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Abstract

Thisarticledescribesthedevelopmentof acoursein Javaprogramming,and
its delivery in a ‘supported’distancelearningenvironment. By ‘supported’
is meantthat,althoughstudentson thecoursemaybegeographicallydistant
from thecentreof delivery, they did have somepersonalcontactwith tutors
and other students.However, the bulk of the didactic materialwas deliv-
eredusingacombinationof CD-ROM andInternetmethods.To evaluatethe
appropriatenessandsuccessof this methodof teaching,a groupof ‘local’
studentsstudiedthe new course,alongwith the distance-learningstudents.
Comparisonof thelocal students’commentsandsuccessrateswith thoseof
studentsstudyingthe samecoursethe ‘traditional’ way allows sometenta-
tive suggestionsto bemadeabouttheeffectivenessof this styleof teaching;
suggestionswill beofferedto improvethedeliveryof thiskind of course.

1 Introduction

1.1 Background

Computerprogrammingis theproductionof computersoftwarethatwill beuseful
to somegroupof computerusers. Most programmingis a commercialactivity.
Programmingis carriedout in a ‘programminglanguage’:a setof symbolsthat
instruct the computerhow to proceed.Therearemany programminglanguages;
mosthave at leastsomerecognizableEnglishwordsaspartof their symbolssets.

‘Java’ is a computerprogramminglanguagewhich hasexisted in its present
form for only a few years,althoughit hassimilaritieswith olderprogramminglan-
guages(notablyC++). Despiteits relatively shortpedigree,it hasbecomewidely
used,especiallyin the commercialandbankingsectorsof computing. Reasons
why thismight bethecaseareinteresting,but beyondthescopeof thisarticle.
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Java is onetheincreasingnumberof programminglanguagesthatarefounded
on ‘object-oriented’concepts.This meansthat the fundamentalunit of organiza-
tion of the programis an entity that containsboth instructionsand information.
This is in sharpcontrastwith earlier languagesthat focussedon organizingpro-
gramsin termsof taskdecompositionor datastructures.Object-orientationcauses
someproblemsfor experiencedprogrammerswho areusedto earliermethodsof
working but oughtnot, in principle,to presenta problemto studentswho have no
experienceof any kind of programming.

Thegreatdemandfor skilled (or evensemi-skilled)Java programmersmakes
learningthis languagevery attractive to students.However, despitemany claims
to thecontrary[e.g.,DeitelandDietel,1996],Java is notaparticularly‘teachable’
language.Unlike languageslike Pascal,Java wasnot designedwith teachingin
mind. Its maindesigngoalswereflexibility, andeaseof learningby experienced
programmers,notnovices.

The MSc programme‘BusinessInformationTechnology’at Middlesex Uni-
versity is a ‘conversion’programmedesignedfor graduatesof subjectsotherthan
computingscience.Almostall studentsthatarestudyingthisprogrammearedoing
soto effectacareerchangeinto thecomputingindustry(only two of thisyear’s in-
takehaveexpresseddifferentreasonsfor studyingtheprogramme).Thesestudents
haveastrongmotivationto learnskills thatwill increasetheiremployability. There
is no generalagreementin theUniversitywhetherthesestudentsshouldbetaught
computerprogrammingat all; but studentsthat expressa preferenceall want to
learnJava programming,asopposedto a languagethatwill beeasierto learn.

1.2 Problems with teaching programming

Studentsstudyingthis courseareunlikely to have any programmingexperience,
anddon’t have any ideawhat programmingis like. Many studentswith whom I
have discussedthemattersaidthat they werevery surprisedat how difficult pro-
grammingturnedout to be.

The fact is that programmingis difficult for mostpeople. Worse,it takes a
long time to becomegoodenoughat it that it is actuallyrewarding. Clearly in a
tenweekcoursewe cannotsetour expectationstoo high. However, studentshave
to learnenoughto beableto apply for, andstanda reasonablechanceof getting,
positionsasjunior computerprogrammersif they sowish. This setsa limit on the
minimumlearningoutcomes.

My prior experiencehasshown that, in any groupof programmingstudents
with no prior experience,the group tendsto polarizerapidly into ‘can-do’ and
‘can’t-do’ students.‘Can-do’ studentsseemto find a naturalaccommodationwith
thesubject,usuallyafter two-threeweeks,andthenmake rapidprogress.‘Can’t-
do’ studentsnever seemto make the conceptualleapnecessaryto start to make
progress.Althoughthey maydoreasonablywell in theend,thesestudentsstruggle
until theendof thecourseandarerelievedwhenit is over. Of course,somestudents
do not fit neatly into either group, but most do. I have never found a reliable
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indicator of which peopleare likely to end up in which group. While it might
be thoughtthatmathematiciansandengineersaremorelikely to take naturallyto
programming,my experiencehasnot confirmedthis. Thereis no obvious racial
or genderinfluencethat I have beenable to determine,at leastto a statistically
significantlevel.

The implication is that one is always teachinga groupof studentsin which
therearewidely differentlevels of knowledgeandability even when the students
are selected to start out on an equal footing. A goodcoursemustmake allowance
for this.

The difficulties facedby studentson their first exposureto programmingare
worsenedby the fact that modernindustrialpracticeis to hide from the usersof
softwarethe internaloperationof thecomputer. This is demonstratedin theway
in which thecomputeruserhasbeenpresentedwith anincreasinglynon-technical
workingmetaphorover thelasttwentyyearsor so.Consider, for example,theway
in which terminologyhaschangedfor the processof ‘using a pieceof computer
softwareto manipulatedata’:

1980 Programsmanipulatedatawhich is storedonadisk
1985 Programsmanipulatefileswhicharestoredin directories
1990 Programsmanipulatedocumentswhicharestoredin folders
1995 Usersopendocumentsthatresidein folders

In moderncomputing,therole of thecomputersoftwareis almostinvisible to
theenduser. Theusersees‘documents’and‘folders’ andknows certaingestures
thatwill carryout actionson thesedocuments.This meansthatmany of our stu-
dentsareprodigiouslyefficient in theuseof thecomputerfor all mannerof tasks,
but have no conceptof how it works. This is fine until it comesto programming.
Programmingdoesnotwork at thelevel of documents,tasksandgestures;it works
at thelevel of dataandinstructions.

Learningto programis thereforedifferentin kind, ratherthanin degree,from
learningmostof the othersubjectsthat thesestudentswill study. The difference
is the sameasthat betweenknowing the physicsof the internalcombustion en-
gine andbeingableto drive a car. No body of knowledge,however impressive,
will enableoneto write effective computerprograms;theoreticalknowledgeis a
necessary, but not sufficient, requirement.

1.3 Course learning outcomes

Consideringthepointsraisedabove, theoverall learningoutcomesareexpressed
to studentsasfollows (takenfrom thecoursehandbook):

“After successfullycompletingthiscourseyouwill beableto write
computerprogramsin Java, makinguseof on-line andprintedrefer-
encesources.You will beableto createanddeploy bothappletsand
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independentapplications. The scaleof the programmingtasksyou
will beableto tackleis approximatelycompatiblewith thosecarried
out by entry-gradeprogrammersin thecomputingindustry. You will
beableto usethetheoreticalconceptsof objectorientationto manage,
structureanddocumentyour work.”

1.4 Constraints

1.4.1 Student body

The courseof which this article is the subjectis taughtto studentsfollowing a
‘conversion’ MSc programmein information technology. As yet we have little
experienceof the backgroundsandcapabilitiesof the studentswho arestudying
the programmein distancelearningmode,but we know a greatdeal about the
studentswho have studiedit locally. My own recordsof, and experiencewith,
local studentssuggeststhefollowing.

� They tendto be older thanmostUniversity students.72% of studentsare
over 30and10%over40 yearsof age.

� Consequentlynearlyall studentsarein full-time employmentwhenthey be-
gin theprogramme,andmany remainin employmentthroughout.

� Only 10% of studentshave first degreesin computingor relatedsubjects.
This is aswe expect,asthis is a conversionprogramme,andwe don’t nor-
mally acceptstudentswith a technicalbackground.About thesamepropor-
tion of studentshave somework experiencein thecomputingindustry.

� Nearlyall studentsown their own personalcomputer;if factthis is almosta
formal requirementfor studyingthiscourse

� Nearly all studentsare following the MSc programmewith a clearaim in
mind: they want to obtaingoodfirst jobs in the computingindustry. They
make no secretof this andconstantlyaskaboutemploymentopportunities
andthe relationshipbetweentheir studiesandthe requirementsof the ‘real
world’.

� Thestudentsaremostlyhighly motivated,andarepreparedto work for long
periodsof time,but...

� Students,not surprisingly, spendmosttime on work thatcarriessomeform
of summative assessment.

� Most studentshave no programmingexperienceat all. They usuallydon’t
havethefirst ideawhatprogrammingis about,andaredisagreeablysurprised
whenthey find out.
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� Of all the coursesthat constitutethe MSc programme,studentsreportthat
they find theprogrammingcomponentthemostdifficult andleastpersonally
rewarding. However, last year over 80% ratedthe programmingcompo-
nent’s ‘usefulness’as‘4’ or ‘5’ on a scaleof 0 to 5. This suggeststhat the
studentsunderstandtheusefulnessof thesubject,but don’t find it veryagree-
able.I canunderstandthis,asI feelexactly thesameaboutmathematicsand
plumbing.

� A surprisingnumberof studentsarepreparedto indulge in academicdis-
honestyof onesort or another. Last yearas an experimentI deliberately
setanexercisein sucha way that it wasvery easyfor studentsto copy one
another’s work; suchplagiarismwaseasyto detectbut impossibleto prove.
The fact that it was impossibleto prove wasmadevery clear to students.
In thesecircumstancesI estimatethat more than20% of studentssubmit-
tedwork with which they hadlittle personalinvolvement.StudentswhomI
questionedaboutthis wereclearlyembarrassedaboutit, but expressedlittle
remorse.Theissueof plagiarismin distancelearningis a complex oneand
is discussedin moredetailbelow.

� About half thestudentsaremaleandhalf female;abouthalf describetheir
ethnicbackgroundas‘black African’, about40%as‘white’ andthe restas
anevendistributionof ‘blackCarribean’and‘Asian’. Of coursethedistance-
learningstudentswill nothave thesameethniccomposition.

1.4.2 Cultural issues

Thefactthatthiscourseis to bestudiedin distancelearningmodein severaldiffer-
entcountries(it is currentlyrunningin EgyptandHongKongaswell asLondon)
meansthatwe have to beevenmorecarefulthanusualto avoid racialandcultural
offences.Of coursewe alwayswant to do this, but face-to-facecontactallows us
theopportunityto show thatany accidentallapsesarenot intentionalinsults.With
distancelearningwe do not have theopportunityto apologisefor oversights.One
of the objectives of the proof-readingand review processwe employ is to spot
possibleinadvertentdiscriminatorylanguageandexamples.

1.4.3 Study time

Schoolpolicy on studentstudy time limited the amountof time I could expect
studentsto studythiscourseto 90 hours,over a total coursedurationof 10 weeks.
Of course,somestudentsspentmoretime thanthis,andsomeless.

1.5 Objective

The objective of this work wasto designandevaluatea first coursein Java pro-
grammingthatcouldbetaughtin a ‘supporteddistancelearning’environment,to
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studentswhosebackgroundsareasdescribedabove.

2 Theory

2.1 Course design philosophy

Thephilosophybehindthiscourseisverysimilarto thatdescribedby [Westeretal.,
1997],with theexceptionthatI did notwantto introducestudentsto asophisticated
visual programmingenvironment. The main characteristicsof this course,like
Wester’s,areasfollows.

� It emphasizesthe constructionof completeapplications,with commercial-
qualityuserinterfaces

� It introducestheprinciplesof objectorientationfrom thevery start

Understandingobjectorientationis thekey to producinggoodquality (asop-
posedto merelyfunctional)programsin Java. Thereis no doubtthat,whenobject
orientationis fully mastered,it becomesmucheasierto write Java programs.Be-
causeourstudentshave noprior exposureto programming,I felt thatdealingwith
objectorientationwouldnotpresentany additionalproblemfor them– it is mostly
a problemfor moreexperiencedprogrammerswho have to adaptto a new way of
working. We hopedthat theuseof objectorientationwould ultimately make the
subjecteasier, aswell asinstilling goodworking practices.Variousauthorshave
reportedtheuseof specificteachingaidsfor object-orientation[e.g.,Dershemand
Vanderhyde,1998,SangwanandKorsh,1998],but suchtechniqueswerefelt to be
unnecessaryin this teachingcontext.

An advantageof Java over otherlanguagesis that it is very easyto construct
verypleasant-lookinguserinterfaces(providedthattheconceptsof objectorienta-
tion aremastered;Javaexpressesits userinterfacesin termsof objects).Wehoped
thatthis very visiblesignof masterywould beamotivatingfactorfor students.

2.2 Model of interaction

The model of studentinteractionadoptedby the coursewas a simple one, and
basedon thefollowing, well understood,didacticprinciples.

� Effective learningrequiresreflection[Bruner, 1966,Ausubel,1968]. Stu-
dentsshouldthink abouttheir learningexperiencesandrelatethemto exist-
ing knowledge.

� Effectivelearningrequiresapplicationof skills in arealisticcontext [Honebin
etal., 1993]. In thecontext of this courseI take this to meanthatlearningto
write computerprogramsrequiresthewriting of computerprograms

With theseprinciples– which arehardlycontroversialor novel – in mind, the
modelof interactionshown in figure1 wasadopted.

6



Figure1: Thestudentinteractionmodel

2.3 Course structure

The coursewas divided into ten ‘units’, with the intention that studentswould
studyoneunit eachweekfor tenweeks.Theunitswerenot self contained;on the
contraryeachunit wasintendedto build upontheknowledgeandskills learnedin
the previous one. Eachunit hadthe structureshown in the figure. The learning
materialwasdivided into materialto read,andopportunityto respond.Thesere-
sponseswereeithera ‘test’ of somekind (thatis, anexercisedesignedto allow the
studentanopportunityto assesshis or her factualandconceptualknowledge),or
an‘application’. In thecontext of this course,andfollowing therecommendations
of [Honebinet al., 1993], ‘application’ wastaken to meaneitherwriting a small
computerprogramin Java,or analysinga programwritten by myself. These‘test’
and‘apply’ exerciseswereintendedto take ten to fifteenminuteseach,andthere
wereusuallyeight to ten in eachunit. The readingmaterialwaseitherpresented
on aCD-ROM or referredto aspecificchapterof therecommendedtextbook.

After theseread/responsecyclestherearesomelonger‘test’ exercises(usually
analysisof a computerprogram),somelonger‘apply’ exercises(alwaysinvolving
someactualprogramming),anda ‘reflect’ exercise. This wasusuallya seriesof
questionsbasedon thecoursematerial,but requiringdeeperconceptualanalysis.
Someof the ‘reflect’ exerciseswereintendedto becarriedout in discussionwith
otherstudents,using Internetbulletin boardsor ordinary face-to-facediscussion
wherepossible.Finally, therewasa shortself-assessmentexercise.For adminis-
trative reasons– it canbemarkedby computer– thiswasamultiple-choicetest.

At thestartof eachunit is a chartshowing theproportionof thetotal time that
we expectedthestudentto spendoneachtypeof study(reading,exercises,etc).

Theoverallstructureof thecoursematerialcorrespondslooselytoDavid Kolb’s
classical‘cycle of learning’; Kolb’s ‘active conceptualization’and‘active experi-
mentation’phasesarerepresentedin the programmingexercises,while the read-
ing, andanalysisof programscorrespondsto Kolb’s ‘concreteexperience’phases.
Kolb’s ‘reflective observation’ hasits counterpartin the ‘reflect’ and discussion
partsof thecourse.

Eachunit’s contentwasdeterminedby formal learningoutcomes,ratherthan
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by syllabus content. In fact, thereis no formal ‘syllabus’ at all for this course;
it’s contentis determinedby its learningoutcomes. For example, the learning
outcomesfor unit five(whosetitle is “Using Stringsandarrays”)are:

“After successfullycompletingthisunit youwill beableto:
� explain the differencesandsimilaritiesbetweenstringsandar-

raysof characters
� declarean array, define,interrogateandchangeindividual ele-

mentsof anarray
� declareandwork with instancesof theStringclass
� implementJava programsillustratingthemanipulationof arrays

andstrings”

Note that all theseoutcomesare testable,andthe ‘reflect’ exerciseandfinal
self-assessmentexerciseareintendedto testthem.

3 Methods

3.1 Implementation of course material

The coursematerialsweredevelopedin the form of a World-Wide Web site,but
weredistributedto studentson aCD-ROM. TheCD-ROM alsocontainedtheJava
compilersoftwarethatstudentswouldneedto beableto write theirown programs.
It wasintendedthatstudentsshouldinstall this softwareon their own computers.
Threedifferentauthorscontributedmaterialfor the CD-ROM, all of whom were
experiencedteachers.The materialwastheneditedandproof-readbeforebeing
committedto CD-ROM. As this was the first time I haddevelopedthis kind of
material,I expectedthattherewouldbesomeerrors.My colleaguesandI therefore
maintaineda Web site on a live server for the benefitof studentswho wantedto
seethemostup-to-dateversionof thetext. Theintentionwasto updatetheserver
to reflectimprovementsandcorrectionsin thematerial. In practice,however, the
greatmajority of studentspreferredto usetheCD-ROM, evenwith its errors,than
spenda lot of time on-line(a sampleof theon-linecoursematerialcanbeseenat
ericgill.mdx.ac.uk/class modelling/)

Studentsalsohadaccessto a bulletin board(for messageposting),e-mail,ref-
erencesto extensive on-linereferenceandtutorialmaterials.

3.1.1 Student assessment procedure

In thedistancelearningenvironmentwe have, by definition, little or no personal
contactwith students.This hasimplicationsfor the methodsof assessmentthat
areused.MSc studentshave alreadyshown themselvesto bewilling to indulgein
plagiarismif they getthechance,anda fair schemeof assessmenthasto make this
very difficult.
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Whenteachingthecoursein ‘traditional’ modelastyear, I usedthefollowing
formsof assessment(all of thesewereusedduringasinglerunof thecourse).

� Timedcomputerprogrammingexercisescarriedout in acomputerlaboratory
underclosesupervisionandin examinationconditions

� A numberof short (30 minute) testsof theorycarriedout in examination
conditions

� A setof computerprogrammesto write, of gradeddifficulty, andfor which
markswereawardedfor the numberof exercisescompletedover the com-
pletecourse.All studentsdid thesameexercises.

� A largerprogrammingexercisecarriedout without supervision,whereeach
studentworked on a different programmethat was agreedwith myself in
advance.

� A formal,unseenexamination

In orderto eliminatethepossibilityof plagiarismin at leastpartof theassess-
ment,someof theexerciseswerecarriedout in examinationconditions,although
they werenot ‘exams’ in the traditionalsense.Apart from imposingthesecondi-
tions,it is impossibleto beabsolutelycertainthatthework wasreally doneby the
student;after all a numberof peoplemake a living by providing coursework for
students,andthese‘services’arewell publicised.With theassessmentschemede-
scribedabove I felt thatplagiarismwasquite limited, becauseit would have been
more trouble than it was worth. Although studentscould have ‘commissioned’
someoneto provide at leastpart of their coursework, or copiedwork from their
fellow students,they werewell awarethatin theendthey would bedemonstrating
their work face-to-faceto a personthat they knew to bequiteawareof their capa-
bilities. In thesecircumstancesI suspectthatfor moststudentsoutrightplagiarism
wouldnothavebeenveryattractive. Nevertheless,I don’t doubtthatsomestudents
obtainedassistancefrom outsidethecourse.

However, it is ultimatelyimpossible–I believe– for coursework to bedesigned
thatmakesplagiarismmoretroublethanit is worth in thedistancelearningenvi-
ronment.By definitionwehave little or nopersonalcontactwith students,andthis
removesthemaindisincentive for plagiarism.This view washeldsostronglyby
all staff involved in the MSc programmethat a policy wasmadethat requiredat
least70%of thestudent’s final gradeto becontributedby asingleunseenexamina-
tion. Otherkindsof examinationthatmayhave beenmoreeffective, suchasseen
andopen-bookexams,wereruled out on the groundsthat we have no control of
theexaminationproceduresin theour supportingoverseasinstitutions,andthese
wouldbedifficult to regulate.

All this presentssomethingof a problemfor assessinga programmingcourse,
andthis problemhasnot beensolved satisfactorily. It is very easyto setan ex-
aminationthat testsa student’s factualrecall, and not very hard to set one that
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teststhe student’s superficialunderstandingof theory. It is extremelyhardto set
anexaminationthat testsdeepcomprehensionof difficult concepts.It is this deep
comprehensionthatmakesit possibleto developusefulcomputerprogrammes,and
without it nothingof valuecanbeachievedin thissubject.

Moreover, becausethe ‘coursework’ componentof the coursenow carriesa
relatively smallcontribution to thefinal grade,it is difficult to setanexercisethat
is extensive enoughto beinteresting.

A furtherproblemin thedistancelearningenvironmentis thevaryingcultural
interpretationof termslike ‘plagiarism’. Evenin theWest,thereis asurprisingdif-
ferenceof opinionbetweenstudentsandacademics,andamongdifferentstudents,
aboutwhatconstitutes‘plagiarism’ [Ashworth et al., 1997]. To reducethis prob-
lem, thecoursematerialincludesa very detailedstatementaboutwhatconstitutes
reasonablepracticein the context of this particular course.

3.2 Evaluation

The new coursewas taughtto 66 local studentsaspart of an MSc programme.
There is no reasonto think that the studentbody was significantly different in
backgroundor capabilitiesfrom the studentswho studiedthe courselast year in
‘traditional’ mode,sothisgroupis usedfor comparison.

At thetimeof writing wedonothave informationaboutstudents’examination
performancein the new course,so evaluationhad to be on the basisof student
feedback,andcompletionrates.I obtainedfeedbackfrom studentsin threeways.
First, by informal discussionduring andafter classes.I tried as far as possible
to obtaincommentsfrom thecomplete(local) studentbody. Second,at a formal
meetingof studentrepresentatives that waschairedandminuted. Unusually, the
students’commentsand concernswere similar in the thesefeedbackexercises.
Third, by e-mail.

4 Results

4.1 Student feedback

I received, andrepliedto, over 600 e-mail messagesduring the ten-weekrun of
the course. If divided evenly amongthe 66 studentsthis would amountto about
ninemessagesperstudent.However, thedivision wasfar from even, in termsof
studentsor of time.

Lessthanhalf thestudentscontactedmeby e-mailatall. Lessthantenpercent
contactedme morethanonce. However, a few studentscontactedme morethan
twentytimeseach.

It wasnotablethat lessthan10%of thesee-mail communicationswereabout
mattersthat I would considerto be ‘academic’. Over 90% wereadministrative,
andconcerneddifficultiesin installingsoftware,inability to find thingson theCD-
ROM, andinability to getaccessto computerresources.Thefollowing is anexam-
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pleof suchane-mail;clearlythisstudentis trying to getto therootof theproblem,
but lackstheknowledgeevento follow thestep-by-stepinstructionsprovided.

Kevin

I am trying to install JDK on my computer
at home using the instructions on the
CD ROM. I have completed step 1 but am
having problems with step 2.

I click start and control panel. I can find
system but there is no environment
within this, so I can’t set the PATH.

My computer is an NT machine.

Am I missing something?
Thanks
Fred

I did notanticipatethis level of helplessnessanddependency amongMSc stu-
dents,andclearlythis is somethingI will have to think verycarefullyaboutfor the
future.

Feedbackfrom studentsin persontendedto emphasizethe following points,
someof whichwill bediscussedin moredetail later.

� More thanhalf the studentssaidthat it wasquite difficult to follow course
materialsdisplayedon acomputerscreen,andprintedmaterialswouldhave
beenpreferred.

� Only about20%of studentssaidthattherewereableto follow thecourseat
thepaceoriginally intended.About 60% of studentsfinishedthecoursein
twelve weeks(which is themaximumthatwasallowed),ratherthantheten
weeksthatwasoriginally planned.About 20%of studentsnever completed
the course,in the sensethat they werestill studyingmaterialdesignedfor
weeknineor earlierwhentimeranout.

� Almost all studentsclaimedto be spendingat leasteight hoursper week
on the course,andabout10% of studentsclaimedtwice this much. Many
studentsexpresseddifficulty in balancingthedemandsof this course,other
courses,andtheir work anddomesticcommitments.

� Almostall studentssaidthatmostof thetimethey spentstudyingthiscourse
wasspendingreading,ratherthanin carryingoutprogrammingexercises.
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� Most studentswerepositive aboutthenew styleof teaching,althoughsome
werecynical abouttheUniversity’s motivationfor adoptingit. A numberof
studentswereof theopinionthatwe wereengagedin a cost-saving exercise
(nothingcouldbefurther from thetruth; this coursewasshockinglyexpen-
siveto develop).Many studentswereappreciativeof theopportunityto work
at their own pace,althoughin practicetherewasnot thatmuchflexibility in
this respect.

� Most students,regardlessof their overall performance,wereof theopinion
thatour expectationsof their prior experienceandknowledgewereunreal-
istically high. About 20%of students,who weremakinglessprogressthan
their colleagues,claimedthatunrealisticexpectationswerethecauseof this
situation. Whenasked to accountfor the fact that someof their colleagues
weremakingbetterprogress,mostof thesestudentsclaimedthattheir class-
mateshad more prior programmingexperience. In fact this is manifestly
untrue;only onestudentoutof 66hadany prior experience.

4.2 Completion rates

Becausethis coursewasdesignedfor distancelearning,a numberof studentsde-
cidedthat they preferredto studyentirelyaway from theUniversity. About 40 of
the 66 studentsattendedevery tutorial class. Threestudentswithdrew from the
coursecompletely(this is similar to thewithdrawal rate– four out of 115– with
traditionalteachinglastyear).

5 Discussion

5.1 The use of interactive materials

Fromtheoutsetit wasenvisagedthatstudentswould interactwith theon-linema-
terial in awell-definedway. Wechosetheorderof thereading,exercises,reflection
andtestsvery carefullyin anattemptto leadthestudentsthroughthematerialin a
rationalway. In practice,however, studentstendedto focuson thereading,to the
exclusionof everythingelse. This wasdespitethe fact that eachweek’s material
startedwith a statementof the amountof time we expectedstudentsto spendon
eachcomponent.Clearlythestudentsdid not follow theseguidelinesvery closely.
Becausethestudentstendedto seestudyasprimarily anexercisein reading,they
regardedthe CD-ROM asan informationresource,like a textbook. However, it
is not very easyto readlong sectionsof text on a computerscreen,andI did not
envisagestudentsdoingthis. Moststudentsexpressedawishto havetheCD-ROM
materialin apaperform, whichwouldhave completelydefeatedtheinteractivity.

Of coursesomereadingis essential,but therearea greatmany excellenttext-
bookson this subject.In futurewe maygetbetterresultsby reducingtheamount
of readingmaterialon theCD-ROM, andjust giving morereferencesto textbook
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pages.Anotherapproachmay be to prevent the studentsgettingaccessto more
readingmaterialuntil they have completedall theexercisesin agivenunit.

The fact that studentstend to view study as being dominatedby readingis
a symptomof the broaderproblemof adaptingto a new learningparadigm,as
discussedbelow.

5.2 Expectations of students’ prior experience and knowledge

Problemsin this respectbecameapparentalmostfrom thefirst dayof thecourse.
For example,to be ableto executeJava programs,studentsmustbe ableto com-
pile them. This meansthat they mustbe ableto install the compilersoftware. I
mistakenlyconsideredthis to bea trivial task,especiallyasthestudentshadaccess
to detailedstep-by-stepinstructionswritten by myself,andevenmoredetailedin-
structionson thesupplier’s Website. In fact,notonly couldabout20%of students
not install this softwareunaided,six studentsrenderedtheir computersinoperable
in theattempt.Thereasonfor this latterproblemwasrapidly discovered,but not
easyto communicatevia thebulletin boardande-mail. In any event, theaffected
studentshadaccessto neitherof thesefacilities,astheir computerswereinopera-
ble. Thesolutionturnedout to bevery difficult to describeover the telephoneas
well. WhenI questionedstudentsaboutthis, a numberclaimedto have never in-
stalledsoftwareonacomputer;many saidthatthiswasataskthatnormallycaused
themsomedifficulty.

Althoughthiscourseis intendedfor studentswith noprogrammingexperience,
it hasbeenquite difficult to dealwith the concomitantlack of generaltechnical
experience.For example,thecoursematerialusestermslike ‘megabyte’,‘applet’,
and‘file’, assumingthatstudentswill know whattheseterms.Veryoftenthey have
a superficialunderstanding.For example,a studentmaywell beableto statethat
amegabyteis amillion bytes(or thereabouts),but have no ideahow muchstorage
this representscomparedto the total memoryavailable to a computerprogram.
This shouldnot really have beena surprise;it is by learningprogrammingthat
peoplegainanin-depthunderstandof many technicalaspectsof computing.

5.3 Adapting to a new learning paradigm

Moving from a learningenvironmentwhich is ‘teacher-centred’to onewhich is
‘student-centred’is likely to be a problemfor studentswho have beenexposed
only to theformer. Theuseof distancelearningmaterialsis very mucha ‘student-
centred’environment,in thatstudentsmusttakegreaterresponsibilityfor planning
theirstudy, seekinginformationand,mostimportantly, articulatingtheirproblems.

In thiscourse,studentswerelessadaptableto anew modeof studythanwean-
ticipated.Most studentsdid not take muchadvantageof facilitieslike e-mail,bul-
letin boards,or on-linereferencesources.It is possiblethatour‘supporteddistance
learning’schemedoesnotoffer thebestof theteacher-centredandstudent-centred
philosophiesaswasintended;perhapsthe existenceof tutorial sessionsprevents
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studentsfrom makingthetransitionto self-motivatedstudyby allowing studentsto
‘save up’ their problemsfor thenext tutorial session,ratherthanusingtheon-line
communicationsfacilities.

However, teachingthisparticularsubjectto the(non-technical)studentson the
coursewithout explicit face-to-facecommunicationbetweenteacherandstudentis
almostinconceivable. Studentsareoftenunableto articulatetheir difficulties,and
needaskilledtutortogetto therootof theproblem.Veryoftenthee-mailmessages
sentby studentsdisplaywhatappearsto bea staggeringlackof comprehensionof
the subject,but on closerexaminationit turnsout that the studentlacksonly the
ability to expressa technicalproblemin clearprose.

That studentswereunableto make full, effective useof on-line resourcesis
broadlycompatiblewith thefindingsof [Soloway andWallace,1997],and[Law-
headet al., 1997],who reporteda numberof Internet-basedteachingexperiments
that had beenlesssuccessfulthan expected. This is clearly an areathat needs
furtherdevelopment.

5.4 Problems with exercises

Althoughstudentswereableto carryoutmostof theexercisessetin theinteractive
material,in many casestheirnotionof ‘satisfactorycompletion’wasverydifferent
to mine. In somecases,studentscompletedexerciseswithout graspingthe prin-
ciplesthey wereintendedto demonstrate.To anextent I exacerbatedtheproblem
by including‘hints’ on carryingout theexercises.It is difficult to write ‘hints’ on
programmingexercisesthatdo not, to a certainextent,give thegameaway. This
encouragedstudentsto constructan answerfrom the hints, ratherthangrappling
with difficult problems.

In additionit is hard,with a largegroupof students,to ensurethatall students
aregettingthe full benefitof the exercisesthat they do complete.Somescheme
needsto bedevelopedthatallows studentsto verify that they have extractedfrom
eachexercisethekey knowledgeandskills.

6 Recommendations

1. Interactive materialneedsto bepreparedin sucha way thatthevalueof the
interactivity is emphasizedto students.In thiscourse,I couldusefullyreduce
theamountof readingmaterial,andperhapsprohibit accessto laterunitsof
materialuntil a satisfactorynumberof exercisesfrom the lastunit hasbeen
completed.Thisprohibitionneedsto beenforcedby software,ratherthanby
a tutor.

2. In distancelearning,it is muchharderfor studentsto find themeaningof an
unfamiliar term or concept. In a first programmingcourse,we needto be
awarenotonly of thestudents’lackof programmingknowledge,but of their
lack of knowledgeof technicalcomputingin general.Providing a technical
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glossarywill go someway towardshelpingstudentscopewith thesediffi-
culties,but ultimately I needto revise the way in which somepartsof the
coursearewritten.

3. If studentsareexpectingto getsomeface-to-faceteaching,thentheamount
of on-lineassistanceon theinteractive exercisesshouldnotbetoo large.

4. If studentsareexpectedto communicatewith tutors andeachotherby e-
mail, for example,thenthey needto beencouragedto startdoing this from
theoutsetof thecourse.Merely providing thefacilitiesis not sufficient; use
of on-lineresourcesneedsto beanintegralpartof thecourse,perhapslinked
to assessment.This may be even more importantwherea mixture of on-
line andface-to-facecontactis provided,asstudentswill tendto wait for a
face-to-facemeetingto air theirproblems.
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