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Abstract

This articledescribeshe developmentbf acoursein Javaprogrammingand
its delivery in a ‘supported’distancelearningervironment. By ‘supported’
is meantthat, althoughstudenton the coursemay be geographicalidistant
from the centreof delivery, they did have somepersonakontactwith tutors
and other students. However, the bulk of the didactic materialwas deliv-
eredusinga combinationof CD-ROM andlInternetmethods.To evaluatethe
appropriatenesand succes®f this methodof teaching,a group of ‘local’
studentsstudiedthe new course alongwith the distance-learningtudents.
Comparisorof the local studentscommentsandsuccessateswith thoseof
studentsstudyingthe samecoursethe ‘traditional’ way allows sometenta-
tive suggestionso be madeaboutthe effectivenesf this style of teaching;
suggestionsvill beofferedto improvethedelivery of thiskind of course.

1 Introduction

1.1 Background

Computemprogrammings the productionof computersoftwarethatwill be useful
to somegroup of computerusers. Most programmingis a commercialactiity.
Programmings carriedout in a ‘programminglanguage’: a setof symbolsthat
instructthe computerhow to proceed. Thereare mary programminglanguages;
mosthave atleastsomerecognizabldnglishwordsaspartof their symbolssets.

‘Java’ is a computerprogramminglanguagewhich hasexistedin its present
form for only afew years althoughit hassimilaritieswith olderprogrammindan-
guagegqnotablyC++). Despiteits relatively shortpedigreejt hasbecomewidely
used,especiallyin the commercialand bankingsectorsof computing. Reasons
why this might bethe caseareinteresting but beyondthe scopeof this article.



Javaiis onetheincreasingnumberof programminganguageshatarefounded
on ‘object-oriented’concepts.This meanshat the fundamentalnit of organiza-
tion of the programis an entity that containsboth instructionsand information.
This is in sharpcontrastwith earlierlanguageghat focussedon organizingpro-
gramsin termsof taskdecompositioror datastructuresObject-orientatiortauses
someproblemsfor experiencedporogrammersvho are usedto earliermethodsof
working but oughtnot, in principle,to presenta problemto studentsvho have no
experienceof ary kind of programming.

The greatdemandfor skilled (or even semi-skilled)Java programmersnalkes
learningthis languagevery attractve to students.However, despitemary claims
to thecontrary[e.g.,DeitelandDietel, 1996],Javais nota particularly‘teachable’
language.Unlike languagedik e Pascal,Java was not designedwith teachingin
mind. Its main designgoalswereflexibility, andeaseof learningby experienced
programmersnot novices.

The MSc programmeBusinessinformation Technology’at Middlesex Uni-
versityis a ‘conversion’ programmedesignedor graduate®f subjectsotherthan
computingscience Almostall studentghatarestudyingthis programmearedoing
soto effectacareerchangeanto the computingindustry(only two of thisyearsin-
take have expressediifferentreasongor studyingthe programme)Thesestudents
have astrongmotivationto learnskills thatwill increaseheiremployability. There
is no generalagreemenin the University whetherthesestudentshouldbe taught
computerprogrammingat all; but studentsthat expressa preferenceall wantto
learnJava programmingasopposedo alanguagehatwill beeasielto learn.

1.2 Problemswith teaching programming

Studentsstudyingthis courseare unlikely to have ary programmingexperience,
anddon't have ary ideawhat programmings like. Many studentswith whom |
have discussedhe mattersaidthat they werevery surprisedat how difficult pro-
grammingturnedoutto be.

The fact is that programmingis difficult for most people. Worse, it takesa
long time to becomegoodenoughat it thatit is actuallyrewarding. Clearlyin a
tenweekcoursewe cannotsetour expectationgoo high. However, studentdhave
to learnenoughto be ableto applyfor, andstanda reasonablehanceof getting,
positionsasjunior computemprogrammerds they sowish. This setsalimit onthe
minimumlearningoutcomes.

My prior experiencehasshowvn that, in ary group of programmingstudents
with no prior experience,the group tendsto polarize rapidly into ‘can-do’ and
‘can’t-do’ students.Can-do’ studentseemto find a naturalaccommodatiomvith
the subject,usuallyafter two-threeweeks,andthenmake rapid progress.'‘Can't-
do’ studentsnever seemto make the conceptualeap necessaryo startto make
progressAlthoughthey maydoreasonablyvell in theend,thesestudentstruggle
until theendof thecourseandarerelievedwhenit is over. Of course somestudents
do not fit neatly into either group, but mostdo. | have never found a reliable



indicator of which peopleare likely to end up in which group. While it might
be thoughtthat mathematicianandengineeraremorelikely to take naturallyto
programmingmy experiencehasnot confirmedthis. Thereis no obvious racial
or genderinfluencethat | have beenableto determine,at leastto a statistically
significantlevel.

The implication is that oneis alwaysteachinga group of studentsin which
therearewidely differentlevels of knowledgeandability even when the students
are selected to start out on an equal footing. A goodcoursemustmalke allowance
for this.

The difficulties facedby studentson their first exposureto programmingare
worsenedoy the fact that modernindustrial practiceis to hide from the usersof
softwarethe internaloperationof the computer This is demonstrateih the way
in which the computeruserhasbeenpresentedvith anincreasinglynon-technical
working metaphoioverthelasttwentyyearsor so. Considerfor example theway
in which terminologyhaschangedor the processof ‘using a pieceof computer
softwareto manipulatedata’:

1980 Programsmanipulatedatawhichis storedonadisk

1985 Programsnanipulatefiles which arestoredin directories
1990 Programsmanipulatedocumentsvhich arestoredin folders
1995 Usersopendocumentghatresidein folders

In moderncomputing,therole of the computersoftwareis almostinvisible to
theenduser The userseesdocuments’and‘folders’ andknows certaingestures
thatwill carryout actionson thesedocuments.This meanghat mary of our stu-
dentsareprodigiouslyefficientin the useof the computerfor all mannerof tasks,
but have no conceptof how it works. This is fine until it comesto programming.
Programmingloesnotwork atthelevel of documentstasksandgesturesit works
atthelevel of dataandinstructions.

Learningto programis thereforedifferentin kind, ratherthanin degree,from
learningmostof the othersubjectsthatthesestudentswill study The difference
is the sameasthat betweenknowing the physicsof the internal comhustion en-
gine andbeingableto drive a car No body of knowvledge, however impressie,
will enableoneto write effective computerprograms;theoreticalknowledgeis a
necessarybut not sufiicient, requirement.

1.3 Courselearning outcomes

Consideringthe pointsraisedabore, the overall learningoutcomesare expressed
to studentsasfollows (takenfrom the coursehandbook):

“After successfullicompletingthis courseyouwill beableto write
computermprogramsin Java, makinguseof on-line and printedrefer
encesources.You will beableto createanddeploy both appletsand
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independengpplications. The scaleof the programmingtasksyou
will be ableto tackleis approximatelycompatiblewith thosecarried
out by entry-gradgprogrammersn the computingindustry You will
beableto usethetheoreticaktonceptof objectorientationto manage,
structureanddocumentyour work.”

Constraints

14.1 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 backgroundsand capabilitiesof the studentswvho are studying
the programmein distancelearningmode, but we know a greatdeal aboutthe
studentswho have studiedit locally. My own recordsof, and experiencewith,
local studentsuggestshe following.

They tendto be older than mostUniversity students.72% of studentsare
over 30 and10%over 40 yearsof age.

Consequentlyearlyall studentsarein full-time employmentwhenthey be-
gin the programmeandmary remainin emplo/mentthroughout.

Only 10% of studentshave first degreesin computingor relatedsubjects.
This is aswe expect,asthisis a conversionprogrammeandwe don't nor
mally acceptstudentswvith atechnicalbackground About the samepropor
tion of studenthave somework experiencdan thecomputingindustry

Nearlyall studentsown their own personaktomputer;f factthisis almosta
formal requirementor studyingthis course

Nearly all studentsare following the MSc programmewith a clearaim in
mind: they wantto obtaingoodfirst jobsin the computingindustry They
male no secretof this and constantlyask aboutemplg/mentopportunities
andtherelationshipbetweertheir studiesandthe requirement®f the ‘real
world'.

The studentsaremostly highly motivated,andarepreparedo work for long
periodsof time, but...

Studentsnot surprisingly spendmosttime on work thatcarriessomeform
of summatie assessment.

Most studentshave no programmingexperienceat all. They usuallydont
have thefirstideawhatprogrammings about,andaredisagreeablgurprised
whenthey find out.



e Of all the courseghat constitutethe MSc programme studentseportthat
they find theprogrammingcomponenthe mostdifficult andleastpersonally
rewarding. However, last year over 80% ratedthe programmingcompo-
nents ‘usefulness’as‘4’ or ‘5’ onascaleof 0 to 5. This suggestshatthe
studentsinderstantgheusefulnessf thesubjectbut don't find it veryagree-
able.l canunderstandhis, asl feel exactly the sameaboutmathematiceind
plumbing.

e A surprisingnumberof studentsare preparedo indulgein academiais-
honestyof one sort or another Last yearas an experimentl deliberately
setan exercisein suchaway thatit wasvery easyfor studentdo copy one
anothers work; suchplagiarismwaseasyto detectbut impossibleto prove.
The fact that it wasimpossibleto prove was madevery clearto students.
In thesecircumstances$ estimatethat more than 20% of studentssubmit-
tedwork with which they hadlittle personainvolvement.Studentsvhom|
questionedboutthis wereclearlyembarrassedboultit, but expressedittle
remorse.Theissueof plagiarismin distancdearningis a comple oneand
is discussedn moredetailbelow.

e About half the studentsare maleandhalf female;abouthalf describetheir
ethnicbackgroundas‘black African’, about40% as‘white’ andtherestas
anevendistribution of ‘black Carribean’and‘Asian’. Of coursethedistance-
learningstudentswill not have the sameethniccomposition.

1.4.2 Cultural issues

Thefactthatthis courses to bestudiedin distancdearningmodein severaldiffer-
entcountries(it is currentlyrunningin EgyptandHong Kongaswell asLondon)
meanghatwe have to be even morecarefulthanusualto avoid racialandcultural
offences.Of coursewe alwayswantto do this, but face-to-acecontactallows us
the opportunityto shawv thatary accidentalapsesarenotintentionalinsults. With
distancdearningwe do not have the opportunityto apologisefor oversights.One
of the objectives of the proof-readingand review processwe emplg is to spot
possibleinadwertentdiscriminatorylanguageandexamples.

1.4.3 Studytime

Schoolpolicy on studentstudy time limited the amountof time | could expect
studentgo studythis courseto 90 hours,over atotal coursedurationof 10 weeks.
Of course somestudentspentmoretime thanthis, andsomeless.

1.5 Objective

The objectie of this work wasto designand evaluatea first coursein Java pro-
grammingthatcould be taughtin a ‘supporteddistancdearning’ ervironment,to



studentsvhosebackgroundsreasdescribedabore.

2 Theory

2.1 Coursedesign philosophy

Thephilosophybehindthis coursds very similarto thatdescribedy [Westeretal.,
1997],with theexceptionthatl did notwantto introducestudent$o asophisticated
visual programmingervironment. The main characteristic®f this course,like
Westers, areasfollows.

e It emphasizesghe constructionof completeapplicationswith commercial-
quality userinterfaces

¢ It introduceghe principlesof objectorientationfrom the very start

Understandingpbjectorientationis the key to producinggoodquality (asop-
posedio merelyfunctional)programsn Java. Thereis no doubtthat, whenobject
orientationis fully masteredit becomesnucheasiento write Jasa programs.Be-
causeour studentsave no prior exposureto programming] felt thatdealingwith
objectorientationwould not presentary additionalproblemfor them— it is mostly
a problemfor moreexperiencedrogrammersvho have to adaptto a nev way of
working. We hopedthat the useof objectorientationwould ultimately make the
subjecteasier aswell asinstilling goodworking practices.Variousauthorshave
reportedthe useof specificteachingaidsfor object-orientatiorje.g.,Dershermand
Vanderhydel998,SangvanandKorsh,1998],but suchtechniquesverefelt to be
unnecessarin this teachingcontext.

An advantageof Java over otherlanguagess thatit is very easyto construct
very pleasant-lookingiserinterfaces(providedthatthe conceptof objectorienta-
tion aremasteredJava expressedts userinterfacesin termsof objects).We hoped
thatthis very visible signof masterywould bea motivatingfactorfor students.

2.2 Modd of interaction

The model of studentinteractionadoptedby the coursewas a simple one, and
basednthefollowing, well understooddidacticprinciples.

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

o Effectivelearningrequiresapplicationof skills in arealisticcontet [Honebin
etal., 1993]. In thecontet of this coursd take thisto meanthatlearningto
write computemprogramgequireshewriting of computerprograms

With theseprinciples— which arehardly controversialor novel — in mind, the
modelof interactionshowvn in figure 1 wasadopted.
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Figurel: Thestudentinteractionmodel

2.3 Coursestructure

The coursewas divided into ten ‘units’, with the intention that studentswould
studyoneunit eachweekfor tenweeks.The unitswerenot self contained;on the
contraryeachunit wasintendedto build uponthe knowledgeandskills learnedin
the previous one. Eachunit hadthe structureshavn in the figure. The learning
materialwasdividedinto materialto read,andopportunityto respond.Thesere-
sponsesvereeithera ‘test’ of somekind (thatis, anexercisedesignedo allow the
studentan opportunityto assessis or herfactualand conceptuaknowledge),or
an‘application’. In the context of this course andfollowing therecommendations
of [Honebinet al., 1993], ‘application’ wastaken to meaneitherwriting a small
computemprogramin Java, or analysinga programwritten by myself. These'test’
and‘apply’ exerciseswvereintendedto take tento fifteen minuteseach,andthere
wereusuallyeightto tenin eachunit. Thereadingmaterialwaseitherpresented
onaCD-ROM or referredto a specificchapterf the recommendetkextbook.

After theseread/responseyclestherearesomelonger‘test’ exercisequsually
analysisof a computerprogram),somelonger‘apply’ exercisegalwaysinvolving
someactualprogramming).anda ‘reflect’ exercise. This wasusually a seriesof
guestionsbasedon the coursematerial,but requiringdeeperconceptuabnalysis.
Someof the ‘reflect’ exerciseswereintendedto be carriedoutin discussiorwith
other studentsusing Internetbulletin boardsor ordinary face-to-ce discussion
wherepossible.Finally, therewasa shortself-assessmemkercise. For adminis-
trative reasons- it canbe marked by computer- this wasa multiple-choicetest.

At the startof eachunit is a chartshaving the proportionof thetotal time that
we expectedthe studento spendon eachtype of study(reading.exercisesgtc).

Theoverallstructureof thecoursematerialcorrespondioselyto David Kolb’s
classical'cycle of learning’; Kolb’s ‘active conceptualizationand‘active experi-
mentation’phasesare representedh the programmingexerciseswhile the read-
ing, andanalysisof programscorresponds$o Kolb'’s ‘concreteexperience’phases.
Kolb’s ‘reflective obseration’ hasits counterpartin the ‘reflect’ and discussion
partsof thecourse.

Eachunit's contentwasdetermineddy formal learningoutcomesyatherthan



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

“After successfullycompletingthis unit you will beableto:

e explain the differencesand similarities betweenstringsand ar
raysof characters

e declarean array define,interrogateand changeindividual ele-
mentsof anarray

e declareandwork with instance®f the Stringclass

e implementlava programsllustratingthe manipulationof arrays
andstrings”

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

3 Methods

3.1 Implementation of course material

The coursematerialswere developedin the form of a World-Wide Web site, but
weredistributedto studenton a CD-ROM. The CD-ROM alsocontainedhe Java
compilersoftwarethatstudentsvould needto beableto write their own programs.
It wasintendedthat studentsshouldinstall this software on their own computers.
Threedifferentauthorscontrituted materialfor the CD-ROM, all of whomwere
experiencedeachers.The materialwas then editedand proof-readbeforebeing
committedto CD-ROM. As this wasthe first time | had developedthis kind of
material,| expectedhattherewouldbesomeerrors.My colleaguesndl therefore
maintaineda Web site on a live sener for the benefitof studentswho wantedto
seethe mostup-to-dateversionof thetext. Theintentionwasto updatethe sener
to reflectimprovementsandcorrectionsn the material. In practice however, the
greatmajority of studentgpreferredto usethe CD-ROM, evenwith its errors,than
spenda lot of time on-line (a sampleof the on-line coursematerialcanbe seenat
ericgill.nmdx. ac. uk/cl ass_nodel I'i ng/)

Studentsalsohadaccesgo a bulletin board(for messag@osting),e-mail, ref-
erencedo extensve on-linereferenceandtutorial materials.

3.1.1 Student assessment procedure

In the distancelearningenvironmentwe have, by definition, little or no personal
contactwith students. This hasimplicationsfor the methodsof assessmerthat
areused.MSc studentshave alreadyshavn themselesto bewilling to indulgein
plagiarismif they getthechanceandafair schemeof assessmeiitasto make this
very difficult.



Whenteachingthe coursein ‘traditional’ modelastyear | usedthe following
formsof assessmergall of thesewereusedduringa singlerun of thecourse).

e Timedcomputemprogrammingexercisesarriedoutin acomputetaboratory
underclosesupervisiorandin examinationconditions

e A numberof short (30 minute) testsof theory carriedout in examination
conditions

e A setof computemprogrammedgo write, of gradeddifficulty, andfor which
markswere awardedfor the numberof exercisescompletedover the com-
pletecourse All studentglid the sameexercises.

e A largerprogrammingexercisecarriedout without supervisionwhereeach
studentworked on a different programmethat was agreedwith myself in
adwance.

e A formal,unseerexamination

In orderto eliminatethe possibility of plagiarismin atleastpartof the assess-
ment,someof the exerciseswerecarriedout in examinationconditions,although
they werenot ‘exams’ in the traditionalsense. Apart from imposingthesecondi-
tions, it is impossibleto be absolutelycertainthatthe work wasreally doneby the
student;after all a numberof peoplemake a living by providing courseavork for
studentsandthese'services’'arewell publicised.With theassessmerschemeale-
scribedabove | felt that plagiarismwasquite limited, becausét would have been
moretrouble thanit wasworth. Although studentscould have ‘commissioned’
someondo provide at leastpart of their coursevork, or copiedwork from their
fellow studentsthey werewell awarethatin the endthey would be demonstrating
their work face-to-iceto a personthatthey knew to be quite aware of their capa-
bilities. In thesecircumstances suspecthatfor moststudentoutrightplagiarism
wouldnothave beenvery attractie. Neverthelessl don't doubtthatsomestudents
obtainedassistancé&om outsidethe course.

However, it is ultimatelyimpossible-I believe — for coursavork to bedesigned
thatmakesplagiarismmoretroublethanit is worth in the distancdearningervi-
ronment.By definitionwe have little or no personatontactwith studentsandthis
removesthe maindisincentve for plagiarism. This view washeld so strongly by
all staf involved in the MSc programmethat a policy was madethat requiredat
least70%of thestudents final gradeto becontritutedby asingleunseerexamina-
tion. Otherkinds of examinationthat may have beenmoreeffective, suchasseen
andopen-bookexams,wereruled out on the groundsthat we have no control of
the examinationproceduresn the our supportingoverseasnstitutions,andthese
would be difficult to regulate.

All this presentsomethingof a problemfor assessing programmingcourse,
andthis problemhasnot beensolved satishctorily It is very easyto setan ex-
aminationthat testsa student factualrecall, and not very hardto setone that
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teststhe students superficialunderstandingf theory It is extremelyhardto set
an examinationthattestsdeepcomprehensiownf difficult conceptslt is this deep
comprehensiothatmalkesit possibleto developusefulcomputeprogrammesand
withoutit nothingof valuecanbeachieredin this subject.

Moreover, becausdhe ‘coursavork’ componentf the coursenow carriesa
relatively small contritution to thefinal grade,it is difficult to setanexercisethat
is extensive enoughto beinteresting.

A further problemin the distancdearningervironmentis the varying cultural
interpretatiorof termslik e ‘plagiarism’. Evenin the West,thereis a surprisingdif-
ferenceof opinionbetweerstudentsaandacademicsandamongdifferentstudents,
aboutwhat constitutesplagiarism’ [Ashworth et al., 1997]. To reducethis prob-
lem, the coursematerialincludesa very detailedstatemenaboutwhat constitutes
reasonabl@racticein the context of this particular course.

3.2 Evaluation

The new coursewastaughtto 66 local studentsas part of an MSc programme.
Thereis no reasonto think that the studentbody was significantly differentin
backgroundor capabilitiesfrom the studentswho studiedthe courselast yearin
‘traditional’ mode,sothis groupis usedfor comparison.

At thetime of writing we do not have informationaboutstudentsexamination
performancean the new course,so evaluationhadto be on the basisof student
feedbackandcompletionrates.| obtainedfeedbackirom studentsn threeways.
First, by informal discussionduring and after classes.| tried asfar as possible
to obtaincommentsrom the complete(local) studentbody Secondat a formal
meetingof studentrepresentaties that was chairedand minuted. Unusually the
students’commentsand concernswere similar in the thesefeedbackexercises.
Third, by e-mail.

4 Reaults
4.1 Student feedback

| received, andrepliedto, over 600 e-mail messagesuring the ten-weekrun of
the course. If divided evenly amongthe 66 studentghis would amountto about
nine messageper student. However, the division wasfar from even, in termsof
studentsor of time.

Lessthanhalf the studentsontactedneby e-mailatall. Lessthantenpercent
contactedne morethanonce. However, a few studentscontactedne morethan
twentytimeseach.

It wasnotablethatlessthan10% of thesee-mail communicationsvereabout
mattersthat | would considerto be ‘academic’. Over 90% were administratre,
andconcernedlifficultiesin installingsoftware,inability to find thingson the CD-
ROM, andinability to getaccesso computeresourcesThefollowing is anexam-
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ple of suchane-mail;clearlythis students trying to getto theroot of the problem,
but lacksthe knowledgeevento follow the step-by-stepinstructionsprovided.

Kevi n

| amtrying to install JDK on my conputer
at honme using the instructions on the

CD ROM | have conpleted step 1 but am
having problens with step 2.

| click start and control panel. | can find
system but there is no environnent
within this, so | can't set the PATH

My computer is an NT machi ne.

Am | nissing something?
Thanks
Fred

| did notanticipatethis level of helplessnesanddependencamongMSc stu-
dentsandclearlythisis something will have to think very carefullyaboutfor the
future.

FeedbacKrom studentsn persontendedto emphasizehe following points,
someof whichwill bediscussedn moredetaillater

¢ More thanhalf the studentssaidthatit wasquite difficult to follow course
materialsdisplayedon a computerscreenandprintedmaterialswvould have
beenpreferred.

¢ Only about20% of studentssaidthattherewereableto follow the courseat
the paceoriginally intended. About 60% of studentdinishedthe coursein
twelve weeks(which is the maximumthatwasallowed), ratherthanthe ten
weeksthatwasoriginally planned.About 20% of studentsever completed
the course,in the sensethat they were still studyingmaterialdesignedor
weeknineor earlierwhentime ranout.

e Almost all studentsclaimedto be spendingat leasteight hoursper week
on the course,andabout10% of studentsclaimedtwice this much. Many
studentsxpressedlifficulty in balancingthe demand®f this course other
coursesandtheir work anddomesticcommitments.

e Almostall studentsaidthatmostof thetime they spentstudyingthis course
wasspendingeading ratherthanin carryingout programmingexercises.
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e Most studentsverepositive aboutthe new style of teachingalthoughsome
werecynical aboutthe University’s motivationfor adoptingit. A humberof
studentsvereof the opinionthatwe wereengagedn a cost-saing exercise
(nothingcould be furtherfrom the truth; this coursewasshockinglyexpen-
siveto develop). Many studentsvereappreciatie of theopportunityto work
attheir own pace althoughin practicetherewasnot thatmuchflexibility in
thisrespect.

e Most studentsyegardlessf their overall performancewere of the opinion
that our expectationof their prior experienceandknowledgewereunreal-
istically high. About 20% of studentswho were makinglessprogresghan
their colleaguesclaimedthatunrealisticexpectationsverethe causeof this
situation. Whenasled to accountfor the factthat someof their colleagues
weremakingbetterprogressmostof thesestudentlaimedthattheir class-
mateshad more prior programmingexperience. In fact this is manifestly
untrue;only onestudentout of 66 hadany prior experience.

4.2 Completion rates

Becausehis coursewasdesignedor distancdearning,a numberof studentsde-
cidedthatthey preferredto studyentirely away from the University About 40 of
the 66 studentsattendedevery tutorial class. Threestudentswithdrew from the
coursecompletely(this is similar to the withdrawval rate— four out of 115— with
traditionalteachingastyear).

5 Discussion

5.1 Theuseof interactive materials

Fromthe outsetit waservisagedthat studentsvould interactwith the on-linema-
terialin awell-definedway. We chosetheorderof thereading gxercisesreflection
andtestsvery carefullyin anattemptto leadthe studentghroughthe materialin a
rationalway. In practice howvever, studentdendedto focuson thereading,to the
exclusionof everythingelse. This wasdespitethe fact that eachweek’s material
startedwith a statemenbf the amountof time we expectedstudentso spendon
eachcomponentClearlythe studentslid not follow theseguidelinesvery closely
Becausehe studentdendedto seestudyasprimarily an exercisein reading,they
regardedthe CD-ROM as an informationresourcejike a textbook. However, it
is not very easyto readlong sectionsof text on a computerscreenand| did not
envisagestudentsioingthis. Moststudentexpressedwishto have the CD-ROM
materialin a paperform, which would have completelydefeatedheinteractvity.
Of coursesomereadingis essentialput therearea greatmary excellenttext-
bookson this subject.In future we may getbetterresultsby reducingthe amount
of readingmaterialon the CD-ROM, andjust giving morereferencego textbook
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pages. Anotherapproachmay be to prevent the studentsgetting accesso more
readingmaterialuntil they have completedall the exercisesn 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

Problemsn this respectbecameapparentalmostfrom the first day of the course.
For example,to be ableto executeJava programs studentsmustbe ableto com-
pile them. This meansthat they mustbe ableto install the compiler software. |
mistalenly consideredhisto beatrivial task,especiallyasthe studenthadaccess
to detailedstep-by-stefnstructionswritten by myself,andevenmoredetailedin-
structionson the suppliers Website. In fact,not only couldabout20%of students
notinstall this software unaided six studentgenderedheir computersnoperable
in the attempt. Thereasorfor this latter problemwasrapidly discosered,but not
easyto communicatevia the bulletin boardande-mail. In ary event,the affected
studentshadaccesgo neitherof thesefacilities, astheir computersvereinopera-
ble. The solutionturnedout to be very difficult to describeover the telephoneas
well. Whenl questionedstudentsaboutthis, a numberclaimedto have never in-
stalledsoftwareonacomputermary saidthatthis wasataskthatnormallycaused
themsomedifficulty.

Althoughthis courses intendedor studentswith no programmingexperience,
it hasbeenquite difficult to dealwith the concomitantiack of generaltechnical
experience For example the coursematerialusestermslike ‘megabyte’,‘applet’,
and‘file’, assuminghatstudentill know whattheseerms.Very oftenthey have
a superficialunderstandingFor example,a studentmaywell be ableto statethat
amegabyteis amillion bytes(or thereabouts)ut have noideahow muchstorage
this representsomparedio the total memoryavailable to a computerprogram.
This shouldnot really have beena surprise;it is by learning programmingthat
peoplegainanin-depthunderstanaf mary technicalaspect®f computing.

5.3 Adapting to anew learning paradigm

Moving from a learningervironmentwhich is ‘teachefrcentred’to onewhich is
‘student-centredis likely to be a problemfor studentswho have beenexposed
only to theformer. The useof distancdearningmaterialss very mucha ‘student-
centred’ervironment,in thatstudentsnusttake greateresponsibilityfor planning
their study seekingnformationand,mostimportantly articulatingtheir problems.
In this course studentaverelessadaptabléo a nev modeof studythanwe an-
ticipated.Most studentslid not take muchadwantageof facilitieslik e e-mail, bul-
letin boardspr on-linereferencesourceslt is possiblehatour‘supporteddistance
learning’schemealoesnot offer the bestof theteachercentredandstudent-centred
philosophiesaswas intended;perhapghe existenceof tutorial sessiongprevents
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studentdrom makingthetransitionto self-motivatedstudyby allowing studentgo
‘save up’ their problemsfor the next tutorial sessionratherthanusingthe on-line
communicationgacilities.

However, teachingthis particularsubjectto the (non-technicalstudentonthe
coursewithout explicit face-to-Acecommunicatiorbetweerteacheandstudents
almostinconcevable. Studentsareoftenunableto articulatetheir difficulties,and
needaskilledtutorto getto therootof theproblem.Very oftenthee-mailmessages
sentby studentdisplaywhatappeargo be a staggerindack of comprehensioof
the subject,but on closerexaminationit turnsout thatthe studentlacksonly the
ability to expressatechnicalproblemin clearprose.

That studentswvere unableto make full, effective useof on-line resourcess
broadlycompatiblewith thefindingsof [Solovay andWallace,1997],and[Law-
headetal., 1997], who reporteda numberof Internet-basetieachingexperiments
that had beenless successfuthan expected. This is clearly an areathat needs
furtherdevelopment.

5.4 Problemswith exercises

Althoughstudentavereableto carryoutmostof the exercisessetin theinteractve
material,in mary casegheir notionof ‘satisfactorycompletion’'wasvery different
to mine. In somecases studentscompletedexerciseswithout graspingthe prin-
ciplesthey wereintendedto demonstrateTo anextent| exacerbatedhe problem
by including ‘hints’ on carryingout the exercises.lt is difficult to write ‘hints’ on
programmingexerciseshatdo not, to a certainextent, give the gameaway. This
encouragedtudentgo constructan answerfrom the hints, ratherthangrappling
with difficult problems.

In additionit is hard,with alarge groupof studentsto ensurehatall students
are gettingthe full benefitof the exercisesthatthey do complete. Somescheme
needgo be developedthatallows studentdo verify thatthey have extractedfrom
eachexercisethekey knovledgeandskills.

6 Recommendations

1. Interactve materialneedgo be preparedn suchaway thatthe valueof the
interactvity is emphasizetb studentsin thiscourse] couldusefullyreduce
theamountof readingmaterial,andperhapgrohibit accesdo later units of
materialuntil a satisactory numberof exercisesrom the lastunit hasbeen
completed.This prohibitionneeddo beenforcedoy software,ratherthanby
atutor.

2. In distancdearning,it is muchharderfor studentgo find the meaningof an
unfamiliar term or concept. In a first programmingcourse,we needto be
awarenot only of thestudentslack of programmingknowledge,but of their
lack of knowledgeof technicalcomputingin general.Providing a technical
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glossarywill go someway towardshelping studentscopewith thesediffi-
culties, but ultimately | needto revise the way in which somepartsof the
coursearewritten.

3. If studentsareexpectingto getsomeface-to-aceteachingthentheamount
of on-lineassistancen theinteractive exercisesshouldnot betoolarge.

4. If studentsare expectedto communicatewith tutors and eachotherby e-
mail, for example,thenthey needto be encouragedo startdoing this from
the outsetof the course.Merely providing thefacilitiesis not sufficient; use
of on-lineresourceseedso beanintegral partof thecourse perhapdinked
to assessmentThis may be even more importantwherea mixture of on-
line andface-to-acecontactis provided, asstudentswill tendto wait for a
face-to-cemeetingto air their problems.
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