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ABSTRACT

Organizationsaremovingawayfromrigidplanningtoamoreincrementalstyleofplanningand
executioninprojects.Thereisagrowingacceptanceoftheeffectivenessofincrementalchange,both
inindustryprojectsandinstudentprojects,asadevelopmentmethodandasalearningapproach.
This,though,maynotbringauniversalbenefittoallstudents.Asenrolmentsininformationsystems
degreesdecrease,an increase in thenumberofmature studentshas thepotential tocounter this
decreaseinenrolments,butmaturestudentsneedadifferentlearningandteachingapproach.This
paperexaminestheimpactoftheadoptionofanincremental,oriterative,approachinacapstone
projectformaturestudents.Inthesamewaythatthereisnotasingletypeofmaturestudent,there
alsoisnocommonsetofimpactsonmaturestudentsthroughtheuseofanincrementalapproachto
learninganddevelopment.
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INTRodUCTIoN

Shortiterations,whereaprojectisworkedonincrementally,isreferredtoasemergentplanningor
rolling-waveplanning.Itstartswithahighlevelplan,thedetailsofwhicharefilledinaslearning
increases in theproject (Collyer,Warren,Hemsley,&Stevens,2010).The learningprocessand
knowledgecreationisanalogoustothesoftwaredevelopmentprocess(Rajlich&Xu,2007),where
knowledge isbuilt incrementally.WynnandEckert (2017)make thepertinentpoint that iterative
projectsallowcontinuouslearningandpreventtheproblemsseeninnon-iterativeprojects,whenit
istoolatetolearnwhentheprojectisover.

Inauniversitysetting,theconceptofiterationsisalsorelevantwhenitcomestostudents’learning.
Incremental learning involves creating new learning by building on existing learning (Nkhoma,
Lam,Richardson,Kam,&Lau,2016).Thisisalsoreferredtoasincrementalgainsinknowledge
(Tao,Yeh,&Hung,2015).Whilethebenefitsofbuildinginincrementsinalearningcontextare
nowrecognized,whatisnotclearisifthesebenefitsapplytoalltypesofstudents.Intheirreviewof
researchongenerationallearning,Oh,Ricciotti,andCianciolo(2018,p.349)maketheargumentthat
differencesbetweengenerations“necessitatescontinualreconsiderationofeducationalpractices.”The
purposeofthispaperistoexamineifthebenefitsofaniterativeapproachapplytomaturestudents
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inthesamewaythatexistingresearcharguesthatitbenefitstraditionalstudents.Thisisdoneby
examiningafinalyeardevelopmentprojectwhichchangedtoaniterativeapproach.

BACKGRoUNd

SoftwaredevelopmentmethodssuchasAgileevolvedfromtheprinciplesofLeanmanufacturingwhich
createanenvironmentofcontinualimprovement,adaptingtochange,andlearningfrommistakes
(Mor,Singh,&A,2016).Thesetechniquesarenowtaughttouniversitystudentsanditsbenefits
tolearninghavebeendemonstrated.Harris(2016)usedasimulationofmanufacturingpracticesin
aclassofmaturestudents,andthisexperientiallearningwasfoundtobeeffective.Theconceptof
iterativesoftwaredevelopmentevolvedfrommanufacturingandpromotescontinuouslearningthrough
shortiterations,feedback,andfrequentchange(Poppendieck&Cusumano,2012).Projectsusing
shortiterationshavebenefitsforstudentlearningintechnology-baseduniversitycourses.Thereis
anassumption,though,thatallstudentsdoingprojectswillbenefitfromthisiterativeapproach;this
paperexaminesandchallengesthatassumption.

Mature Students
Currentresearchintoeducationintheinformationsystemsdomainwouldtypicallybeontraditional
students [although this term isbecomingmoreofamisnomerwithChung,Turnbull, andChur-
Hansen(2017)arguingthatitisdifficulttodefineexactlywhatnon-traditionalmeans].Whatwould
bedescribedasa“typicalstudent”isastudentwhoprogressedfromtheirsecondleveleducation
(highschoolorsecondaryschooldependingonthecountry)straightintoanundergraduatedegree.
Non-traditionalusuallyreferstomaturestudentsandaredifferentiatedfromtraditionalinthattheir
pathtouniversitydidnotfollowthistraditionalpathofenteringuniversity(Cantwell,Archer,&
Bourke,2001;Cullity,2006;Iloh,2018).Inthispaper,wefollowHeagneyandBenson(2017)and
Dawborn-GundlachandMargetts(2018)definitionofamaturestudentasastudentovertheageof25.

Mostdevelopedcountriesareseeinganewgroupingofstudentswho,foravarietyofsocial,
economic,andculturalreasons,maynothavepreviouslyappliedforuniversities(Hassel&Ridout,
2018;Scheutze&Slowely,2002).Therehavebeenhugeincreasesinthenumberofmaturestudents
attendinghighereducation(Forbus,Newbold,&Mehta,2011;Hassel&Ridout,2018;Justice&
Dornan,2001).Thisdoesnotcomewithoutchallenges.Whilematurestudentmodesofentry to
universitygivestudentsasecondchance(Cantwelletal.,2001),thisiscreatingnewdifficultiesfor
universitiesinhowtomeettheireducationneeds(Scheutze&Slowely,2002).

Forexample,somecommonlyagreedproblemsfacingmaturestudentsinclude:

• Attritionratesinmaturestudentsarestillhigher(Hassel&Ridout,2018),soteachersneedtotake
intoaccountthattherewillbedifferinglearningstylesbetweentraditionalandmaturestudents
(Faulkner,Fitzmaurice,&Hannigan,2016;Kenner&Weinerman,2011).Itisworthnotingthat
learningstylesisunder-researchedininformationsystemseducation(Cegielski,Hazen,&Rainer,
2011)andthereisevendebateastowhetherthereisadequateevidencethatlearningstylescan
beappliedinassessments(Pashler,McDaniel,Rohrer,&Bjork,2008).

• Anadultenteringuniversityusuallyconstitutesamajorlifechange.This,alongwiththeadditional
stressofapplying,enrolling,andattendingclasses,canleadtomaturestudentsfeelingworried
andunsureastheyconfrontthenewchanges(Hardin,2008).

• Maturestudentswilloftenhavealimitedformaleducationandlessopportunitytodeveloptest-
takingskills(Merriam,2001)thantraditionalstudentswhohavetakentestsforthemajorityof
theirlife.

• Manymaturestudentshaveexistingresponsibilitiesasparentsandpartnersandtheadditionof
theirstudentresponsibilitiescanbestressful.Additionallytheremaybeanincreaseinfinancial
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stresswithstudentworkreducingtheirabilitytoearnmoneytosupportthemselvesandtheir
families(Dawborn-Gundlach&Margetts,2018;Stone&O’Shea,2013).

Whilethereisgeneralagreementontheproblemsabove,theretendstobedisagreementonhow
maturestudentslearnandthewaystheyprefertolearn.Forexample,Papinczak,Young,Groves,
andHaynes(2008)foundmaturestudentshavegreaterself-efficacyandarebetteratself-regulation
withtheirlearning.Thiswouldappeartoalignwellwithanincrementalapproach,eitherforstudents
learningabout InformationSystems (IS)developmentorworking in their softwaredevelopment
projects.Self-efficacyisregardedasimportantinsoftwaredevelopment(Chan&Thong,2009;Hazzan
&Seger,2010;Seger,Hazzan,&Bar-Nahor,2008),whileself-regulationinsoftwaredevelopment
alignswiththeargumentofChun(2004)forgivingstudentownershipoftheirlearningprocess.There
isnotuniversalagreement,though,onwhethermaturestudentshavethesetraits.Itisacommon
findinginresearchthatmaturestudentsareself-directedlearners,butBoekaerts(1999)arguesthat
thisisactuallyamisconception.Itisdifferencessuchasthesethathavethepotentialtoimpactthe
useofincrementaldevelopmentinateachingenvironmentwithmaturestudentsandisnowbeing
examined.Thetwodifferingviewsonhowmaturestudentslearncanbecategorizedas1)mature
studentsasself-directedlearnersand2)maturestudentsasteacher-dependentlearners.

Mature Students as Self-directed Learners
Onestreamofresearchhasfoundmaturestudents tobeself-directed learners.Knowles,Holton,
andSwanson(2015)wroteabouthowadultslearnandarguedthatmaturestudentsarebetteratself-
directionthantraditional/youngerstudents.Maturestudentsalsohaveagreaterexpectationoftheir
learningbybeingself-directed(Ellis,2007)(Henri,Morrell,&Scott,2018).Infact,self-directed
learningisusedasawayofdefiningadulteducationanddifferentiatingitfromthemoretraditional
learningbyyoungerstudents(Merriam,2001).Effectiveplanningandtimemanagementarepart
ofself-directedlearning(Loyens,Magda,&Rikers,2008),andmaturestudentsarebetterableto
dealwithambiguityinwhatisrequired(Clark,2010)andinmanagingtheirowntime(Trueman&
Hartley,1996).Withmorelifeexperience,maturestudentshavebeenfoundtobemoreresilientthan
traditionalstudents(Chungetal.,2017).WongandChiu(2018)foundthatlecturersoftenpreferred
maturestudentsbecausetheywerebetteratself-direction.

Sincematurestudentsareseenasself-directed,theISlecturermusttakeonanewrole.Inorder
forstudentstobeself-directed,thelecturerneedstoprovidetherightframeworktoallowself-direction
to occur (Cercone, 2008). So rather than dictating to the students, the lecturer must become an
enablerorfacilitator.Similarly,maturestudentswhoareself-directedgainmostfromself-evaluation
oftheirwork(Hardin,2008).Thismatchestheincrementaldevelopmentconcept(frombothlean
manufacturinganditerativesoftwaredevelopment)ofself-evaluationwhereteamsandindividuals
reflectonandevaluatetheirownwork(Turk,France,&Rumpe,2005).Forself-evaluationtosucceed,
thestudentneedstobeinternallymotivatedtoimproveandhavetheconfidencetodothis.Research
hasshownthatmaturestudentshavethesequalities.Maturestudentsseemtounderstandthecourse
materialratherthansimply‘studyingforthetest’(Cantwelletal.,2001;Justice&Dornan,2001;
Pokorny&Pokorny,2005).ThiswouldalignwiththefindingsbyBye,Pushkar,andConway(2007)
andFazeyandFazey(2001)thatmaturestudentstendtohavehigherlevelsofintrinsicmotivation
thantraditionalstudents.Additionally,VermeylenandMcLean(2014)foundmaturestudentstohave
moreconfidenceintheirownabilityandtobewillingtochallengeexperts.

Thisstreamofresearchintomaturestudents,althoughnotactuallyexamininganincremental
approach,doesstronglysuggest thatanincrementalapproachwouldalignwellwith the traitsof
maturestudents.Assuch,itsuggeststhatanincrementalapproachtobothstudentlearningandstudent
developmentprojectswouldbebeneficialtomaturestudents.
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Mature Students as Teacher-dependent Learners
Conversely,evenparadoxically,thereisasecondstreamofresearchintomaturestudentsthatdirectly
contradicttheresearcharguingthatmaturestudentsareself-directedlearners.Otherresearchhasfound
maturestudentstobetheopposite,andthiswouldchangetheimplicationsfortheuseofincremental
learningbymaturestudentsinISdevelopmentprojects.

ThemostobviousproblemformaturestudentsinISdevelopmentprojectsistheuseoftechnology.
Traditionalstudents,whoprogressstraight fromschool touniversity,aremorecomfortablewith
usingtechnologythanmaturestudents(Garcia&Aqin,2007;McMulan,2016;Pearce,2017)and
thismightimpactontheconfidenceofmaturestudents(Chiu,Tasi,Yang,&Guo,2019).Itaddsa
furtheroverheadinthatmaturestudentswillhavetobebroughtuptospeedintechnologymorethan
traditionalISstudents.Thereisn’tuniversalagreementonmaturestudents’abilitywithtechnology
though.Althoughthereisanassumptionthatyoungerstudentswouldbemoresuitedfortechnology
intheclassroom,LaiandHong(2015)examinedgenerationallearningstylesandfoundthatthis
wasnotactuallythecase.KirschnerandDeBruyckere(2017)callitadigitalmyththatthereare
generationaldifferencesinbeingbetterwithtechnology.Thisfurtherhighlightsthedifferentfindings
fromresearchonmaturestudents.

Furtherdifferencesareseenwithsomeresearchersdescribematurestudentsasteacher-dependent.
Dependentlearnersrequireexplicitdirectionfromthelecturer,whoisseenasanauthorityfigure
(Black,2018;Scheutze&Slowely,2002).Theviewofthelecturerwhoisthe“holderofthetruth”
canbeseeninmaturestudents’beliefthatthereare“rightanswers”andthese“truths”mustbesought
outbyaskingtheexpert(Anderson,Johnston,&McDonald,2014).Comparedtotraditionalstudents,
maturestudentsaremorelikelytoaskthelecturerquestions,somethingthathasbeenfoundtoisolate
themfromtraditionalstudents(Mallman&Lee,2016).Maturestudentsalsoseekrecognitionfrom
theirlecturer;theywanttobeassuredthattheyareontherighttrack(Chapman,2017)andaremore
demandingoffeedback(O’Dwyer&Hamilton,2018).Ifthereisamismatchbetweenthestagea
studentshouldbeatintheiracademicprogression,thenthestudentmaybecomedependentonthe
lecturer(Scheutze&Slowely,2002).Asmaturestudentsarelesspreparedforstudythantraditional
students(Faulkneretal.,2016),togetherwiththeirdisorientationonenteringuniversity(Hardin,
2008),thismismatchismorelikelytooccur.Withtherequirementforself-managementandself-
evaluation,ateacher-dependencywouldcreateproblemsformaturestudentsundertakinganiterative
softwaredevelopmentproject.

Maturestudentscanstruggleduetoavarietyofpsychologicalbarrierssuchas(Hardin,2008;
Kerka,1989;Pozdnyakova&Pozdnyakov2017):

• lackofconfidence
• anxietybasedonpreviousnegativeexperiencesineducation
• negativeexpectations

Inmodernsoftwaredevelopment,thedeveloperisreliedupontodotheirjob(Augustine,2005;
Cockburn&Highsmith,2001;Paasivaara&Lassenius,2019)bygivingthemincreasedcontrolof
theproject(Cao,Mohan,Xu,&Ramesh,2004;Gutierrez,Garzas,deLena,&Moguerza,2019)
to“dowhateverittakes”tomeettheiterationsgoal(Koch,2004,p.113).Consideringthenegative
traitsdescribedabove,withmaturestudentslackingconfidenceintheirownabilities,theywould
appeartobeunsuitedtoanincrementalsoftwaredevelopmentapproach.Additionally,andcontrary
totheresearchthatarguesthatmaturestudentsareself-directed,maturestudentshavebeenfound
tobepooratself-regulationwhentheyhavetoallocatetheirowntimeandconcentrateonimportant
tasks.Thiswouldfurthercomplicateandlessenthepositiveimpactsofmaturestudentsusingan
incrementalapproachtobothlearninganddevelopment.
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Whatisclearisthatexistingresearchonmaturestudentsiscontradictory,andthiscontradiction
willpresentproblemswhendecidingwhethertouseanincrementalapproachineducatingmatureIS
students.Itisunclearwhyexistingresearchhassuchdifferentresults,butsomeresolutionisneeded
beforeitcanbedeterminedifincrementallearningissuitableineducatingmatureISstudentsthrough
developmentprojects.

ApossibleexplanationisofferedbyO’DwyerandHamilton(2018)andvanRijn,Lero,Bridge,
andFritz(2016)whowarnagainsttreatingallmaturestudentsasonehomogenousgroup.Thereare
variationsinhowmaturestudentslearn(Marcaletti,IñiguezBerrozpe,&Koutra,2018).Holoyke
andLarson(2009)makethepertinentpointthatcurrentresearchonadultlearnerstendstoputall
adultsintothesamecategory”.Thereareawidevarietyofmaturestudentsandthedifferingtypes
maybeinfluencingthevaryingdescriptionsoftheirlearningstyles.

Studyingparttime,whilestillhavingthefinancialsecurityofajob,couldprovidethemature
studentwithamorepositiveattitude.Afull-timematurestudentwouldhavemorefinancialinsecurity
andpressures.Thedifferingstressesonamaturestudentbetweenafull-timeandpart-timecoursecould
explainsomeofthediscrepanciesbetweenthedifferentresearchstreams.Additionally,thelevelofthe
coursethematurestudenttakescouldalsohaveagreatimpact.Therearelargedifferencesbetween
anadultundertakinganinformationsystemscourseinuniversityandacontinuingeducationcourse.

Ratherthantryingtoinvestigatealltypesofmaturestudents,thisresearchwillexaminefull-
timeuniversityeducationtodetermineifanincrementalapproachcanbeofbenefittothemature
studentsundertakinganISuniversitycourse.Theresearchmethodisdescribedbelowfollowedby
adescriptionofthecasestudy.

RESEARCH METHod

Thisresearchisastudyofhowanincrementalapproachtosoftwaredevelopment,andlearningthrough
development,canhelporhinderfull-timematureISstudents.Inthiscasestudy,intheirfinalyear,
maturestudentsundertakeasoftwaredevelopmentcapstoneprojectandtheimpactofaniterative
approachtosoftwaredevelopmentonthestudentsthatisexamined.Thisresearchinvestigateswhether
anincrementalapproachisbeneficialornottomaturestudents.

Theresearchphilosophyfollowedwascriticalrealism,asitwasregardedasthebestapproach
forexaminingunderlyinginfluencesonthesuccessorotherwiseof thematurestudents.Critical
realismisthephilosophythatallowspost-positiviststoacceptthelimitationsofpositivismwhilestill
maintainingadegreeofapositivistoutlook(Robson,2002);criticalrealismisalsodescribedasthe
middlegroundbetweenpositivismandinterpretivism(Outhwaite,1983).Further,theaimofcritical
realismisexplanation,determiningwhatcausedaneventtooccur(Easton,2010)

Criticalrealismisbecomingmorewidelyusedininformationsystemsresearch(Wikgren,2005)
andhasbeenproposedasthesolutiontotheproblemswithpositivistandinterpretivistparadigms
(Mingers,2004b).Similarlyineducationresearch,itisarguedthatcriticalrealismcanovercome
theproblemsinherentinpositivistandrelativist/constructivistresearch.Thepositivistapproachto
researchonandineducationcanbeproblematic,Measuringthetimetakenwithtasksbystudents
orusingdatatoidentify‘good’or‘bad’schoolsoftenomitsdatathatrepresentsthereallifeofthe
classroomratherthanaforced,closedexperiment(Shipway,2011).Therelativist,orconstructivist,
approachtoeducationresearchcanalsobeproblematicinthattheattempttoconstructanindividual’s
experienceinternalizestheconstruction.Thisconstructionmaynottakeintoaccounttheunderlying
structuresandmechanismsatplay(Shipway,2011).

Ithasbeennotedthatthemajorityofpaperspublishedoncriticalrealismarepredominantly
theoretical(deVaujany,2008).Thereare,however,someexamplesofcriticalrealistIS‘fieldwork’.
Carlsson (2009) used a critical realist approach to investigate the use of executive information
systems,whileDobsonandLove(2004)andMcAvoyandButler(2017)describethebenefitsofa
criticalrealistapproachtoresearchinISdevelopmentprojects,includingwhytheyfail.Thisaligns
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withthegoalofthisresearchtoexaminehowincrementalsoftwaredevelopmentinamaturestudent
capstoneprojectcouldfail(orsucceed).Longshore-Smith(2006)arguesthatthecriticalrealismview
ofcausalitymakesitappropriateforresearchintoexplainingwhyeventsoccur(ordonotoccur);this
includeswhyaninitiativecanpotentiallycausechange(cf.Carlsson,2003;Easton,2010;Volkoff,
Strong,&Elmes,2007).Theresearchhereinissimilartothiswork,aspotentialchangesbroughtby
movingfromrigidplanningtoanincrementalapproachareexaminedinamaturestudentcapstone
project.Further,criticalrealism’sroleineducationresearch,istouncovertheunderlyingstructures
andmechanismswhoseimpactsoneducationneedtobedeterminedandexplained(Shipway,2011).
Themovetoincrementallearningthroughdevelopmentgivesrisetonewstructuresandmechanisms
whichneedtobeidentifiedandexplained.Thegoaloftheresearchistoidentifytheimpactofa
changetoiterativeapproachtosoftwaredevelopmentonmaturestudents,andtheircapstoneproject
providesthecontextforthechangeinapproach.

Theprocess followedwillbe thatof retroduction.Thegoalof thecritical realistmethodof
retroductionistodiscovertheinteractingmechanismsandstructureswhichgenerateaphenomenon
(Mingers,2004a;Olsen,2004),eliminatingsomewhilesupportingothers(Aaltonen&Tempini,
2014;Bygstad,2010;Zachariadis,2013).Thephenomenoninthisresearchisthesuccessorfailure
ofanincrementalapproachbymatureISstudentsintheircapstoneproject.

Inthisresearch,thedifferenttypesofmaturestudentwillbeexaminedthroughretroduction.
Thiswillidentifythemechanismsatplayinhowincrementaldevelopmentandlearningdoes(or
doesnot)haveanimpactonthematurestudent’sindividualcapstoneprojects.Thefindingsfrom
theretroductionofthematurestudenttypesarethenusedtobetterexplaintheimpactbycomparing
similaritiesanddifferencesoverthedurationofthecase.

A CASE STUdy oF FULL-TIME MATURE STUdENTS USING 
AGILE IN A UNIVERSITy INFoRMATIoN SySTEMS CoURSE

In2000,theDiplomainAppliedBusinessComputingwascreatedinUniversityCollegeCork.The
courseisopentoindividualswhoareunemployed,withthegoalthateducationwillenablethem
to secure jobs in information technology. The success of the course is seen were students have
gonetoworkintechnologyrolesinorganizationssuchasEMC,VMWare,Amazon,andBoston
Scientific.Severalstudents‘gottheeducationbug’andwentontomasterslevel,whileotherswork
forthemselves.Whilethecareerprospectsforthestudentshaveimproveddrastically,theacademic
levelachievedisalsopositive.Thesesuccessesarenotableasallthestudentsarematurestudents
whowereunemployedonentrytothecourse.

Thestudentscomefromavarietyofbackgrounds.Whileallwereunemployed,somehadpreviously
workedindifferentsectorsandothershadbeenlong-termunemployed.Itwashypothesizedthat,in
general,thosewhohadpreviouslybeeninemploymentwoulddisplaythelearningcharacteristics
described as self-directed learners while those who were long-term unemployed would display
thelearningcharacteristicsdescribedasteacherdependent.Assuch,thiscasestudyexaminedthe
effectivenessofanincrementalapproachforlearninginbothtypesofmaturestudents.

Thecourseisafull-time,two-yearprogramwherethestudentsaretaughtmodulesin:databases,
visual basic, web programming, IT architecture, multimedia, principles of information systems,
economics,andaccounting.Inthefinalyearoftheprogram,thestudentscompleteanindividual
capstonesoftwaredevelopmentproject;thisiswheretheydesignandbuildaninformationsystemfor
anorganizationoftheirchoice.Studentsareexpectedtodemonstratetheiruseofthetechnicaltopics
theyhavestudiedinthecourse.Itisthiscapstoneprojectwhichprovidesthecontexttodeterminethe
effectivenessofanincrementaldevelopmentandlearningapproachforthesematureISstudents.Over
the16yearsoftheDiplomarunning(8cohortsofstudentsasitwasatwo-yearcycle),approximately
165studentsstartedeachrunofthecourse.
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Toundertakethisstudy,thethreeresearchershadaccesstoallstudentemails,projectdocuments,
projectjournals,andformalstudentfeedback.Additionally,twooftheresearcherswereinvolved
withsupervisionofthecapstoneprojectsandknewallofthestudentsinvolvedthroughouttheyears.
ThethirdresearcherdidnotteachontheDiplomaandwasusedasanun-biasedreviewerofstudent
documentationandtoresolveanypotentialdifferencesofopinionbetweenthetwootherresearchers.
Theresearchersseparatelycategorizedeachstudentintooneofthetwogroups:self-directedorteacher-
dependentlearners.Thecodedlistswerethencombinedandexamined.Incodingtheanalysis,each
researcherusedexamplesfromemailsanddocumentationfromthestudentsregardingrequirements
fortheirprojects.

Therewassimilarityintheresearchers’codedlistsshowingbroadagreementonwhichstudents
wereself-directedandwhichwereteacher-dependent.Iftherewasdisagreementcategorizingthe
students,acombinedexaminationofemailsfromthestudentswasperformed.Thisjudgementwas
basedonthetypeofrequeststhestudentsmadeinemailstothelecturers.Forexample,ifthemajority
ofemailswerejudgedtobeseekingtoomuchclarification(comparedtoothersintheself-directed
group)onassignmentsthentheywerejudgedtobeteacher-dependent.Also,astudent’sworkhistory
andexperiencewithtechnologywasdeterminedfromanalysisoftheapplicationformssubmittedby
thestudentswhenapplyingforthecourse.

The Impact of Moving from Rigid Planning to Incremental 
development in a Mature Student Capstone Project
Thefirststageintheresearchwastocategorizethestudentsintotwogroups:self-directedstudents
andteacher-dependentstudents.Tocategorizewhetherstudentswereself-directedornot,thequalities
ofself-directedlearnersfromRaemdonck(2014)wasused:discoverlearningopportunities,takethe
initiativetolearn,andwillpersevereintheirattemptstolearn,iftheycomeupagainstobstacles.

Examples of the types of questions asked by students, and the categorization into teacher-
dependentandself-directed,areshownbelowinTable1.

Ascanbeseenintheexamplesabove,theteacher-dependentstudentswereaskingforconfirmation
onwhethertodosomething,whiletheself-directedstudentswereseekinganswersonhowtodo
somethingortryingsomethingthemselves.

Thereweretwofindingswhichinitiallystoodoutfromthisgrouping.Byexaminingthework
historyandprior technicalknowledge(available fromtheirapplication forms), itwas found that
studentswhohadworked in theprevious tenyears fitted thedescriptionof self-directedmature
students.Theyhadmoreconfidenceintheirownabilitiesandweremoreopentochallengesand
challengingthemselves.Studentswhohadn’tworkedintheprevioustenyears(orwhohadnever
worked)matchedthedescriptionofteacher-dependentmaturestudents.Thesecondfindingofnotewas

Table 1. Student requirements questions

Teacher-dependent Self-directed

“Woulditbeoktoaddacarouselonthefrontpage “ArethereAPI’sthatIcouldusetoaddapaymentfunction”

“DoIneedaloginpage” “Ican’tconnecttothedatabase.Couldyousuggestsome
materialIcouldreadtolearnaboutit”

“ShouldIuseacardreader” “Whatwasthenameofthatfunctionwecoveredinclass?I
wanttouseitinmyproject”

“Doesthislookoktoyou” “Iwanttokeepatit–Ithinkitmightbebetter”

”HowmanylinksshouldIhave” ”Iamgoingtotryittoseeifitlooksok”

“DoIneedreferentialintegrityinsomethingthissize” “Itseemslikeitdidn’tworkbecauseoftheblockfile.What
didyousaythework-aroundforthatwas?”
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thatthecategorieswerenotimpactedbytheirpriorITknowledge.Itwasinitiallyassumedthatthose
whoworkedpreviouslywouldhavehadcontactwithITandthattheywouldbemorecomfortablewith
programming.However,theubiquityofITminimizedanybenefitthatcontactwithITinajobwould
havehad.Asonestudentsaid“everyonehasacomputerandwithyourphoneyoualwayshaveaccess
totheinternet.”Basedonthis,theinfluence(orthemechanismtousecriticalrealistterminology)
ofpriorITusagehadnoimpactoneithercategoryonthesuccessorfailureofthecapstoneproject.
Partofthatisexplainedconsideringthecapstoneprojectstakeplaceinthesecondyear,bywhich
timeallthestudentshavehadintensivelearningintechnologyandprogramming.

Thechangefromarigidplanningapproachtothecapstoneprojectwasintroducedinthefourth
running of the diploma. Prior to that, students used a waterfall-based approach to planning and
development.Thewaterfallmodelisaclassicalmodelusedinsystemdevelopmentlifecycletocreate
asystemwithalinearandsequentialapproach;itisoftenconsideredtobeaverystructured(even
rigid)approachtosoftwaredevelopment.Inawaterfallapproach,requirementsaredefinedatthe
beginningoftheproject,andtherequirementstendnottochangethroughouttheproject.Theuseofa
waterfallapproachshoweddifferencesbetweenthecategoriesofstudents.Theself-directedstudents
continuedtobeconfidentstudentsthatwereself-managedandself-directedintheirproject.However,
themorerigidprocess-basedapproachdidnotsuittheirlearningstyleandtraitsasmaturestudents.

Then in their fourthyear, students present their final system,which includes thedeveloped
software,ausermanual,andajournaldescribingtheprojectasithappened.Theauthorsandother
lecturers thendiscuss the system todetermineamark.The two researcherswhohadworkedon
theDiplomaexaminedthejournalsinadditiontothethirdresearcher(whohadnotworkedonthe
Diplomaorinvolvedintheinitialgroupings).Thiswastoensurethattherewasnobiasfromknowing
thestudentsorknowledgeofstudentsbeinggroupedintotheself-directedandteacher-dependent
categories.Fortheself-directedstudents,thedetailsinthejournalwereobviouslywrittenafterthe
softwarewasdevelopedinsteadofwhilethesystemwasbeingdeveloped.Itwasclearfromseeing
thefinaldevelopedsystemsthatthejournaldidnotdescribethemanychangesthathadoccurred
throughouttheproject.Seemingly,theself-directedmaturestudentshadexperimentedwithdifferent
solutionsthroughouttheproject,someofwhichworkedandsomeofwhichfailed,andthiswasnot
includedinthefinalsystem.Readingthejournalsoftheself-directedstudentsgavetheimpression
thateverythinghadprogressedaccordingtoaplan.Examplesofhowthejournalswerecoded,and
thecategorizationintoteacher-dependentandself-directed,areshownbelowinTable2.

Theself-directedstudentsdislikedthejournal; theyfelt itrestrictedtheirexperimentationin
development,abilitytomakechangestothesystem,andwastryingtoforcethemintoarigid-planned
approach.Manyoftheself-directedstudentsadmittedthattheywrotethejournalafterthedevelopment
andpretendedthattherewasastructuretowhattheydid.Theteacher-dependentstudentsdidnothave
theseproblemswiththejournalandwoulddiscussprogresswithalecturerbeforewritinganything
inthejournal.Essentially,thejournalwasthecapstoneproject’sequivalenttoaprojectplan.The

Table 2. Journal coding

Teacher-dependent Self-directed

Talksaboutproblemsandhowtheycouldbesolved Nodiscussionofproblems,onlyoutcomes

Writtensequentiallyfromprojectstarttofinish Writtenabouttopicswithnoflowoftime

Includedaprojectplanthatwasfollowedanddeviationsto
theplanidentified

Includedabasicplanwhichappearedasifitwas
successfullyfollowedwithnochangesrequired

Risksidentifiedinadvanceofdevelopmentandfailures
described Norisksidentifiedorfailuresdescribed

Alotofthedocumentdescribedup-frontplanning Verylittleup-frontplanning
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self-directedstudentsresentedtheimpositionofaplan(thejournal)whiletheteacher-dependent
studentsembracedandusedtheplan(thejournal)inawaysimilartotheinitialwaterfallapproach.

Whenthecapstoneprojectchangedtoanincrementalapproach,itbroughtsomebenefitstoboth
categoriesofstudents.Oncethestudentshadembracedtheincrementalapproach,theywereableto
adapttheirplantodealwithproblemsastheyoccurred.Onemajordifferencebetweentraditionaland
maturestudentsaretheissuesthatcaninterferewiththeireducation.Maturestudentshavefinancial
issues,familyissues,andavarietyofotherreasonsnecessitatingthattheybeoffcampusfordiffering
periodsoftime.Planninganddevelopingincrementally,inshortiterations,allowedthestudentsto
adaptandchangetheirworkasrequired.Forexample,workcouldbemovedtothenextiterationto
allowtimetolookafterasickchild.Bybuildingthesystemincrementally,thestudentswouldalways
haveaworkingpieceofsoftwaretosubmit,eveniftheymissedaniteration.

Whilethisflexibilityhadbenefitsforbothcategories,thereweredifferencesbetweenthetwo
typesofmaturestudents.Theself-directedstudentsembracedtheincrementaldevelopmentandit
wasclearlysuitedtotheirlearningstyle.Theysettheirownplans,adaptedtheplans,andengagedin
self-reflectiononhowtheyweredoing.Theycopedwellwithuncertaintiesandwereabletoadapt
toanychangesthatwererequiredinthesystem.

Ontheotherhand,withthelackofrigidup-frontplanning,theteacher-dependentmaturestudents
struggled.ThiswasseenthroughtheexperienceofthetworesearchersinvolvedintheDiplomaand
also through theanalysisby the third researcherof anonymized student emails concerning their
capstoneproject.Thesestudentsstartedeachprojectseekingreassurancefromthelecturer,triedto
planeverythingindetailup-front,andwereinitiallystressedwhenthedevelopmentdidnotgoas
planned.Tothem,the“customers”fortheprojectwerethelecturers,andtheseteacher-dependent
maturestudentscontinuallylookedforguidancefromthecustomer.Thisisnotaprobleminmodern
ISdevelopmentwhenthecustomerismoreinvolved.Theproblemwasthattheteacher-dependent
studentswereusingthecustomer(thelecturers)notforguidancebutforconfirmation.Theteacher-
dependentstudentswereveryuncomfortablewithvagueguidanceaboutrequirementsandthefact
thattheychangedthroughouttheproject.Thisisaconcernastherealityofsoftwaredevelopment
projectshascustomerswhogenerallydonotknowwhat theyneed (Glass,2001),until they see
something(Sutherland,2001).TheconcernofGlass(2001)isrelevantas,similarly, theteacher-
dependentstudentshadgreatdifficultyindealingwithvaguerequirementsandcontinuallytriedto
getconfirmationoftheexactdetailsofwhatwasrequired.

Oneveryproject,theteacher-dependentstudentsovertimebecamemoreacceptingofthenew
approach.Usuallythetriggertoacceptancewaswhentheyhadtodealwithsomethingoutsideof
thecourse(suchasafamilyemergency).Itwasthenthattheystartedtoseevalueinanincremental
approach,whichallowedthemtorescheduleandreprioritizework.Whilethisispositive,itusually
occurred late in the project was stressful for the students. Ultimately this stress impacted had a
negativeimpactontheiroverallgradeforthecapstoneproject.Overtheyears,itwasinitiallyassumed
thatthelowermarksforteacher-dependentstudentswasbecausetheywerenotasgoodastheself-
directedstudentsorthatself-directionleadstobetterresults.Butbyusingthecriticalrealistmethod
ofretroductionandanalyzingwhatothermechanismscouldbeatplay,itbecameclearthatthelower
markswereadirectconsequenceofthestresscausedbytheteacher-dependentstudentstrugglingto
dealwiththelackofarigidplanfortheirproject.Furtherexaminationhighlightedthattheyfeltalack
ofdirection.Theteacher-dependentstudentswerecomfortablewithplans;plansprovideguidance
andadegreeofcomfort.Itwasthephilosophyofacceptanceofchangetotheseplans,andbeing
empoweredtodealwiththesechanges,thatcausedthemstress.

CoNCLUSIoN

A common method of teaching development to IS students is through a capstone project, and
researchershaveshownthebenefitsthatthiscanbringtostudents.However,cautionisneededin
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assumingthatincrementaldevelopmentincapstoneprojectswillbringbenefitstoallstudents.There
needs tobea recognition thatmature studentscanhavedifferent learningstyles than traditional
studentsand,withtheriseinthenumbersofmaturestudents,ISeducatorsneedtotakethesediffering
stylesintoaccount.Eventheterm‘maturestudent’istoobroad;thereareavarietyofdifferenttypes
ofmaturestudents,frompart-timetofulltimeandattendingdifferinglevelsofcourses.Eachofthe
differenttypeofstudentmayhavedifferingstyleswhichcanbeimpactedby,andimpacton,the
approachusedinhowweteachISandonIScapstoneprojects.

Thisresearchexaminedfull-timematurestudentsandidentifiedtwospecificcategories:self-
directedmaturestudentsandteacher-dependentmaturestudents.Whilebothcategoriesofstudents
findbenefitsinanincrementalapproachtotheircapstoneprojects,therearedifferencesbetween
the twocategories.Ultimately,whilebothcategoriesofmaturestudentsaccept, learnmore,and
findbenefitthroughincrementaldevelopmentintheircapstoneproject,itcancreatedifficultiesfor
teacher-dependentmaturestudents.Thetimetakentoacceptthebenefitsofanewapproachcanbea
periodofstress,andthisstresscannegativelyimpactontheoverallgradeforthecapstoneproject.It
wasfoundthatthisstressforteacher-dependentmaturestudentswascausedbydealingwithchange
intheproject.Acceptanceofchangeanduncertainty,whileself-managingandadaptingyourwork
andprogress,iscoretoincrementalsoftwaredevelopment,butthisveryphilosophyisdifficultfor
teacher-dependentmaturestudentstofullyacceptandputintopractice.

Thefindingsofthisresearchsuggestthat,fortheinformationsystemseducator,itisvitalthat
maturestudentsareintroducedtotherealityofchangeinISprojects(specificallythoseshowing
signsofteacher-dependency)asearlyaspossible.Thisresearchhasshownthatitistoolateforthe
studentstohavetodealwithitduringtheirindividualcapstoneproject.

Itshouldbeacknowledged that thereare limitations to thisstudy.Onlyonespecific typeof
maturestudentwasexaminedandthatwasmaturestudentswhowereunemployedbeforestarting
theirstudies.Itisnotpossibletoapplythefindingstostudentsstartingacoursewhowerealreadyin
employment.Additionally,thestudentsinthisstudywereallfull-timestudentssopart-timestudents
mayhavedifferentlearningcharacteristicsandneeds.Itisacknowledgedthatthisresearchdoesnot
addresseverytypeofmaturestudentandtheauthorsagreewithvanRijnetal.(2016,p.40)who
arguethat“institutionscanincludematurestudentsbydemonstratingawarenessoftheirneedsand
movingawayfromaone-size-fits-allapproachdesignedfortraditionalstudents.”

Althoughnotexaminedspecificallyinthisresearch,thesuggestionsbelowmayhelptointroduce
changetomaturestudents:

• Forthefirstprojectsthatmaturestudentsdointheirfirstyear,theprojectscouldbemadeupof
sections/iterations.Newsectionsareintroducedwhenthepreviousoneiscompletedandbuilds
towardsafinalsolution.

• Thesesectionsshouldbeofashortduration–aniterationoftwotothreeweekswouldbeideal
asitallowsforchangesindirection.

• Changestorequirementsshouldbedeliberatelyintroducedmid-waythroughtheproject.
• Studentsshouldberewardedforadaptingtheirprojectstochangingrequirements.

Iftheskillsneededtoadapttochangeareintroducedearlytomaturestudents,theyhavethe
potentialtoavoidtheproblemstheymayencounterintheircapstoneprojectandinanyfutureroles
theymayholdinindustry.
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