheproject’sconclusion,nearlyeverystudentsaidit
hadtakentoolongattheproject’soutsettodecidewhichCMStouse:

...what we could have done better was the time comparison between researching the different parts, 
especially the CMS, and actually developing the prototype...too much time was spent on it, leaving 
the [team] very little time to create and implement the actual prototype.

Atthetime,theauthorswerenotawareoftheslowdownandencouragedsomeoftheresearch.
Careshouldbetakentostartworkintodevelopingtechnicalaspectsearlyon,versusspendingtoo
muchtimeweighingwhichpathstogodown.

• Group arguments:Althoughminimal,therewereinstancesofgroupconflict.Forexample,
theSysAdmingrouparguedforacertainCMSthattheSysAnalystgroupdidnotvaluefromits
research.Theauthorsletthestudentsworkthroughtheirconflictswithoutinterferenceinorder
tomaintainopensourcegovernancestructures(O’Mahoney&Ferraro,2007);

• Email miscommunication:StudentsreliedonGoogledocstostayabreastofcollaboration
onthedeliverables,perhapstotheneglectofemail.Discussionlistswerenotcreatedfor
eachstudentgrouporfortheoverallclass.Asaresult,forgettinganemailaddressinthe
Cc: fieldwould leaveastudentuniformed.Discussion listsalsowouldhavecontaineda
recordofcommunicationssimilar to thevirtualprojecthistorydescribed inSection5.3.
Futurereplicationsmusthaverobustcommunicationsystemssuchasemaillistsornewer
technologiessuchasSlack(slack.com);

• Privacy rights / FERPA: Getting students’ consent to use personally identifiable
informationforeducationalorpromotionalpurposesshouldnotbeoverlooked.Consider
checkingwithuniversitycounselintermsofwhatFERPAitemscanbereleasedorwaived
bythestudents.Ifsurveyinstrumentswillbeused,contacttheuniversity’shumansubjects
researchboard.

Theoverall projectwas successful because students learnedOSSprocesses and techniques,
andaswellhowtocollaboratewithamajortechnologycompany.Ultimately,theTeachingOpen
Sourcewebsitethestudentsdevelopedwasnotadopted,butthestudents’research,design,aswell
asdeliverablesinfluenceditsre-developmentbyRedHat.
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SUGGESTIONS FOR IMPLEMENTATION

Inthissectiontheauthorsofferadditionalconsiderationsforinstructorsorpartnerorganizations
preparing to undertake a student learning experience that will use open or inner source
developmentpractices:

• Organization buy-in:Successatshort-termprojectsofasemesterlengthrequiresthatcompanies
activelyembracetheopportunityforopenexplorationofabusinesschallengeorproblemwith
auniversityanditsstudents.Instructorswhoareuneasyaboutthepotentialforasingleclient
failuremightinsteadconsiderworkingwithanestablishedopensourceprojectteamattheFree
SoftwareFoundation(fsf.org/campaigns/priority-projects),ApacheFoundation(www.apache.
org),orGitHub(github.com/explore);

• Organization active contact: Instructors should look for the client who has interest in the
universityandprogram.Anexperiencedindustryprofessionalwhositsonacollegeorprogram
advisoryboardwouldbeagreatresourcetohelpintheprojectortoreferacolleaguewhowould
activelyengagethestudentsastheirtrustedmentor;

• Organization time allocation:Oneofthemostpreciousassetsamentorcanofferstudentsishis
orhertime.Todoso,amentormayneedtorelinquishordelegateotherworkduties.Ofcourse,
anidealcollaborationwouldlettheprofessionalvolunteerasubstantialamountofhisorherwork
week,butthisisnotusuallypossible(asitwasinourcase).Ataminimum,instructorsshould
advocatetheprojectasashort-termcommitmentallowingthecompanytobuildrelationships
andgainaccesstoundergraduates’talentandskillstoincreasecompanyparticipationinprojects;

• Organization project need:WhichOSSprojectsshouldtheITindustryconsiderappropriate
forcollaborationwithuniversitypartners?Theoptimalscenariowouldbearelativelylow-risk
ideaorunfinishedprojectthathasnotyetwarrantedmuchcorporateinvestmentortime.Ifthe
studentsfailtodeliveraresultmeetingallclientrequirements,theorganizationcancontinuewith
thenextsemester’sclass,recruitinternsfromthestudents,oruseinternalresourcestofinishit;

• Course time and scope fit:Projectsuccessdependsonthestudentteambeinggiventhetime
andresourcestosucceed.Theaforementionedproject,forexample,dominatedafifteen-week
semesteranddemandedhalfofthecourseevaluation.Iftheuniversitycalendarisshort,orthe
courseworkcannotaccommodatealargeproject,theauthorssuggestreducingtheprojectscope.
Considerimprovinganaspectofanexistingopensourceproject.Manyprojectsneedhelpwith
documentation,particularfeaturesets,etc.SourceForge(sourceforge.net/p/forge/helpwanted/)
providesalistingtostarttheprocess.

CONCLUSION ANd FUTURE dIRECTIONS

Thispaperdescribeshowstudent-ledcollaborationwithalargetechnologyproviderenhancedthe
learningexperienceforanundergraduatewebdesignanddevelopmentclass.Insteadofsmallteams
ofstudentsusinglimiteddeliverablestodesignwebsitesforlocalbusinessesornonprofits(asin
previoussemesters),adecisionto“opensourcethepedagogy”challengedtheclasstocollaborateon
amoresubstantialproject,buildingawebsiteforanS&P500company.

Success,however,requiredmajorclassroomchangestoaccommodatetheopensourceprinciples
ofcooperation,collaboration,andmeritocracy,aswellasAgileprojectmanagement.Toreplicate
thisactivelearningopportunity,instructorsmustbewillingtoshifttheirprimaryresponsibilityfrom
presentingcoursecontenttobecomingthefacilitatorofalearningprocessthatmayexceedtheir
comfortzone.Theclientmustbeabletoprovideamentortoworkwithstudentsfortheduration.

Similarly,studentsmustforgothefamiliarityofexamsandpredetermineddeliverables,aswell
astheirdirectcorrelationtoafinalgrade,whilegainingconsiderablecontroloftheirdeliverables
andthefinalprojectoutcome.Accordingly,theyparticipateinintenseteamwork,newtechnologies,

http://www.apache.org
http://www.apache.org
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anddailycheckpointsandcommunication.Studentsmaynotfullyperceivethereal-worldbenefitsof
suchanundertakinguntiltheyseekinternshipsandjobs.However,learningprojectsbasedonopen
orinnersourceprinciplesdopreparestudentsfortoday’sworkplace.

Futurecollaborationbetweenopensourceandacademicrealmsispromising,andtheauthors
want toseesuch initiativesbecomefundamental toundergraduatecoursework.Theycontinue to
developthebestpracticesapplicabletoreplicatingtheexperiencedescribedherein.
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