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Abstract

The foundationcoursesn ComputerScienceposeparticularchallengedor teacher
andlearneralike. This paperdescribesomeof thesechallengesandhow we have

designed®roblem-Basetearning(PBL) courseto addresshem.
We discusgheparticularproblemswve werekeento overcomethepuretechnical

focusof mary coursesthe problemsof individual learningandthe needto establish
foundationsn arangeof the areasvhich areimportantfor computersciencegradu
ates.Wethenoutlineourcoursalesignshaving how we have createdProblemBased

Learningcourses.
Thepaperreportourevaluationof theapproach.Thishastwo partsassessment

of atrial, with a three-yeatongitudinalfollow up of the studentsreportsof student
learningimprovementsafter we had becomeexperiencedwith full implementation

of PBL.
We concludewith asummaryof ourexperienceoverthreeyearsof PBL teaching

anddiscussomeof thepragmatiassue®f introducingtheradicalchangen teaching,
maintaining staf supportand continuing refinementof our PBL teaching. We
alsodiscusssomeof our approacheso the commonlyacknavledgedchallengef

PBL teaching.
Keywords:Problem-Basedearning Jargefirst yearclassedjfe-long learning

1. Intr oduction

The foundationcoursesn ComputerScienceposeparticularchallengedor the teacher:
they developbasicskills andattitudesvhich areimportantfor effectivelearningin latercourses;
they areoftenlarge courseswith correspondinglyarge managemenandadministratve loads;
teachingstaf oftenfind themdemandingandfor somestaf, they areseemasonerous.

Now taking the learners perspectie, considerthe critical role of foundationcourses.
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They give alargecohortof studentsheirfirst realtasteof thediscipline. Negative experiences
may discouragestudentdrom further study Thisis a very seriousproblemif thosenegative
experiencesrenotindicative of thedisciplineasawhole.

To makethisconcreteconsidetherole of groupandindividualwork in typicalfoundation
courses. The coursesare typically basedupon individual work. By contrast,much of the
programmingworkforce operatesn teams,wherethe ability to work co-operatrely andto
communicatevell areimportant. Studentswith aptitudeanda preferencdor teamwork may
give up on ComputerSciencelf their first year experienceorvince themthat the discipline
Is individualistic.

Consideranotherexample. A large proportionof ComputerSciencegraduatesvill find
employmentwhichinvolvesbroadproblemsolvingskills, ratherthanpurelytechnicallycentred
actvity. If thefoundationcourseshave a narrov technicalfocus,this may deterstudentswvith
preferencéor broadproblemsolvingthatis somuchin demandamonggraduatesThishasbeen
identifiedasa particularproblemfor women([8].

In addition,the majority of studentsn the first yearcomputingcoursesarealsoin their
first yearat University Thesestudentsareparticularlyfragile. Researclon the experience®f
Australianfirst yearuniversity studentsndicatesthat mary of thesestudentsuffer loneliness
anddoubtabouttheir choiceof degree.

1.1. Motivation for move fr om corventional teaching

Factorssuchastheseweighedon usin 1995aswe began the redesignof our first year
courses At thatpoint,welike mary otherswerestill teachingPascal.For severalyearswe had
beernacutelyawareof Pascalsshortcomingsut foundthechoiceof next languageverydifficult.
Evenso,atthispoint,wefelt thata move wasurgentandwe choseio move to anobject-oriented
language.In fact, we moved to a clean,elegant object-orientedintroductory programming
languageBlue [10] [12] [1]].

At thesametime,we sav majorproblemswith theoverallteachingapproactandstructure
of ourfoundationcourses.Our foundationcoursesada cornventionalformat,with six contact
hoursperweek of threelecturesatutorialandtwo-hourworkshop.Wewereconcernedhatthis
cornventionalcoursefailedto developskills neededn latercourses.n particulaywe wantedthe
veryfirst coursego placeemphasi®nthreebroadclasse®f skills:

1. genericskills of independenandreflective learning,problemsolving,critical thinking as
well aswrittenandspokencommunication.

2. At thesameime,we wantedto achieve increasedearningof thetechnicalaspect®f pro-
grammingandintroductorycomputeiscienceaspectsik e correctnesandtime compleity
analysis.

3. Inthemiddlegroundbetweenthe purelytechnicalandthe generic we wantedto provide
foundationsin software engineeringareasof requirementsanalysis,design, planning
and coordinationof software developmentandtesting,aswell asa usercentredview of
interactve-softwaredevelopment.

The conventionalcoursesnadeit very difficult to nurturethis rangeof skills. They generally
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achieredthe purelytechnicalaspectguitewell: the courseshadbeenrefinedover mary years
andwerea polishedform of corventionalfirst yearcourses.

Thisrangeof skillsis representedh mostfull degreeprogrammesHowever, it istypically
notpartof thefoundationunits. As we have discussedhismeansa missedpportunityto shov
theimportanceof thisrangeof aspectérom thevery beginning. It alsomakesit moredifficult
to helpstudent®stablistgoodhabitsfrom theveryfirst courses.

Considey for example,the teachingof good documentation.In a typical course where
student®only write quite small,soloprogramsver a shortperiod,rarelymorethanfour weeks,
it is difficult to helpthemappreciatehe importanceof documentation Certainly onecanset
guidelinesandexplainthereason$or them. Onecanthentie assessmemtd gooddocumentation.
But oneis then left with largely extrinsic motivation for documentation.lt is preferableif
studentanactuallyexperiencethe benefitsof good documentatiorand suffer the effectsof
poordocumentationHaving this happerat first yearmalesit easierfor studentso form good
habitswhichwill carrythemrightthroughtheirstudiesandprofessionalife. Moreover, it avoids
studentgorming badhabitswhich needto beunlearnt.

Considemanotheexample.In ourconventionaktoursewemadesxtensveuseof automated
grading. Thismadeourwork moremanageablelt alsoconstituteca modelof thoroughtesting:
we hopedourstudentsvouldlearnfrom this. However, we obsenedthatit hadadifferenteffect.
By seniorcoursesit meantthat studentexpectedprogrammingasksto have extremelytight
specificationandthey reliedonusto setthestandardshichdefinedhesuccessf theirwork. It
wassurprisinglydifficult to teachseniorstudentgo settheir own testingagendaandstandards.

A deepeproblemwith thecornventionalcoursevasdueto thediversityin ourlargestudent
body. We took someaccountof this by teachingthe top studentsn an Advancedform of the
course.Evenso,thisleft the500to 900studentsakingthecoursein asemesteforcedto spend
theirthreelecturehoursperweekin oneof two levelsof class.Someof thestudentfiave studied
computingat schoolor elsevhere. Somehave beenprogrammingsincethey werequiteyoung.
Mosthave noprogrammingexperiencetall. Thereisalsoconsiderabléiversityonmary other
dimensions.Our studentcomefrom severaldegreeprogrammesArts, EconomicsEducation,
EngineeringSciencecombineddegreessuchasScience/La aswell asthe ComputerScience
degree. Many studywith usfor justa semesteor two while otherswill continueto completea
major, Honoursdegreeandpostgraduatstudy In a monolithiccourseijt is extremelydifficult
to caterto thisrange.

Certainly therecanbe somechoicein practicaltasks. But lectureshave to compromise,
aimingatthemythical‘averagestudent.If thisis well done we canhopeto pacethe presenta
tion to abouthalf the class. Around a quarterwill find thingstoo fastandanotherquarterwill
bebored.

Thereareotherproblemswith thelectureformatfor thetype of learningthatis normally
requiredin foundationcomputersciencecourses.The main learningwill invariably happen
when the studentsactually write programsand get them working. Even aspectdike time
compl«ity analysisneedto belearntby doingthe analysis. Yearafteryear we have seenthis
problemreflectedn studensurwyswhereworkshopsandtutorialsareconsistentlyatedahead
of lectures.Asteachersyefelt frustratedat attemptingheimpossibletaskof creatingectures
suitedto therangeof students.

Anotherproblemwith the corventionalcoursefollowedfrom thestructureof the practical
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work. Like mary suchcoursesthereweresmallweeklyexercisesaswell astwo largerassign

mentsper semester The free form commentsn studentsureys madeit clearthat mary stu

dentssaw theweekly exercisesasfair but the largerassignmentastotally unfair. Thismaybe

dueto the structureof othercourseslike mathematicsiwherethelearningachiezedin weekly
taskss adequatéor thecoursegoals. We werevery concernedhatour studentdeableto inte-

gratethevariouselementdearntin eachweekof thecourseandusethemto solve programming
problems.

The move to OOP provided additionalimpetusfor re-examiningthe way that we taught.
An importantdimensionof the OO paradigmcomedsrom the writing of large programswhich
involve several programmerslf eachstudentdoesassignmentalone,it is moredifficult for
themto appreciat¢hisaspect.Certainly onecanprovidelargeprogramsasastartingframenork
sothattheindividualwork canhave moreof theflavour of typical OO projects.But thisis less
satishctorythangroupdevelopmentbf asystem.

1.2. The choiceof Problem-Based_earning (PBL)

Aswerefinedourunderstandingf theproblemswith thecorventionakeachingramenwork,
we identifiedthe elementof a significantlyimprovedstructure. Theteachingapproachwhich
seemedo offer mostpromisewasProblemBased_earning. Its literatureindicateshatit does
developjust therangeof learningwe wanted. See for example,[1]. PBL is mostcommonin
professionatiegreesespeciallyfhosen medicalndparamedicareas.Seminalvorkin moving
PBL to moretechnicaldisciplineshasbeenin theareaof ChemicalEngineering17, 18 19.

Before we describewhat this is, we needto explain whatit is not. We frequentlyfind
peoplewho claim to usePBL but they appeaito usethistermin a differentway from thelarge
andwell-established®BL community For example,mostcomputingcoursesnvolve setting
‘problems’'which studentsarerequiredio complete.We will referto theseasexercisedecause
they are small and well-defined. We usedthem extensvely in our old corventionalcourse:
therewereweeklyexerciseseachfocussedn particulardetailedaspect®f thecourseusually
onethat hadbeenon centrestagein the recentlecturestherewerelarger assignmentsvhich
integratedmary aspect®f the coursebut werestill quitetightly definedto the point wherewe
couldassestheir correctness our automatigradingsystem.

PBL involvesmuchbroademproblemswvhichinvolve alargersetof problemsolvingskills.
Critically, PBL placesproblemsolvingandmetacognitie skills at the heartof the curriculum.
Classtime is devotedto suchgenericproblemsolvingskills asdefininga learningplan, brain
stormingto get startedon a problem,reflection,articulationof problemsand solutions,self-
assessmenpracticein active listeningandothercommunicatiorskills. Theseaspectarealso
assessedndcontributeto thegradeawarded.

Problem-baselkarning(PBL) is learningby solvingalarge,real-world problem. Lectures
arereplacedby additionaltutorial andlaboratorytime. In our case staf areonly presentfor
onehourin thethree-houtaboratoryclass. Thisis necessarjo keepcostssimilarto thosefor a
corventionalcourse.

PBL hasbeendefinedasfollows [4]:

The principal idea behind problem-basedearning is that the starting point for
learningshouldbea problema queryor a puzzlethatthelearnerwishedo solve...
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Problembasedcourseausestimulugnaterialto engayestudentsn consideringaprob-
lemwhich,asfar aspossibleis presentedn thesamecontext asthey wouldfind it in
‘reallife;’ thisoftenmeanghatit crossegraditional disciplinaryboundaries.Infor-
mationon howto tackle the problemis not given althoughresoucesare availableto
assistthe studentgo clarify whatthe ‘problem’consistf and howthey mightdeal
with it. Studentsvork coopeativelyin a groupor teamwith accesdo a tutor whois
oftennot an expertin thefield of theparticular problempresentedyut someonevho
canfacilitatethelearningprocess.

Thisnotegherole of authentigproblemsself-directedearningcooperatre groupwork andthe
role of theteachemsfacilitator Anotherdescriptionfrom Biggs[3]

Learness are assignedto small problem-solvinggroupsand begin interacting with
teaders, pees and clients; they build up a knowledg basedon relevant material
and learn whee to go to seekout more. Studentsneetwith a tutor and discusghe
casein relationto the knowled@ they haveobtained. Theknowledg is applied,the
casetreated. Subsequent]yhere is a review procesgo ensue that learneis develop
self-mangementand self-monitoringskills.

emphasisethe very importantrole of PBL in developinglife-learninglearningskills, through
variouselement®f PBL. Critically, PBL coursesctively teachgenericproblemsolvingskills.
They aremorethanhelpfulskills whichwemighthopestudent$ringto theircomputersciences.
We allocateteachingimeto explicit instructionin variousgenericskills andwe assesthem. At
thesameime,we situatethelearningwithin the context of ComputerScience.

Examplesof the problemswe offer includesimulatinga roadnetwork, maintaininginfor-
mationaboutOlympic eventsandathletesandansweringarbitrarily complex databasegueries.
Theproblemsareopenendedandgroupsareencouragedo researctiheir subjectanddevelop
theirown specificationsindsolutions. A differentsetof problemss setfor the Advancedclass:
all requireresearctlinto techniqueslescribedn the ComputerSciencditerature. For example,
hereis oneof the problemswe have offeredin thefirst semestecourse:

We areplanningto openthe BasselSoftwareMart. Thisproblemrequiresassistance
in planningthecheck-outs Somepeoplethink thatthebestthingto dois haveasingle
gueuefor customersandthe persomattheheadof thequeuegoesto thefirst available
checkout.Otherpeoplethink it is betterto have an Expresgjueuefor two check-outs
for customersvho have lessthan6 itemsandanotherqueuefor the remainingfour
check-outdor all customers.

Your simulationwill allow theplannergo explorearangeof scenariosFor example,
customersarrive at differentrates,with a burst of thema little after openingtime,
anotherburstduringlunchtime andyet anothemearclosingtime. Also, somedays
are busier than others. It would also be good to explore other possibilities,like
cash-onlygueues.

In your demonstratiorof the final project,you will shav the simulation of two
differentwaysof managinghequeuesndshav how well eachdoesn termsof things
you considerimportant,like averagewait time for service,maximumwait time or
thelike.
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Suchproblemsrovide adriving forcefor developingmetacognitre skills: studentsnanagend
monitortheirown learning andreflecton how to dothismoreeffectively. Thefirstattackonthe
probleminvolvesstudentsletermininghefollowing:

*  Problemstatement currentunderstandingf overallgoal(s)

e Currentsubgoals

*  How youwill know youhave succeeded

Whatyoualreadyknow

»  Stepdotake,by when

*  Useof 3-hrclasstime

*  Useof 6-hrprivatestudytime

Finally, problem-basetkarninginvolvesgrouplearning.This senesaspartof thedevelopment
of skillsin communicatiorandco-operatre work. It alsomeanghat studentsieedto discuss

their knowledgeandapproacheandto justify decisions:this externalisatiorof understanding
andknowledgeis anaidto improvedlearning,especiallyin thatcaseof metacognitre skills.

Whenwe begandesignof our course PBL wasappealing.However, we werenot ableto
take its pureform wherethe studentspendheir wholedegreeprogramlearningin thisformat.
We neededo adaptit to our two foundationcoursesn an ervironmentwheremoststudents
spendonly a quarterof their their time in our PBL course the otherthreequartersbeingin
variousothercourses.

In summaryPBL is characteriseby:
* open-endedquthenticsubstantiaproblemsw~hich drive thelearning;
» explicit teachingandassessmermtf genericandmetacognitre skills;

e collaboratvelearningin groups.

2. Overview of foundation courses

This sectiongivesthe flavour of thetwo coursesdy describingthe way thatactvities are
spreadover the semestetheissuesassociateavith groupwork, assessmerandstaf develop
ment. We describehefirst semestem rathermoredetailsoasto communicatehe flavour of
ourapproach.

2.1. Semesterl: Intr oduction to Programming

Theapproachof the courseis to view programmingasbuilding modelswhich areimple-
mentedasclassesgachinstanceof which correspondto arealworld entity. Thesystermwill re-
peatedlyanalyseaneventthatcorrespondto arealworld changeandit will evolvein response
to thisevent.
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Thecourseobjectivesareformally setasfollows. By theendof thesemesteeachstudent

will beableto:

define a ‘simple’ classinterface and implementit, making effective use of the Blue
clasdibrary;

usecodequality andtestingstratgyies,including usinggood style,writing goodpre-and
post-conditiongeindclassinvariantsyunningandparticipatingn codereviews;

reasonaboutand explain the designof a systematiceconomicaland purposefultesting
stratg)y andevaluatetheextentandsuccessf a setof tests;

readandevaluatea classmplementationn termsof modularity codeindependencelass
interfacesclassrelationshipsgohesiongoupling,overloading;

utilise thefollowing genericskills:

* planlearningby formulatingthe problemsto be solved, establishinghe thingsthat
needo belearntandwhatis alreadyknown,definingstratgiesfor learningnew things
neededandmonitoringprogress;

» self-assedearningby developingstratgjiesfor testingnew programminghotionsand
makinguseof suppliedself-assessmentols;

» usereferencananualsandotherprintedmaterialto find informationaboutBlue;
» usethelibrary andthelnternetto find resourceselevantto a problem;

* demonstratéheability to write an Englishreportaboutthe designof a ‘simple’ class
andits testing,includingthe purposefor eachtestandthe basisfor selectingthatas
ameaningful,

» giveawell structuredbralpresentatiomboutthedesignandtestingof thesystenthey
have constructed,;

» work co-operattely, usingprogramming-by-contra@ndcommunicatingvith other
groupmembergo ensurethey know whateachis expectedo contributeto thegroup
effort andto assesghatcontribution.

Thissetof ‘Postconditionsis in the Resourcd8ook [Kay1999]andclassactvitiesreferto it so
thatstudentareconsciou®f whatwe hopethey will learnby theendof thesemester

Therearethreemainperiodsin thefirst semester;

weeksl-4,thestartupProbleml;
weeks5-11,mainwork on Problem2;
weeksl2-13 reflectve period,reportwriting anddemonstrationr Problem2.

During thefirst four weeksof thefirst semesterenrolmenis too volatile to form stablegroups
for problemsolving. Insteadwe presenthefirst problemasadry runfor whatisto come. The
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work in this periodis assessedntirely individually. However, studentsvork in groups,each
groupmemberdoing differentpartsof the problem. A passon Problemlis requiredbeforea
students allowedto join a Problem2 group.

This periodalsoinvolvesseveralgroupactitiesin eachweek’stutorial. Theseinvolve a
combinationof genericproblemsolvingskills aswell astechnicakkills. For example anearly
activity involvespracticein active listeningwith a partnerwho is doing problemsolving. We
usegenericmaterialstaken from Woods[19] but setthemin the contect of working out what
codefragmentglo. We carefullychoosecodefragmentsmoststudentsvill needto work outthe
answerswith theaid of the printedresourcesTheactvity endswith reflectionaboutproblem
solving styleandactive listeningskills, usingWoods’questionnairesStudentsareencouraged
to changegroupsfor eachactiity.

When studentsstart Problem?2 in week 5, they know much of their classwell enough
to form groupswhich are reasonablycompatible. We encouragestudentgo form groupsof
peoplewith diversebackgroundsstrengthandinterests.At the sametime, we offer arangeof
problemsandthegrouphasto agreeonthe problemthey will select.

We have alreadygivenanexampleof a Problem2 taskwith theBasseiSoftwareMart. All
thetasksrequiresimulationof a complex system.All canbe designedsothatthereis a small
coreof essentiatodein the mainsimulationdriver classes.Oncethisis written andworking,
variousotherpartsof the simulationcanbegin asvery simplestubclasse$n aworking system.
Thesecanbe upgradedasgroupmembersmplementmoresophisticatedersions. Thetutors’
taskis to helpguidestudentgo a designwhich is safefor the groupbecauséhe essentiatore
isimplementedkarlyandnoindividual studentanpreventthegroupfrom producingaworking
system.(Thistaskis not easywe have beenevolving stratgiesfor assistingutorsin thisrole.)

Thelong durationof Problem2 would requireconsiderabletudentdisciplineif students
wereto be expectedto work steadily againstweekly deadlinesn othersubjects.We provide
structureto the problemwith deadlinegor thefollowing stages:

* groupsubmissiorof structuralandfunctionalprototypesandsetof acceptanceests;

* individual submissionof a significant piece of code which contributesto the group
systemwherea passon this stageis requiredfor the studentto earnthe group marksof
theirgroup;

« afinalindividual submissiorof codewhich givesalarge partof the marksfor a students
practicalassessment;

» groupsubmissiorof thecodefor thesystem.

In parallelwith these gachstudentdoesadditionalsmall exercisesof their own choice. Each
weekthey seta planfor theseandin thefollowing week,assestheir achiezements.

In theory astudentn thePBL coursecoulddoavery similar sequencef tasksto thoseof
a corventionalcourse.Eachweekshouldhave themdoingan excercisein someaspecof the
course.In parallel they areworkingonthelargertask. Thedifferencebetweerthe PBL student
andtheircounterparin our corventionalcoursdsthattheformerdecidesvhattaskgodo. They
maywell getsomeassistancandguidancdrom thetutorin selectingataskfrom ourresources
or they mayinventtheir own tasks. Studentsnake commentsik e
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| knewn | could not write this loop for my problemuntil | had donea simpleoneto
print thenumbes 1to 10. Sol did thatandthenl could seehowto starttheloop for
theproblem.

Thefinal reflective part of the semesters wherestudentswvrite reportson the problemsolved
by thegroup presenthedemonstratiorandwrite areflectvereportontheirlearningwith their
weeklyplansassupportingevidence. Such'reflective’ experiencesreconsideredmportantto
deeplearningandarea standargartof thePBL approach.

2.2. Semester2: Intr oductionto Computer Science

The secondsemestehastwo tasks,eachrunninghalf the semesterA commonelement
in oneof theseis anoutwardfocuson people(“users”)while the otheris technocentricAs in
semestelf, we offer choicesn the problemdor eachtask,with careto offer tasksorientedto a
rangeof interestsincludingbusinesslife sciencesandengineering.

Theoutward-lookingtaskhasaninformationsystemsrientation. Thismalesit feasibleto
createtherangeof problemswve wantto offer. All involve inheritanceasa fundamentaid for
modelingtheentitiesmanagedProblemsarealsodesignedo ensurahatstudentsave practice
in thelanguageandtechnicalissuef managindiles.

This problemtype makesit naturalto incorporateethicalissuessuchaswho mightaccess
or modify data. It alsoprovidesa perfectcontet for issuesof scalability: sostudentsieedto
assesthespeedf thesystemastheamountof datagrows.

Examplesf theproblemchoicesare: managinga biodiversitysurney, managingnforma
tion for an entertainmenadvisor managingactvities for Olympic participantsmanaginghe
datafor a schooltimetable andmanagingoroductinventoryfor acomputewvendor In forming
groupsstudentsareencouragedtb find otherskeento work onthesameproblem.

The secondproblem in intendedto develop students’technical programmingskills,
especiallyrecursion.Herewe useparsingasthecommonthemein the setof problemsoffered.
Eachrequiregrocessingf someinputwhoseformathasbeendefinedrecursvely. Thismakes
arecursveimplementatiorbothnaturalandhigh payoff. At thesametime,thetaskintroduces
theuseof classesvhich do not correspondlirectlyto physicalentities. It alsoprovidesa good
contet for useof the Compositeobject-orientedlesignpattern.

Groups were re-arrangedfor this task. Choicesof problemsinclude: developing a
spreadsheencluding complex formulaedefining cell values;a queryinterface (modeledon
SQL)to takular data;a pretty printerfor a subsebf the Blue languagd10] usedin the subject,
aninterpreterfor a simpleimperatve languageor acompilerfor thatlanguage.

2.3. Learning resources

We have developeda rangeof resourceso supportthe learning. Oneimportanttype of
supports exampledor aproblemof thesamecharacter Thishelpsstudentseethepossibilities
for theproblem gainabetterunderstandingf theissuesandlearnbroadanddetailedtechnical
skills. Perhapsnostimportantthis seresasa startingpointwhenstudentarestuck.

We now describesomeof theseexamples. For the first semestesimulationproblem,we
provide onesimulationfor anecosystenandanotherfor alift (elevator)simulation. Thelatter
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in availableonlineandis alsoincludedin theprintedresourcéook sothatit canbeusedin the
tutorials. In addition,sincethisis thefirst large problem thefirst semestedevotessometutorial
andlaboratorytime to taskswhich help studentdearnhow to learnfrom examples. Thereare
getting-starte@xplorationactvitiesaswell astasksin exploringthestructureof a programand
seeindhow to getthebig picture. In tutorials actwvitiesinvolve studyof thedetailsof theprinted
exampleswherethis involveslearninghow to learnnew programmingechniquesidiomsand
languagdeaturedrom examples.The examplesupportinghe semeste® informationsystems
taskmanagestudentgradedor a university.

Onlineresourcemcludea self-assessmestte wherestudentsantry out taskswhich are
typical of thestandardhey mightexpectin theexaminations.Thesitealsohasseveralexample
answersand assessmerntriteria. If they asses®ne of theseanswersthey canalso seeour
assessmemndanannotatedorm of theexample.

We have written chaptersn the text andresourcébookson technicalaspect®f program
ming. Thesaunthegamutof languagessuegrom dataandcontrolflow to inheritanceinclud
ingwhennottouseit. Therearebroadetechnicathapter®naspectsik e codeclichesandsoft
wareengineeringssues.We alsoprovide articleson the otherissuesn problemsfor example
ethicsandasymptotiauntime estimates.Thereareclasstime discussiorguestion®n theses-
suesaswell asthepragmatic®f additionalskills requiredin the problem for examplepreparing
oral presentationandreportwriting.

Academicstaf presentveeklyseminar®nthemajorissuef theproblem. For example,
in the information systemsproblem,thesedeal with inheritancejnformation systemsn the
industry persistanstorageandscalability

2.4. Assessment

Assessmenhasa critical role in any course. This and the role of criterion referenced
assessmefhtasbeendescribedy Biggs[3, page68]:

Assessmernn practicehastwo functions: to tell uswhetheror not theleaninghas
beensuccessfulndin corveyingto studentsvhatwewantthemto learn...

In a criterion-refelencedsystentheobjectivesare embeddedh theassessmenasks.
So,if studentdocusontheassessmerthey will belearningwhatthe objectivesay
they shouldbelearning

We have beenvery carefulin thedesignof our assessmeng&ssentiaklement®f our approach
are:

e criterionbasedassessmergo we statecarefully what we want studentwork to demon
strate;

» equalmarksfor examandpracticalwork sothatstudentseethatwe equallyvaluethese;

» within the practicalwork, equalmarksfor the individual andgroupwork sothat students
seewe value both equallyand sothey aremotivatedto performbothindividually andas
groupmember;

* groupassessmeifibr tasksassociatewvith groupactuvity, suchasgroupplanning/manage
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mentandcoordinationrandthegroupdemonstrations;

* individualassessmeifibr code accordingo theusualcriteriafor designcorrectnesstyle
anddocumentation;

» barriersin practicalwork wherethe individual must perform sometasksto an adequate
standardbeforethey may move on, and beforethey are entitledto the marksearnedby
theirgroup;

* minimum performancerequirementdor both examinationand practicalwork so that
studentzannotpasunlesshey achieve thatminimumstandardn both;

*  genericaspectsare assessedn the examinationaswell asin the practicalwork both
becausavewantto asseskarningn theseareasndwe wantstudents$o know we seethem
asimportant.

Much of ourwork in thisareais relevantto arny course.An exampleof themarkingschemedor
onepartof theassessmeris includedin the Appendix.

2.5. Staff development

A moveto PBL callsfor aradicalshiftin therole of teachingstaf. In alargefirstyearclass,
thismeanghatintroducingPBL requiresasignificantinvestmentn staf development.Wehave
addressethisin four mainways:

* literatureaboutPBL,;
» staf developmentsessions;
e scriptsfor teachingstaf;

* teachingnentors.

Thefirstis theeasiestpproach.However, it haslimited value. First, it is difficult for peopleto
makethetimetoreadyetanotheisetof papers.Moreimportantly aswefoundin theearlystages
of usingPBL, the mentalshift requiredis hardto achieze from merelyreadingpapers.It is too
easyto fall backon previousteachingandlearningexperiences.

We havefoundthatintensve staf developmensessionprovide anexcellentstartingpoint.
We run thesefor threedays,with morningsdevotedto classroomsessionsnd afternoongor
practicalactvities. Themorningsessionsiregenerallyattendedy mostof thestaf, including
experiencedPBL teachers.Thesepeoplecan be spreadthroughthe groupsusedfor most
sessionsLessexperiencedtaf areencouragedb do additionalwork in theafternoons.

Once the semesterstarts,we continueto supportstaf with detailed scripts. These
mapout
e preparatioriutorsshoulddofor their classes;

* anexperiencedeachersassessmerf thelikely concernstudentsvill have atthis stage,
especiallywherethis relatesto problemswe know studentswill have with acceptinghe
strangenessf PBL,;
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» tipsfor dealingwith theseproblems;

* how to run eachactvity, in termsof how long eachaspectshouldtake, what students
shouldachieve in that time, what to do if studentsare not progressingasthe schedule
saysthey should,how difficult studentgypically find the actvity, whatresourcesupport
theactwity;

* explanationdor our designof eachof theactvities sincewe needthe commitmentof the
teachingstaf andwe needto be surethey appreciatehe purposeof learningactvities.

Thefirst weeksof the first semestehave very detailedscripts,up to eight pagedong. As the
week progressthe guidelines suggesimore choicesfor the teacherto make andthereis less
detail. By theendof thefirst semestetheoutlinefor aweeksactuity is usuallytwo pagedong
andin secondsemestefformal scriptsarenot provided. Staf feedbackndicateghatthislevel
of supportis appreciatedgspeciallyby thoseteachingor thefirst time.

Thefinal supportcomedrom structuringthe coursento sectionsyith anexperiencednd
committedpersonas SectionLeader This personhasweekly meetingswith the four or five
tutorsin their section. This givesnew staf the opportunityto discussproblemsthatthey and
their studentarehaving. Thegroupcandiscussvaysto dealwith these.

3. Trial implementation

Sincetheshift from a conventionalcourseto PBL is soradical wefirst trialled PBL with a
smallgroupof studentsn 1996. Benefitsof thetrial were:

» carefulevaluationof it wasto inform thedecisionto move to PBL (or not);

* weneedednopportunityto learnhow to runa PBL courseandatrial groupwasbetterfor
thisthanalargeclass;

* whenwe werereadyto move to full implementationof PBL, the trial provided solid
answersto the questionsof studentsand staf who were concernedabout difficulties
they encountered,;

* and,althoughwe hadnotanticipatedt, its resultshelpeduswhenwe metchallenges the
full implementatiorandwe, oursehes,sometimesgjuestionedhewisdomof PBL.

Thetrial involvedaninitial groupof 42 studentshoserrandomlyfrom a pool of volunteersit

wasstafed by oneof usandoneregularCS1tutor. It wasstructuredsimilarly to theformatwe
have describedor thecurrentcoursealthoughwe haverefinedmary detailsoverthethreeyears
of full implementation.

Our trial implementationwvas complementedy an extensve evaluationundertalen by
staf with professionaéxpertisein theevaluationof highereducatiorcourses Herewe address
threeissues:

* assurancehat the PBL studentswere not less competentat programmingthan main
groupstudents;
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* evidencethat the additional genericskills that PBL is designedfor were in fact be
ing learnt;

» dataaboutstudentsattitudesandperceptionsowardsPBL, sincethey canhave a marked
effectonlearning.

For ethicalreason#t wasnecessaro selectthe PBL streanfrom volunteerssowe cannotrule

outself-selectiorbiasaltogether However, we cansaythatthe PBL groupis typical of themain

groupin ability,asmeasuredy the TertiaryEntranceRank(TER),asinglenumbersummarising
theperformancef eachstudenbntheuniversityentrancexaminations.For themaingroupthe

averagel ERwas80.9with standardieviation9.2. ForthePBL grouptheaverageTERwas81.2

with standardieviation 9.6,a differencethatwasnot statisticallysignificantat the 5%level.

It wasnecessaryo usePascalin thetrial sincethe studentsieedeccompetencen it when
enteringsecond/ear sotheexpectedsynegy betweermproblembasedearningandobjectorient
edprogrammingcouldnotbeassessedOntheotherhand studentsn bothgroupssatthesame
examinationsandthesesxaminationresultsprovide anexcellentbasisfor anobjectve compar
isonof theoutcome®f thetwo groups.

3.1. Outcomesof the first semester

Ouranalysiof theresultsof thefirst semesteexaminationfoundno significantdifference
betweertheperformancef thePBL groupandeitheragroupfrom themainCS1iclassnatched
onthebackgroundrariablesof academi@chiezementandpreviouscomputingbackgrounder
themainclassasawhole. Whentheresultsof individual examinationquestionsvereanalysed,
onequestionwasansweredaignificantlybetterby maingroupstudentgnot surprisingly since
thatquestiorrelatedto aspecificway of draving datastructuresasusedn lecturesandthiswas
notusedn thePBL streampndonequestionvasansweregignificantlybetterby PBL students
(for no clearreason). Theseresultseffectively answerconcernghat eliminatinglectureswill
reducestudentearning.

We notethattheexaminationwassetby thelecturersof themainCS1class.As onewould
expectthismeanthatthe particularapproachesf thoselecturersvasreflectedn thequestions
set. Thatthe PBL studentsachiezedthe samelevelsof performancesthemainCSlclassis a
quite positve outcomefor the PBL trial.

Onthesecondssuethelearningof genericskills, we donothave quantitatve comparisons
betweerthe mainandPBL groups;but in mary caseghereis no basisfor suchcomparisons.
PBL studentsvererequiredto designplan,implementfest,manageandreportonalargegroup
softwareproject. No comparablelemandsveremadeof studentsn themaingroup. Thisisa
crucialadwantageof PBL: thatwithoutlosingary of thetechnicalskills, it makesroomin the
coursefor actvities that encourageyenericskills. We would have liked to assesshe generic
problemsolvingskills, asfor example hasbeendonein thecaseof anintroductoryengineering
coursg15]. Ourlimited resourcesnadethisinfeasible.

To addresshethird issue studentperceptionandattitudeswe conductecan open-ended
guestionnaireat the end of the first semesterin which we asled studentsto completethe
statementAfter onesemestenf computersciencemy attitudeto this courseis ...”. Answers
werecodedon two scales:how the studentdelt they wereengagedin meaningfulearningand
theiremotionakesponseTheanswersvereanalysedy a graduatestudentrom the Facultyof
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Educatioratouruniversity underthedirectionof theauthorfrom thatfaculty ThePBL students
werecomparedgainstthematchedyroupfrom themainCS1iclass.

To analysethe students’responsedgrom the point of view of learning attitudes,the
responsewerecodedin thefollowing classes:

Class Example

A. No meaningful “l feell have greatdifficultiesin learningthis coursel considerthe
learning speedf everythingtoofast.| mightdropout”

B. As A but hopeful “The work loadis veryheavy andl feeldisheartenebtut | supposéf

| keptatit, I'd find it alot easierto cope’.

C. AsA butimproving  “It isprettygood.l find it difficult sometime$ut oncel have worked
it outit is enjoyable”

D. Meaningful “Learningall thetime! Thebestandmostenjoyablepracticalcourse
| have enrolledin sofar!”

Conclusionsnustbe cautiousecaus®f thehigh percentagef studentsvhofailedto respond.
However, asindicatedby thegraphbelaw, thelargestproportionof PBL studentsvhoanswered
werein themeaningfulearnercategory:

No Data—

Code D
Code
Code B = % of CS1-matched
o % of PBL
Code A
0 20 40 60

Percentagef class

Thesecondanalysiscodedtheresponsefor theiremotionalkcontent:
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Class Example

A. Despair “l feelverydepressedndanxiousaboutthiscours€. “I'm surel’m goingto fail
andthereisn’t anythingl cando aboutit.”

B.Dislike  “I donotlike computersciencé. “Disheartenedt wasnt whatl expectedandl
cant imagineworkingwith computersrny more’

C.Bored “It isveryboring” “This courseis very slow anddull.”

D.Hopeful “Sometimed feel overwhelmedby the work, but | feel betterwhensomething
goesight”

E.Positve  “Positive, | think I'm goingto make it.” “It' s good overall, | feel betterwhen
everythingis goingwell.”

F. Great “I love this course,it is my favourite” “This courseis far more varied and
enjoyablethanl would have imagined:

Theresultsare

No Data—

Code F:
Code
Code D
Code
Code B = % of CS1-matched
o %of PBL
Code A
0 20 40 60

Percentagef class

Onceagain,we needto notethelargenumberof non-responsed-or theotherswe canseethat
the more positve emotionsare expressedy larger proportionsof the PBL group. Similarly,
smallerproportionsof the PBL student®xpressedhegative emotionakesponses.

In interpretingthesecomparisonst mustbe rememberedhatthe PBL coursewasa first
prototype. It sufferedfrom severalteethingtroublesthatdid not afflict the mature established
course.Ontheotherhand staf enthusiasnfior thenew coursewasvery high.

3.2. Longer term follow up

Fundingfor thedetailedanalysiof thetrial coveredthefirst semesterSothemostdetailed
analysesarefor thatsemesterWe alsocomparedhe resultsfor the secondsemestepractical
examination. Thiswasathree-houexaminationduringwhichthestudentsvorkedindividually
ata computerterminalon a previously unseerprogrammingproblem. Studentsvho failedthe
examinationhadanopportunityto try again later.

Thepercentagef studentpassinghefirst sittingof thepracticalexaminationwas48.5for
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the PBL group(with averagemarksof 55%andstandardieviation of 40.5%),and48.1for the
main group(with averagemarksof 58%andstandardieviation of 38%). The differencesare
not statisticallysignificantatthe 5%level.

We analysedthe longer term performanceof the studentsn the PBL trial. Of the 42
studentsvho beganfirst year 22 completedsecondyearstudiesand 16 studiedthird yearlevel
subjects.With sucha smallsamplepneneedscarein interpretingstatisticalcomparisonsvith
themainclass.

3.3. Examination performanceand continuation rates

Analysisof examinatiorresultsshavsnosignificantdifferencebetweerthetrial groupand
themainclass.

A similar studyof thecontinuatiorratesfor thetwo groupsindicateaslightly higherreten
tion to secondyearlevel for the PBL groupandthena slightly lower level for the PBL retention
to third yearlevel. This might be consistenwith a positive first yearexperiencefollowed by
a morenegative perceptionof the secondyearunits. Thesewereall taughtin a corventional
format. Perhapsnoreimportantly at secondyearlevel,the PBL trial groupwerepartof alarge
classddominatedythosewhohadstudiedn thecorventionalformat. Lecturersvouldhave have
tendedo bemostresponsieto thebulk of theclassperhapdeinglessawareof thosefrom the
PBL trial group.

3.4. Affective measures

In 1999,we undertooka limited studyof the long term affective aspects.Two groupsof
studentswere invited to completean open-endedjuestionnaire.One group wasthe thirteen
studentavho beganfirst yearin 1996andwerein the fourth yearHonoursclassin 1999. This
includedtwo studentdrom the PBL trial group. In addition,5 hadbeenin the first semester
Advancedclasswvhichwasin PBL format. Theremainings hadbeenin thecornventionalcourse.
Thesecondyroupapproache@vasthosestudentsrom the 1996first yearclassandstill studying
third yearlevel unitsin 1999. Thesestudentsadtaken morethanthe minimumtime to reach
third yearlevel. Thismaybedueto arangeof reasonsFor example somestudiedin combined
degreesvhereit isnormalto studythird yearlevel subjectsn thefourthyearof study Othershad
failedsubjector takentime away from their studies.All suchstudentsveremailed. Responses
werecollectedfrom 6 students4 from the corventionalcourse 1 from the PBL trial groupand
1 who hadbeenin the Advancedfirst semestecoursein PBL format. We cannotclaim these
groupsasrepresentatie of the classasa whole. However they arediverse. Also, the students
who studyin theHonoursclassareimportantasfutureresearcherandtop students.

The questionnairasked openendedquestiondike: ‘What do you remembemboutyour
first yearof ComputerScience’.‘What do you think werethe positive aspects?*What doyou
think werethenegative aspects?’

Therewerecleardifferencesn the charactef the answerdrom thosewho had studied
in PBL formatcomparedwvith thosein the corventionalcourse.For thosein the corventional
courseanswerdgocusedon the specificlanguageandlectures.

| remembetearningPascal Thatis notto sayl remembePascal
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Fairly well pacedexceptfor tracingby XXX,pointers by XXX andfilesby XXX

They recalledthe positive aspectsn the sameterms citingsaspectdik e learningprogramming
skills asapositive experience.Negative aspectsverevariedbut involvedmachineresourceand
specificlecturers.However, onerecalledthatthey “didn’t getto know mary people”.

The studentswho had studiedin the PBL format had broaderanswersincluding as
pectslike “friendship” and“group discussionaswell asworking on “challengingproblems”,
“self-directedlearning”andthe “group work”. Somecommentedn the selfpacedand self-
directedearningasa positive aspectFor example,

learningthingsby myselfis mud betterthanbeingspoonfed by lecturers.
Anotherrecalledthe positive aspectas:
anythingPBL ....it wastheonly stuf | remembexdandit wasfun

it reallywasalot of fun....it wasa rapid introductionto programmingand morewas
learntin compScthanin anyof myothersubjects

Groupwork was cited with both positive and negative comments.Studentdiked the small,
helpfulandfriendly environmentof PBL. Negative commentsncluded

difficult dueto lazyteammembes
[being] held bad/sloweddownby thegroup

On the other hand,one memberof the trial group had extremely negative memorieswith
commentdike:

wewere taughtnothingand had to learn everythingaboutPascalourselves..it was
too mud of a burdenespfor peoplewhocameto uni with no previousprogramming
experiencenor knowled@ of a computer

without no oneto eventead you the basicsat least,you gaveup after a while ... a
hopelessituation

whatever| learnt| learnfromotherstudentor learningmyself

and this studentflatly statedthat therewas nothing positve abouttheir first year computer
scienceexperience.

Many PBL coursegeporta minority of studentsexpressingthis view. Suchcomments
correctly identify someaspectof PBL. Unfortunately they also indicate a failure to help
studentsseethe advantageof this style of learning. They alsoindicatethe needfor better
scafolding for students.

Negative aspect®f PBL emphasisethelack of guidelinesandfeedbacklack of structure
andtheuncertaintyasto whatexactlywasexpected.Othercommentsncludedhaving problems
with the structuredexam.

A largely consistenpicture emegesfor the studentsvho had studiedin the semested
PBL formatAdvancedlass. They likedtheintellectualchallengesindopen-endedness PBL.
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They identifiedgroupwork asusefulandpleasurabléut alsoasa sourceof frustration.

4. Experiencesfrom full implementation

In threeyearsof full implementationwe have refined the coursesconsiderably One
would have expectedhiswith any nen coursesevenoneswvhichonly involvedamoveto anewv
programmindanguage.However, with theradicalshiftsinvolvedwith the move to PBL, there
hasbeenmorelearningon our part.

For example,the assessmentriteria are particularly importantin our PBL courses.A
cornventionalcoursecan get by with vagueassessmertriteria, althoughit is wise for every
courseto make bestuseof clearassessmeititeriato helpcommunicatéhelearningoutcomes
required.In PBL, with thevery generaproblemstatementasa startingpoint,it is all themore
critical to give studentsavery clearunderstandingf how they will beassessedOneof thewell
acknavledgedproblemghatstudentseportin PBL is thatthey areunsurenowv muchthey need
to know, how farto exploretheir problemsandwhenthey canreasonablgtoplearning. We have
addressethisdifficulty with acarefullycraftedsetof assessmeméquirementsWe continueto
improve aspectséik e thisaswe gain experience.

At thisstagewe have evaluatedseveralaspect®f thecourses.We now reportthese.

4.1. Learning outcomes

Thefollowing setsof graphscomparehe resultsof second-semestekaminationsn the
lastnon-PBLyear(1996)with correspondingesultsn thesecondull PBL year(1998). There
hasbeena substantiaimprovementin basicprogrammingcompetence:

ProgrammindL996 ProgrammindL998
o 038 0.8
c
§ 0.6 0.6
% 04 0.4
S 02 0.2
>
0.0 0.0 | f
0O 20 40 60 80 100 0O 20 40 60 80 100
Marks(mean63.0) Marks(mean91.1)

The two questionsare list traversal problems;the questionsare different but they are of
similar difficulty. We believe thatthisimprovementis partly dueto our new software the Blue
programmingervironment[12] Cite $kolling19989. It is alsopartly dueto the new curriculum,
whichreturnedorogrammingo the centreof thesecondsemesteunit of study

Improvementshave alsooccurredin questionson topicsoften thoughtto be beyond the
graspof theaveragestudentsuchastime compleity analysis:
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Analysis1996 Analysis1998
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Thesequestionsagain are of similar difficulty. Anotheradvancedtopic, and a key skill for
studentgprogressingo secondyeatr is recursion:

Recursionl996 Recursionl 998
o 05 0.5
S 04 0.4
5 03 0.3
R 0.2
o 01 0.1
O\O . .
0.0 0.0

0O 20 40 60 80 100 0O 20 40 60 80 100
Marks(mean37.8) Marks(mean47.0)

Althoughwe clearly have morework to do here the 1998recursionquestionasksthe students
to write arecursve descenparserandthusis considerablynoredifficult thanthetreetraversal

guestiorfrom 1996. Thesamprovementhave occurretbecauséhesegopicsarenow integrated
into the secondsemesteproblemswhereasn the old unit they wereburiedin lecturespoorly

attendedandpercevedasirrelevantby mary students.

4.2. Affectiveaspects

Eachyear we surnwey studentsn the middle andend of the first semestecourseand at
the endof the secondsemestecourse. Studentsndicatesatishctionwith mostaspects.The
seminargonsistentlyratelesswell thantutorialsandworkshops.We have revisedthe content
andstyleof seminar®overtheyearsandstudentsatishictionhassteadilyimproved.

Suneyshave beenusedo inform refinemenbf thecourseandthey haveindicateda steady
improvementin studentresponsesHerearesometypical responsesummariegor 1999. The
scaleis 1=verylow, 2 = low, 3= average4 = high,and5 = veryhigh:
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How muchdid you learnin thiscourse? How interestingdid you find thiscourse?
100% 100%
80% — 80% -
60% — 60% -
40% — 40%
20% - 20%—
0% — 0% -
1 2 3 4 5 1 2 3 4 5
Responses461; average3.7 Responses460; average3.5

Looking throughthe free text responsespnly a handful of respondentsare clearly unhapgy
with PBL or otheraspects.Many studentgave constructve suggestionsWhenasled ‘What
wasthe bestthing aboutthis course?’ the mostcommonresponsesvere: groupwork; PBL;
open-endednesmndrealismand challengeof the work; learningto program;object-oriented
programming.Whenasked ‘How canthis coursebe improved?’,the mostcommonresponses
were: moreandfasterterminalsichangeo arealworld languagelightenworkload,especially
earlyon;dosomethingaboutgroupmembersvho do notdotheirfair share.

Tutorfeedbackhasindicatedevenfurtherimprovementin theunit. For example onetutor
who hastaughtsince1997commented:

Ovenll | feltthisyearwentbetterthanpreviousyears.l sawstudentsvhowereusing
Files,Lists,HashBblesandall kindsof thingsthistimearound but lastyearsawvery
little. | alsosawa lot of codere-useStudentsn myclasswere pulling apart Michael
Koelling’s Earthsimulatorand Gary Capell’s elevator simulatorandlearningheaps
fromthem.

The mostimportant areas for improvementare the manajementof the process
aspectsensuringthat studentsvork more steadilyandreflectontheir learning

Thenew criterion-basedassessmemeedguning

5. Relatedwork

Our adaptationof a quite pure form of PBL to teachingfoundationcomputerscience
courseseemdso benovel. However, therearemary element®f othercomputersciencecourses
which sharesomefeaturef our approach.

For example abouttenyearsago therewasaninnovative problem-basebkarningcoursen
Bachelorof Informaticsdegreeat Griffith University[13]. It hadaverydifferentemphasiswith
thesocialcontect of computingbeingequalto thetechnicalcore. With time, this courseended,
dueto variousdifficulties,includingthe departureof somekey staf membersandantipatly to
PBL by others.We havetriedto learnfrom thiseffort. Ourtrial wasimportantfor building staf
support. We have alsodevoted considerablesffort to staf developmentboth to improve the
teachingandto improve staf acceptance.

We have alsobeenableto learnfrom the applicationf PBL to Engineeringorogrammes
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suchasWoods[17, 18 19 andmorerecentcasedike ReevesandLaffey [15]. Althoughmuch
of thatwork isnotdirectlyapplicableit is closerto our situationthatthelargerscaleuseof PBL
in themedicalandparamedicaareas.

Therehasalsobeena ComputerSciencecoursetaughtwith successn an Aeronautical
Engineeringuniversity[7]. Inthatcasetherelative consistengin thestudenpopulationrmakes
the coursedesignproperlydirectedat the needsof aeronauticaéngineering.This appeargo
have helpedstudentappreciateheusefulnessf thismaterial.

More seniorlevel coursesommonlyhave variousdegreesof PBL flavour. In particular
most ComputerSciencemajorsdo a seniorlevel coursein whatis often called Software En
gineeringor may be calleda capstongoroject. We emphasiséhata basicprincipleunderlying
suchcoursessthatthestudenthavelearnedhebasictechnicakkillsneededor theprojecttask:
thegoalof the courses to give themthe opportunityto gain practicein integratingthoseskills
learnedin variouscourses.This is quite differentfrom PBL wherethe problemis the driving
forcefor new integratedearning notjusttheintegrationof existingknowledge. In practice pf
coursewe find that suchcourseslo involve considerabldearningof new skills requiredfor
thetask,aswell asbuilding on existing knowledge. Suchcoursegypically requireanddevelop
genericskillsin communicatiorandproblemsolving,thoughthe explicit supportof thatlearn

ing may not be provided. In practiceif notin philosoply, theseseniorcourseshave a strong
PBL flavour.

Artificial Intelligencenasalsobeerntaughtusingproblembasedearning14]. Severalother
recentinitiativesin ComputerScienceaducatior2, 5, 6, 9, 16| have element®f problembased
learning. To our knowledge however, we arethefirst groupto createanentirelyproblembased
firstyearComputerSciencecourse.

6. Conclusions

We adoptedproblem-basetkarning notfor its own sake,but becauseve saw thatit would
fosterthefollowing goals.

An integrated curriculum The educationaliterature warnsagainst compartmentalized
unitsof studythatproducestudentsvho cannotintegratethedifferentpartsof theirknowledge.
Althougha fully integrateddegreewasbeyond our scopethe earliercorventionalfoundation
coursehadcompartmentghat boreout the literatures predictions. The new coursesarefully
integrated sincestudentsring all their knowledgeto bearon solvinga few large problems.

Competencen computeprogrammingusinga modernobjecterientedprogrammingan-
guage and ervironment.Thisis our maintechnicalgoalandthe onestudentaremostmotivat
edto achieve. We have madethis goal centralby structuringthe unitsasa sequencef large

programmingproblemsandrequiringour studentso usethe‘Blue’ programminganguagend
ervironment.

Ability to enhanceprogram quality by using formal methods.This goal suffered from
compartmentalizatiom the old units. We have integratedit with programmingoy adoptinga

programmindanguagevith featureso supportt, usingthemroutinelyoursehes,andrequiring
our studentgo do so.

Ability to analyseherunningtimeof programsandto produceprogramswith low running
times. Thiswasanothewictim of compartmentalizatioim the old units. Oneof our problems
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requireshandling large quantitiesof data,and so studentsmust masterthesetechniquesf
their programsareto be efficient. We supporttheir learningwith tutorial exercisesatext book
chapteranda seminar

Ability to userecuision Recursionis an importantconceptuatool and programming
techniqueandtraditionally a difficult topic for novice programmers.Oneof our problemsis
inherentlyrecursve,sothatstudentsnustmasterecursionin orderto solveit. We supporttheir
learningwith severaltext book chaptersseminarsandtutorials.

Independencandinitiative. Theseareimportantgenericgoalsbecausé¢heold unitswere
widely criticizedfor stifling them. The problemswe offer arelooselyspecified)eaving plenty
of scopefor studentinitiative. Studentsliscover they canlearnby themseles,usinga range
of resourcesThey areaidedin learningto do this becaus®f the PBL planningstructuresand
tutorialswhich developmetacognitre skills.

Critical thinking and problem solving Theseare crucial to effective programming,
especiallyat the higherlevelsof analysisanddesign. We ensurehat studentencountethese
higherlevelsby having large projectsrequiringcarefulanalysisanddesign. Oneof our tutors’
mostimportantrolesis to guidestudentsn learningtheseskills asthey work onthe problems.
We alsoprovide tutorialsto helpstudentslevelopgenerigproblemsolvingskills.

Theability to work in a group. This is importantfor employers;successfufjroupsalso
increasestudents’confidenceand initiative. All our problemsafter the first four weeksare
groupproblems.We supportgroupsby identifying specificrolesfor groupmembersproviding
classtime andguidelineson groupmanagementnonitoringgroupplanningandprogressand
assigningnarksfor groupmanagemerandreflectionon groupprocesses.

Communicatiorskills. Thisisanotheigoalhighly valuedby employers. Studentsvorking
in a groupnaturallylearnto communicatevith oneanother At the endof eachproblemthe
studentgyive a demonstratiorguringwhich eachstudentmustspeakanda writtenreport. We
alsorequireappropriateenglishcommentaryvithin the studentsprograms.

Planning Real-world programmingprojectsarevery large,and mostfailuresaredueto
poormanagemerratherthantechnicalproblems.To exposeour studentgo thesassuesye set
large problems(7—10weeks'work by a groupof four or morestudentshndassesgroupand
individual planningaswell asproduct.

PBL fostersgenericskills suchasgroupwork - alsonecessaryor a full appreciatiorof
object-orienteghrogramming planning problemsolving,independentearning researciskills,
writing, andoral presentationTheseareUniversitygoalsandalsohighly valuedby employers
in thecomputingindustry PBL allows studentgo achiase far morein their programminghan
waspossiblewithin thesmall,individualassignmentsf theold units;andit virtually eliminates
plagiarismalong-standingproblemin thecorventionalcourse.
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Appendix A. Examplesof teachingmaterials

A.l. A criterion basedmarking scheme

The markingschemebelaw is from the first semesteResourceBook, 1999. We actually
usethismarkingschemeo dothemarking,andit istherein theworkbookfor students$o consult.
Not only doesthis ensurethat studentsareinformedaboutour intentionsjt actsasa powerful
communicatorof what it is that we value. It also communicateshe qualitatve difference
betweerthedifferentgradeswarded.

Notethatyoumustearna Passgradeon Problemlin orderto gain certification. (And youmust
have certificationon Probleml beforeyou canbegin Problem2.)

Criteria for a Passin Problem 1
To earna Passgrade thesubmissiomusthave all thefollowing:

* It mustbeginwith asignedstatementhat‘the codeyou have submittedvasentirelywritten
byyou’. (If youneeded significantamountof helpfor any otheraspecbf thecode,you
shouldexplainthatnearthis signedstatement.)

*  Yourcodeshouldbedemonstrablyableto dothejob it is supposedo do:it mustwork.

. Your submissiommustincludeonewholeclass.
*  Yourcodemustmake useof atleastoneloop.
. It mustmake useof atleastoneif-statement.

. It mustmake of atleastoneLList.

»  Eachclassmusthave acommentstatingwhatit does (It mustactuallydothis correctlyto
bejudgedworkingandthecommentshoulddescribeaccuratelywhatit does)

*  Youmustsubmita Testreportwhichlist thetestsyoudid to corvinceyourselfthatit works
correctly:maximumlengthis 100words.

* Inyour3-hrlabyoumustdemonstratéhatyour codeworksby doingthesdestymaximum
timefor thisdemois 5 minutes).

Additional crieria for the grade Pass
At leasthalf of thefollowing musthold:

»  Theclassinterfaceshouldstatethe authorandsource®f significantaspectgfor example,
if it is basedninformationfrom anaccountingook,it shouldgive thereference)

*  Theclassandeachroutineshouldhave comment®xplainingwhatthey do.

»  Eachroutineshouldhare comment®xplainingwhatthey do. It is usuallya goodthingto
explaineachroutinein termsof its parameters(eg ‘deposit’acceptan‘amount’in dollars
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whichis depositedn theaccountwith adepositfeededucted.)

Namesfor classestoutines parametersandvariablesshouldbe helpful (eg Accountis a
goodnamefor abankaccountlass Snazzis not.) Choiceof identifiersshouldfollow the
styleof examplesn thetextbookandin theclassdirectories.

Thereis anattemptto write precondition@ndpostconditions.
Layoutmustbeconsistenandclear with indentatiorshaving codestructure.

Thereshouldbe helpful commentshroughthe codeasneeded.

Criteria for a Credit

All therequiredandadditionalcriteriafor a Passplusmostof thefollowing:

All theBlue controlstructureshouldbeappropriatdor thetask.

Thereshouldnot be tediouscode(for example,it is a badideato use30 print statements
if youneed30 lines,eachwith the samestring- asa nascentomputerscientistyou must
sensdhattherehasto bea betterwayto dothis,andbedeterminedo find it.)

This aspectmeanghat presentatiorof the codemeanghe readercanunderstandt with
minimal effort.

You have acknavledgedsourcesand resourcesvhich informedyour work on the code.
Althoughyoushouldhave writtentheclassyourself youwill nothavedoneit in avacuum.
For example you mighthave modelledyour codeon someof theexamplesn thetext orin
our examples.You mighthave usedvariouslibrary classedjke LList or random.

Testingis corvincing (within 200word limit), statingthe purposeof thetest;theinputfor
thetest;the expectedoutputor behaiour; obsened behaiour. A takular presentations
probablya goodidea.

Criteria for a Distinction ++

All therequiredandadditionalcriteriafor a PassandCreditplusmostof thefollowing:

Codeshouldbeclearandsimple.

Eachroutineshoulddoawell definedaskthesameonedescribedn itsinterfacecomment),
have goodchoiceof parameterandgoodidentifiers.

Codedoessomethingnterestingandchallenging.
More sophisticatedlue aspectsised(eg nestedoops,morethanasingleLList)
Testingin reportanddemoareminimal andelegant.

Eachtestshouldtestadifferentaspecbf theclassandthe‘purposeof thetest’shouldmake
thisclear
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A.2. A conceptinventory

Task A Concept Inventory

Use this inventoryto summarizewhat you have learntin Task A, andto find gapsin your
knowledgecomparedvith whatis expected.Youmighalsowishto review theconcepinventory
in the Problem1work bookfrom COMP 1001. Scoreyourselfagainsteachitemlik e this:

I’'ve never heardof it

I've heardof it but know nothingmorethanthat
I know thiswell enoughto try to applyit

I know thisandl canapplyit

I know thiswell enoughto explainit to afriend

arwbhE

Scoe | Notesonwhatto doaboutthisitem

Inheritance
Why inheritances needed
How to getinheritance
Deferredandredefinedroutines
Polymorphism
Staticanddynamictype
Assignmengattempt(?=)
Inheritanceandcreation
Inheritanceof contracts
super
File handling
Thelifetime of routinespbjectsfiles
TextFleHandleandFileSysHandle
Scalability of software
Why scalabilityis important
Worstcaseandaveragecase
O-notation
Calculationawith O-notation
0(1), O(logn), O(n), O(nlogn), O(n?)
Analysingroutines
Effectof algorithmsandlibrary classes
Ethical awareness
Identifyingusersandethicalissues
Effectof ethicson softwaredesign

34

Page 34 of the COMP 1002Workbookfor July Semeste998,showingthe Task A concept
inventorya chedlist that studentsanuseto ensue that they havecovered all theconceptsve
expectthemto by theendof TaskA. For examplefew studentsvould haveencounteedthe ?=

symbolandthisinventorycanact asanindicationto themthat they shouldfind and studyit.



-26-

References

[1]

[2]

[3]

[4]
[5]

[6]

[7]

[8]

[9]

M. A. AlbaneseandS. A. Mitchell. Problembasedearning:a review of literatureon its
outcomesandimplementatiorissues AcademidVedicine68, 52—-81

CatherineC.Bareiss.A semesteprojectfor CS1 In Proceeding27thSIGCSETednical
Symposiunon ComputerScienceEducation pages310-314PhiladelphiaPennsylania
1996

J. Biggs. What the StudentDoes:teachingfor enhancedearning Higher Education
Reseath and Developmentl8 (1), 57-75(1999)

D.BoudandG. Feletti. TheChalleng of ProblemBasedLearning KoganPage 1991

CurtisA. Canwer, RichardA. Howard,andWilliam D. Lane. A methodologyfor actve,
studentontrollediearningmotivatingour wealeststudents In Proceeding27thSIGCSE
Tedhnical Symposiunon Computer ScienceEducation pages195-199 Philadelphia,
Pennsylania 1996

Suzanné@V. DietrichandSusarD. Urban. Databaséheoryin practicelearningfrom coop
eratve groupprojects In Proceeding®7th SIGCSETednical Symposiunon Computer
Sciencéeducationpagesl 12—-116PhiladelphiaPennsylania 1996

I. HirmanpourT. Hilburn,andA. Kornecki. A domaincenterecturriculum:analternatve
approachto computing curriculum In Proceedingsof the 26th SIGCSE Technical
Symposiunpagesl26-1301995

J.Kay, J.Lublin, G. Poiner andM. Prosser Not evenwell begun:womenin computing
courses Higher Educationl8, 511-52711989)

RaymondP. Kirsch. TeachingOLE automationa problembasedearningapproach In
Proceeding7th SIGCSETednical Symposiunon ComputerScienceEducation pages
68—72 PhiladelphiaPennsylanig 1996

[10] M. Kdlling andJ.Rosenbey. Blue—alanguagdor teachingbject-orienteghrogramming

In SIGCSETedhnical Symposiunon ComputerScienceeducation 1996

[11] M. Kdlling. TeachingObjectOrientationwith the Blue Environment Journal of Object-

OrientedProgrammingl2 (2), 14—23(1999)

[12] M. Kélling. TheBlue Language Journal of Object-OrientedProgrammingl2 (1), 10-17

(1999)

[13] S.E.Little andD. Margetson.A project-basedpproactio informationsystemslesignfor

undegraduatesAustralian ComputerJournal 21, 130-1381989)

[14] L. CavedonJ.HarlandandL. Padgham Problenbasedearningwith technologicasupport

in anAl subject:descriptiorandevaluation In Proceedingsf theSecondAustralian Cont
ferenceon ComputerSciencé&ducationConfeencepaged 91-200MelbourneAustralia
1997



-27-

[15] T. C. Reeresand J M Laffey. Design,Assessmentand Evaluationof a Problem-based
learning Environmentin UndegraduateEngineering Higher Educationreseach and
Developmentl8(2), 233—-2461999)

[16] MassoodTowhidnejadandJamesRR. Aman. Softwareengineeringgmphasisn advanced
classes In Proceedings27th SIGCSE Technical Symposiumon Computer Science
Educationpage210-213PhiladelphiaPennsylania 1996

[17] D. R. Woods,J. D. Wright, T. W. Hoffman, R. K. Swartman,and|. D. Doig. Teaching
problemsolvingskills. Engineeringeducation66, 238—-2431975)

[18] D. R. Woods and R. J. Savchuk. Fundamentalof chemical engineeringeducation
ChemicalEngineeringeducation 80—-85(1993)

[19] D. R. Woods. Problem-Based_earning: How to Gain the Most from PBL. McMaster
UniversityBookshopHamilton,Ontariqg 1994



