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Intr oduction

Many formsof academialishonestyarefoundin programmingcoursesThis articlelooks
at plagiarismof programs: whenstudentsopy all or partof a programfrom somesource
andsubmitthe copy astheir own work. Thisincludesstudentavho collaborateandsubmit
similarwork. Suchplagiarismis felt to becommon thoughthetrueextentis hardto assess.
Quotingfrom [12]: “As with Nessieof Loch Nesstheredoesnot seento bea clearpicture
of this beastpnly a variety of eyewitnessreports.

This article focuseson two events,referredto hereasthe UTSAexperimentandthe
MIT incident During thefall 1990andspring1991 semesterat the University of Texas
at SanAntonio, anexperimentdetected9 studentsn a datastructureourseinvolvedin
plagiarism.In the spring1990semesterthe Massachusettistitute of Technologydisci-
plined 73 studentdor cheatingn abeginningprogrammingcourseg1]. In bothcaseghere
wasa specialcheckfor copying thatwasnot commonpracticeat the schoolandwasunan-
ticipatedby the students.Theseeventsspanthe spectrumfrom a smallerstateuniversity
to a prestigiougprivateschool,andin both casesstudentsnvolvedrangedfrom freshmen
to seniors. The eventssuggest signi cant plagiarismproblemin programmingcourses
everywhere—perhapsioreof a problemthanmary realize.

Plagiarism of student programs has fundamental differences from ordinary
plagiarism—makingt easierto carry out and harderto detect. In contrastwith a stu-
dentwriting anEnglishtermpaper beginning programmingstudentgypically work in the
sameervironmenton the sameproblem,andoneexpectssimilar resultingprograms.The
outputdatamayhave anexactrequiredform. Studentsancopy andexchanggprogramsn
machine-readabli®rm, andcanusean editorto make extensve changeshatdo not affect
programexecution.

Theterms®“copying” or “plagiarism” referto unequvocal casesf copying anentire
programor mostof a program. Evenif thereare mary editedchangestheremustbe a
structuralsimilarity betweenthe two versions. This article usesthe criterion that some-
oneknowledgablein computerscienceshouldbe corvincedbeyondreasonableoubtthat
the similaritiesresultfrom copying In the eventof suspectedopying, the schoolor de-
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partmentwould have to apply their own criteriafor plagiarism.Whatseemsobviousto a
computerscientistmight not be corvincing to someoneslse.

This article rst considersvhatstudentsdo whenthey copy andwhy they doit, in-
cludinganexhaustvelist of reasongor copying. Next thetwo eventsmentionedabove are
examinedin detail. Finally the paperpresentgxtensive recommendationslhefocusis on
prevention,ratherthandetectionandpunishmentTo quotefrom the excellentarticle [12]:
“Preventingtheincidenceof cheatings far preferableo expendingeffort establishinghat
cheatinghasoccurredandtaking action againstthe studentsnvolved. Whenit is possi-
ble to do so without compromisingeducationafjuality, coursesand supportingcomputer
usage[should] be organizedto avoid situationsin which studentamight be pressuredr
temptedto cheaf. The presentarticle coverssomeof the samematerialas[12], though
with a focuson two striking andsoberinginstance®f plagiarism.Oneconclusionis that
an unannounce@nd unexpectedcheckfor plagiarismin any programmingcoursemight
uncover a surprisingamount.

As the authorof this paper | amnottrying to claim someself-righteousnoral high
ground. Studentsvho plagiarizemustbe dealtwith rmly but with compassiorandwith
anunderstandin@f their right to a presumptiorof innocenceIn the endplagiarismmust
beresistedoneway or the otherbecausé underminegearning.

What Students Do

Academicdishonestyis not limited to plagiarism—considethe variouswaysof cheating
onexams.By de nition themostsuccessfuépisodegio undetectedCertainlystudentsan
shav incredibleingenuity For examplethe authorencounterea studentn alarge section
computercoursewho, afteranexamwaspassedack,retypedit on new ditto mastersran
off asinglecopy, and lled in mostly correctanswerdrom the answersheet. As a nal
twist, the student‘graded”it, arriving at a gradeof 84, whenthe actualgradehad been
48. The studentlater producedthis new exam, claiming that the teachingassistanhad
transposedligits in recordingthe grade. This studentwas only caughtbecausehe new
exam,thoughtypedwith amazingaccurag, wasin thewrongtypeface.

Studentscommonlycopy all or part of a programfor an assignment.They copy
from othercurrentstudentsfrom paststudentsfrom les of old programsandfrom text-
booksandothersourceof programs.Someof this copying might be acceptabléo certain
instructors.

Studentsalso get help from othersin writing or delugging their programs. The
amountof helpgivenandthelevel of helpacceptabléo aninstructorvariesgreatly

As anothercommonpractice studentsedit a programs outputbeforeprinting. Even
a reasonablestudentmay get 90% of the code complete,producingmostof the correct
output, andthen make up 10% of the codealongwith the correctoutput. This practice
arguesin favor of studentsmailing their programsourcefor compilationandexecutionby
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theinstructor

How Students Copy

Somestudentssubmita copy of anotherstudents programwith almostno changes—
perhap=nly the namechanged.(In the UTSA experiment,one studentforgot to change
the name.) Otherstudentgyo to greateffort to make the copiedprogramappeardifferent

from theoriginal. Someof thechangeshey make arelistedin Tablel.

Somestudentobtainprogramsourcein electronicform, usuallyfrom someoneco-
operatingwith them, or lessfrequentlyby breakinginto a computeraccount.Otherswill
copy from alisting, eitherbeinggiventhelisting, stealingit, or nding adiscardedisting.
Collaboratingstudentsnaywork togetheron a singlesourceprogram.

As an example,two separatgrogramsturnedin from the UTSA experimenthad
mary similarities, including the executablestatement'count := count” as the target of
an if-statementand “Counts := Counts” as the target of the correspondingf-statement
in the other program. This is a bit of redundantinsanity that hasno effect on program
execution. Most likely the studentswvere worried aboutnegatingthe if expression. The
sameunusualconstructin both programsis what one might call a “smoking gun”—an
unequvocalindicationof copying.

Why Students Copy

Studentopy a programbecausehey have troublewriting it themseles(lack of ability),
or becausehey do not have time to nish it (lack of time), or because¢hey wanta better
result.

Table 2 presentsa surprisinglylarge numberof factorsthat addto the chancesf
copying. Eachitem is followed by typical justifying comments.Thereseemto be enough
factorsherefor every studentto nd somereasonto copy—perhapsthat is part of the
problem.Table5 examineghesefactorswith agoalof alteringthemto lesserthelik elihood
of copying.

Many motivationsfrom Table 2 were found with MIT' s students. The article [1]
refersto a“senseof entitlement’developedoy somestudents—thefelt they hadputin so
muchtime thatthey shouldgeta goodgrade. Studentsare quotedassaying: “Y ou could
checkfor cheatingin ary classandyou'd certainly nd asigni cant portionof the people
cheating—think it' soneway of gettingthroughMIT.” Oneseniormechanicaéngineering
studentsaid he “felt underintensepressurebecauseveryoneelsewasgetting100's and
his programdid not quitework.” Oneof cial is quotedassaying:“What is emegingfrom
our experiencds asensaghatmary MIT studentseetheinstituteasanobstaclecourseset
up by thefaculty Many feelthattherequiredwork is clearlyimpossibleby straightforward
meansandthatany meanghatmakessurvival possibles allowed. We foundstudentsvho
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felt thatthe majorproblemwasgettingcaught.

The UTSA Experiment

The authordevisedan experimentat UTSA to look for copiedprogramsn all sectionsof
a datastructureourseover two semestersStudentgecevedthe following written rules
aboutcopying: “In practice for this courseyou maydiscussassignments generaterms,
but you arenot allowedto shareary detailsof actualalgorithmsor of programcode. You
may helpsomeonelsedehugtheir programaslong asyou do not startsubstitutingn your
own codewhenthereareproblems.Turningin a copy of someoneeslses program,evena
copy with extensve changesnadeto it, is a very seriousoffensein this cours€. Students
weretold to handin a programlisting andto E-mail the programsource. They were not
told aboutthe experimentbut weretold in writing that mailing the sourcewas “another
basiccourserequirementto resole ary possiblequestionsor problems.

The author suggestedo the instructorsthat they exercise“normal” vigilance in
checkingfor copying, i.e., no elaboratechecking,andno checkingat all acrosssections.
Theinstructorsknew aboutthe experiment,but understoodhat no resultswould be avail-
ableuntil afterthey turnedin grades.The authordecidedin settingup the experimentto
useresultsonly for statisticalpurposesndnotto initiate any disciplinaryaction.

The MIT Incident

During the spring1990semester239 studentsnished the course’CE 1.00: Introduction
to Computersand ProblemSolving” at the MIT. This course,describedas “popular but
dif cult” in [1], wasa requiremenibf the six civil engineeringstudentsenrolled,but is
taken electvely by about40% of MIT undegraduates.The enrollment gures in Table
4 showv that mary studentstake the courseearly in their studies. Non-cvil engineering
majorstake the coursebecausét satis esa scienceadistribution requirementndhelpsget
employment.

Theinstructor ProfessoNigel Wilson, did not give written rulesfor the course(he
doesnow), but said[1] hehad“spelledoutwhathefelt wereclearguidelinesonacceptable
collaboration...It would beall right [for students}o work togetherin theinitial stageof
eachassignment.. But ... it would notbeacceptabldor studentgo collaborateonwriting
the programs. Help wasavailablefrom teachingassistantsandstudentsvereencouraged
to seekthis helpwhenthey got stuck. They couldalsogethelpfrom otherstudentdo get
aroundspeci ¢ bugs—the just couldnotcodejointly.

Lateatnightastudengave ProfessoWilson atip thattherewasa problemwith pla-
giarismin the course.ProfessoWilson is quotedassaying[1]: “The studenthadworked
very hardandwasvery frustratedthatothersweregettingmorecreditthanthey desered”
Sourcefor assignmenthadbeensubmittedoothin hardcopy andelectronically Professor
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Wilson and his teachingassistantrst monitoredone assignmentind seeingthe results,
extendedthe monitoringto the four remainingones.

Software to Detect Plagiarism

Ideallyit shouldbeharderto copy successfullythanto write the programfrom scratchand
softwaredetectionshouldwork evenif studentsknow the particularalgorithm.

The problemat issueis a specialcaseof le or stringcomparison.Thereis alarge
body of literatureon suchproblems[11], mostof which is not of useherebecausef the
changeshatareoftenmadeto copiedprograms.

Referencd3] gathersstatisticsaboutprogramfeatures but this approachdoestoo
weak a comparisonand generatesoo mary falsealarms. The referencg6] considersa
complex comparisorof the structureof programsastreesof procedures.

At MIT, the software useda statisticalapproachsimilar to [3], with an objectve
function basedon the numberof for's, ands, if's, elses, and or's. Possibleduplicates
identi ed by this functionwereexaminedvisually.

Theauthorandtwo undegraduatestudentsat UTSA usedtheapproactof [5], along
with apreprocessingtagethatremorzedcommentsmadeletterslowercasegdeletednames
exceptfor resened words, replacedconstantnamesby the constant,prettyprinted,and
removedmaterialin quotemarks.Thenfor eachpairof resulting les, thesoftwarecounted
thenumberof linesthatoccurexactly oncein eachle.

Dick Gruneof Vrije Universiteitin Amsterdamhaswritten a sophisticategbrogram
to testfor plagiarismin avarietyof languagesThis softwaredoesa drastictransformation
of eachsourceprogramto amuchshortercharactestring,andthenin pairs nds matching
substringof decreasindengths.lt doesa goodjob of detectingplagiarismandis available
via anorymousftp [4]. Theauthorusedthis tool to recheckall the programan the UTSA
experiment.

Results of the UTSA Experiment

The UTSA experimentuncoveredan alarmingamountof copying—far morethanthe au-
thor expected(seeTable3). Therewere8 studentsn thefall and21 studentsn the spring
involved,wherethis might not meanthatthey knew copying occurred.

Two “A” studentgeportedfour incidentsof apparentlystolenlistings. In eachcasea
studeninvolvedin otherepisode®f copying latersubmitteda copy of the stolenprogram.

Two collaboratingstudentswho turnedin copiedprogramsmailed their sourceat
nearlyidenticaltimes—inonecasethetimestampsglifferedby 1.5seconds.

From the storeddatait would be possibleto retrieve the namesof the studentan-
volved. Thereare studentswvho did not earntheir grade,thoughsorting out who copied
from whom would be a dauntingtask, even involving studentsvho have graduatecand
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left town. Also two instructorsgave permissionto carry out the experimentwith the un-
derstandinghat only statisticswould ever be released.For thesereasonghe authorhas
decidednot to follow up on ary students.Someindividualswho reviewed this article ex-
pressednisgiingsaboutcoursefailurescausedy hiddendetectionsystemsOtherswere
upsetthatnothingwasdoneto disciplineary dishonesstudents.

Results of the MIT Incident

At MIT anastoundingamountof copying occurred—380ut of 239 studentenrolledwere
referredto the MIT Committeeon Discipline. In the end, 73 studentswvere disciplined.
Quotingtheinstructor Nigel Wilson [1], “... aneight-monthinvestigationdeterminedhat
[two] studentstoleothers'[listings], andatleastonestudenfobtainedanothers passverd]
andstolethe programelectronically But the majority of the 73 studentsvorked together
in somefashion,andit wasdif cult to tell who did whatwork. A greatmajority felt what
they haddonewasinappropriate But somefelt it wasO.K., andsomehadnot understood
my instructions. They hadgenuinelyengagedn joint coding? The largestcollaborating
groupwas 8, but 2 wasthe mosttypical size. About 10% of the submittedassignments
werecopieswith no changegexceptthename).

Probatiorwasthedominantpunishmentbut severalstudentsveresuspendetbr one
semesterNo studentsvereexpelled. About half of the reducedgradeswereto zeroand
remainingoneswere reducedby 50%. Table 4 givesadditionalstatisticsrelatedto the
incident.

General Recommendations

Therearetwo waysto reduceplagiarism.Oneis the hardline strateyy: theinstructormust
catchstudentsvho copy andmake surethey never copy again. Suchapproachesvolve
vigilance,no concessionsandstrongpunishment.Thesepeoplemight objectto elements
of a coursethat lessenthe needto copy, andmight favor “entrapment”strateies, where
apparenbpportunitieso copy areclever trapsfor copiers.Many peoplefeel this hardline
approachdoesnot createa good atmospherdor learning. Referencgd12] recommends
avoiding“an oppressie environmentin which studentsareconstantlyaware thatthey must
notevengive theappearancef cheating.

Instead this article promotesa compassionatstratgy: try to eliminatecopying by
changingactorsthatinducestudentgo copy. Make no mistake, theauthoris notproposing
to condonecopying. Oneneedsrm policiesfor dealingwith instance®f copying, includ-
ing agraduatedcaleof punishmentsAlso oneoughtto beableto explain to studentavhy
they shouldnotcopy.

Therealissueis learningto program,andcopying is oneof mary thingsthatgetsin
theway of learning. In catchingandpunishingcopiers,oneis not directly promotingary
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learning.The summaryrecommendationemphasizg@reventionratherthanpunishment.

Strategies to Lessen Copying

This sectionsuggestspeci ¢ actionsto lessernthe students perceved needto copy or to
lesserthelik elihoodof copying. Theitemsof Table5 mirror thereasongor copying given
in Table2. Table6 listsadditionalactions.Many of theserecommendationsouldimprove
thecourseindependentf thecopying issue.Table5 andTable6 canbe usedasexhaustve
checklists.

Severalitemsin Tables5 and6 arecontroversialor desere further comment. The
issueof deadlinesandlate programdgs comple. No deadlinesat all or too lenienta pol-
icy towardlate programss detrimental—studentsave mary demand®nthemfrom other
courses.If deadlinesarenot tight, a late programcan starta domino effect, whereeach
programsuffersin quality or is late dueto thework requiredby the previouslate program.
Somepeoplearguethattight deadlineswith no late programsaccepteds bestfor the stu-
dents.They saythisis likethesituationin industry If thisis thepolicy, it shouldbeclearly
stated.Thereshouldalsobea policy for studentsvith unusuaproblems.Onecompromise
allows studentdo work pastthedeadline put they mustturnin somethingtheir besteffort,
by thedeadline.

Surelyall programmerfiave encountered persistenbugthatwasdif cult toisolate.
Studentdave particularproblemswith suchbugs— ndingthemandrecoveringfrom them
is an importantpart of their education. But one should provide help in delugging and
shouldbe e xible in specialcircumstances.

Thelevel of dif culty of programmingassignmentss anotherproblemarea. Some
instructorsaddfeaturesuntil anassignmenits quite hard. They mayaddarti cial features
that sere only to requirea moredif cult program. The authorrecommendshe oppo-
site: taking a substantiataskandaddingarti cial simplifying assumptionshat make the
programeasierto complete.Instructorsshouldalsoconsiderassignmentshatfocuson a
singletopic or goal.

Gettingtherulesdisseminatedjnderstoodandagreedo is hard. Thiswasaproblem
in theMIT incident[1], wherea studentsaidProfessoWilson's instructionson whatwas
acceptablecollaborationand what was cheatingwere unclear whereasProfessoiWilson
felt he had given clear (verbal) guidelines. Rulesmustbe carefully craftedto be clear
complete andunambiguousandthey mustbewritten.

A colleagueof the authoroncegave a classwritten rules, writing in part: “You are
to completeyour assignmentsndividually .... The work you turn in mustbe your own
work!” He alsosaidverbally: “Do not work together In caseof any doubtaboutwhatis
acceptablegometalk to me rst.” At auniversityhearingthe lawyer for a studentaccused
of collaboratingarguedsuccessfullythatthe ruleswerenot clear The studentcompleted
his work individually, it wasamgued,eventhoughhe didn't startit individually. The work
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hehandedn washis own work—andalsosomeoneelses.

This last anecdotdllustratesthe increasingfear of litigation. Studentsandfaculty
now sharea new setof rules,wherea students casemight be defensiblenot becausehe
studentactuallycheatedr not, not becausé¢he studenkneav heor shewascheatingor not,
but becausehe instructorcould not prove that the studentwas undeniablycheatingand
becausehe instructorcould not prove thatthe studentknew thatthe cheatingwasagainst
therules.

The needfor ethicseducationhasbeenrepeatedlyrecognizedboth by the CSAB
accreditingageng andin the new ComputingCurriculum1991[13]. The authorrecom-
mendsa shortsggment(several lecturesintroducingethicalissues)in the rst or second
programmingcourseand a shortsggmentin an advancedcourse,suchas software engi-
neering. Studentsn suchsegmentscarry on a surprisinglylively discussion.In factthey
often expectno controversyinitially—they expectagreementith their positionandare
themselessurprisedoy the opinionsof their peers.Goodtexts for sggmentson ethicsare
[2], [7], and[8]. See[9] for a shortarticle that would stimulatediscussions.The ACM
Self-AssessmerRroceduralealingwith ethicsin computing[14] containghe ACM Code
of Ethicsandcasestudies.Seealso[10] for casestudies.

Unfortunatelysomecomputerscientistsegardethicsinstructionasa wasteof time.
They arguethatthereis no roomin the syllabus for ethics,andthatit would be hardto
presentin a uniform andresponsiblemanner They also argue that teachingethicswill
not make studentsbehae ethically All thesereasonsconspireto keepethicsout of a
curriculum. Ideally, a departmenshouldhave oneor two faculty membersesponsibldor
helpingthe studentdiscussethics. Thenstudentsandfaculty alike would realizethat no
oneis trying to make thembehae accordingo someethicalnorm. Thegoalis for students
to think abouttheseissuesandform their own opinions.

What to do in Case of Copying

Now suppose/ou areaninstructorfacedwith copying. Table7 givesactionsto consider
Someinstructorsfeel the bestoutcomeis to avoid a formal complaint—perhaps zero
gradeon the assignment.This is often a quick and corvenientresolution,but not neces-
sarily the bestcourse—astudentmay later contestthe outcome.Thereis no recordof the
offenseandno possibility of anescalateghenaltyin caseof arepetition.

A commonoutcomeof aninterview with two studentavho submitcopiedprograms
is for thembothto dery any wrongdoing.Onecouldaskthe studentdo explaintheir code,
asrecommendech [12], but sucha small“oral exam” putsalot of pressureon students.

A seconccommonoutcomeof aninterview is for studentgo admitto somecollabo-
rationbut to dery line-by-linecopying, evenin thefaceof clearline-by-linesimilarity. One
shouldbe carefulhere:for examplea teachingassistanmay have helpedseveral students
with exactly the samesuggestedode.
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Thediscovery of plagiarismcanbedisconcertingandfrustrating,evendemoralizing.
Supportfrom peers,university discipline committees and administratoramay be weak.
Studentreactionscan be unsettling,asthey dery ary plagiarismor justify their actions
with no sign of remorsewith faked remorse pr with remorseonly at gettingcaught—as
they bringtheirown lawyerto ahearing.Theactiondlistedin Table7 oftencomewhenthe
instructorhasmary othercommitments.

Why Not Copy?

If onefeelsstronglythatstudentsshouldnot copy, thenoneoughtto give themreasons.
Table 8 attemptsan answer In the endonehopesthat eachstudent nds reasondor not

copying. Thesdssuesouldalsobediscussed anethicssegmentin thecomputerscience
curriculum.

Sample Forms

Table9 presentasamplerulesform, askingstudentgo signindicatingtheirunderstanding.
Onecould usea similar form that asked themto agreeto abide by the rules, or a form
with no signature.In contrast,Table 10 promotesmoreof a humanestrateyy involving a
commitmentalmostlik e a contract.

Conclusions

Thisarticlehasdescribedwo signi cant plagiarismevents:anexperimeniattheUniversity
of Texasat SanAntonio usedto detectcasef copying of programsandan unexpected
plagiarismincidentat the Massachusettsistitute of Technology A greatdealof copying
occurredduring thetwo semestersf the experimentat UTSA, andeven moretook place
in theMIT incident. Theseresultssuggesthatcopying maybewidespreadThearticlehas
alsopresentedeasonsvhy studentsopy andstratgiesto lesserthis copying, suggesting
positive alternatvesto threatsof punishment.

In summary the authorrecommendshat schoolsmake educationafoalsforemost
andthatthey try to emphasiz@reventation.A schoolshouldstudyits plagiarismproblem
carefully, interviewing faculty andstudentsandlooking over all the itemsof Table5 and
Table6. The authorparticularly suggestvariousimprovements—tahe hardware, to the
working ervironment, to assignmentsand to the curriculum, including the addition of
ethicsinstruction.Finally, a schoolshouldusesoftwareto detectplagiarism.
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Table 1. Changes Students Make to Copied Programs.

Change comments.

Change names.

Chang case

Reformathetext.

Reoderthetext.

Addor deleteredundanelements.
Redostandad constructssud asloops.
Rewrite.

Table 2. Factor s Contrib uting to Copying.

Factors That Increasethe Lik elihood of Copying. (Refer to Table 5 for strategiesto
lessenthe needand the opportunities to copy.)

I. Courseorganization.

a. Tightor shortdeadlinesNo late programsacceptedLittle or no partial credit.
“I hadto copy to meetthe deadlin€. “I hadthe program90% nished, but |
still getazeroif | turnit in.”

b. Dull, boring assignments.No connectionwith real world problems. Lots of
busywork. “Why not copy—I wouldn't get anything out of this assignment
evenif | did it myself’

c. Assignmentthat seemmpossiblyhard. “Y ou have to copy in this course—its
theonly wayto nish.”

d. Courserulesnotdisseminatedjndestood,andagreedto. “I didn't know there
wasarnything wrong with the copying | wasdoing. And besided didn't agree
notto copy.”

e. Assignmentsnadeand duenearthe endof theterm. “The instructorpiled on
work attheend”

f. Thecoursepoorly taught. “What a rotteninstructor! | didn't feel badat all
aboutcopying”

g. Failing studentsvhodon' turn in mostprograms.“The instructorrequires70
percentof the programmingoointsto passregardlesof exams’

h. Old assignmentseused.Assignmenttaken fromreferencebooks.“My friend
did this assignmenfastsemestet



Plagiarism by Student Programmer s Page 12

i. Large class.Differentinstructors usingthe sameassignments:My friend and
| submittedthe samecodeto two differentteachers.

j. Acceptinglate assignmentsafter other students'work hasbeenreturned. “I
just copiedmy friend's programafterhegotit back’

k. Aslowor easystartin a course “By thetime | sav how hardthe coursewasit
wastoo lateto drop”

II. Schoolenvironment, CS curriculum, computer consultants.

a. An ervironmentwhele studentscopy without being caught. “The othersare
copying—why notme?If | don't copy I'm atabig disadantagé.

b. A history of leniencytoward copyingwhenit is detected.“Evenif I'm caught
they won't fail me”

c. Sdool rules not disseminatedyndesstood,and agreedto. “I didn't know our
schoolhadary rulesagainstcopying.”

d. No ethicsin the curriculum. No otherdiscussiorof the ethicsof copying “As
far asI'm concernedtheres nothingwrong with plagiarism. Justdon't get
caught.

e. Inadequateor unavailableconsultants.“It took me a weekto learnto usethe
schools computersystemwith no help,andmeanwhilea programwasdue’

f. Aterminalcourse or a courserequired of non-CSmajors. “This courseis just
a silly degreerequirement.| don't needto know this materialfor arny other
courseor for employment’

g. Poor advising Rigid drop policies. Poor coursedescriptions.”l gotinto the
wrong course—inover my headandit wastoo lateto drop”

h. Studentgputtingoff a required programmingcourse “I alreadyhada job con-
tingenton nishing my degre€’.

[1l. Hardware environment.

a. Poor hardware, i.e., slow hardto use “It took veminutegustto getaprogram
compiled:

b. Poor workingernvironmentj.e., restrictedhours, poor accessno phoneaccess.
“Youwait in line for anhourto getaterminalandthenwait for the systemto
respond.

c. Overloadedmadinesor poor accesstoward the end of the term. “The last
weekof classesvascrazy—hordesf studentsll nightlong”

d. Requiringthatcampusmadinesbeused.“l couldnt usemy own machineand
| justcouldnt make it to campusoftenenoughto nish the programs.

e. Listingscanbestolenor retrievedfromtrashcans.“l wastemptedby alisting
sitting thereby me?”
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f.

Programsouirce easilyexchanged. “I couldnt believe how easyit wasto have
afriend mail me his program’

V. Factorsrelatedto the student.

a.

Externalfactors requiring a certain performancei.e., probation, visa status,
scholarship. “I losemy scholarshigf | don't geta 'B".” “I' Il be deportedf |
fail this coursé.

Externalfactors interfering with the students coursework, i.e., course over-
load, employmentemotionalproblemsfamily problems.“Becauseof personal
problemghealthproblemsetc.] | didn't have time for the programs.

. Copyingor poor prepationin the previouscourse “I copiedin thebeginning

courseandnow theres noway to catchup”

. Bugin a program.Dif culty gettingit to workat all or gettingit 100%correct.

“I neverdid getmy versionworking”

. A senseof entitlementsayfromhard work or high tuition. “With thetuition |

pay[thework | did] | desere to getthroughthis courseand nish my degre€’.
Ladk of time at endof term. “I hadtwo take-home nals andatermpaperdue
thelastweek.It wasphysicallyimpossibleto nish aprogramtoo”

Desire to impressthe instructor “I wantedthe teacherto think | wasa good
student.

Table 3.

Results of the UTSA Experiment.

Data Structuresl (CS1723),University of Texasat SanAntonio
Fall 1990(3 sections),Spring 1991 (3 sections)

Numbers of Studentsin Various Categories(italics = thoseinvolved)

Programs| Students | Students | Students | Total
Semester|| Mailed Dropped |Passed |Failed Students | Episodesof copying
(involved)| (involved)| (involved)| (involved)
Fall 90 232 27(1) 52(5) 7(2) 86(8) 4 pairs
Spring 91(|271 33(2) 39(14) |13(5) 85(21) |17 pairs,2triples,1 quad
Both 503 60(3) 91(18) |20(8) 171(29) |21pairs,2triples,1 quad

Details about groupsthat copiedduring the Spring 1991semester
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Student||1|2|3]4 |5|6|7|8|9|10]11]1213|14]15]16]17|18]19]20] 21|

Grade ||[C|C|C|A|F|F|F|FIC|C |C |C |W|A |C|W|F |C|C|B |C
Assignl|| (1|1 1 1 2 |2
Assign2(|1(2|2|3|3|4|4|1 515 3

Assign3||1(2|2|1 (2|33 4 |4
Assign4|| 1 1 212 |3 3
Assign5||1 |2 2 1

Assign6|| 1 31314 |4 2 1

Explanation:Oneachassignmeniline, studentsubmittingsimilar programsavethesame
digit asentry Thusstudentst, 5 and 13 submittedsimilar programsfor assignmentwo,

andthey recevedcoursegradesof “A”, “F”, and“W”. Italics= copying detectedluringthe
term.

Further notes:

Student5 submitteda copy of assignmenB without changingthe name, but the
similarity betweenstudents?2 and 3 on the sameassignmentvas not notedat the
time.

Student8 mailedassignmen® mary daysafterstudent9, andin anintervien admit-
tedto copying.

Studentd 0and11werecaughtcopying assignmen®, andreceveda“C” gradewith
azerofor thatassignmentThe copying of assignmen® wasnot noteduntil later.
Thereareatleast9 caseof two studentopying who thenbothpassedhe course.

Table 4. Results of the MIT Incident.

Intr oduction to Computers and Problem Solving (CE 1.00)
Massachusettdnstitute of Technology
Spring 1990(1 section)

Numbers of studentsenrolled and involved, broken down by class

Fresh| Soph|Junior | Senior| Grad | Total

Enrolled||92 57 |48 35 7 239
Involved| 34 16 |17 13 0 80

Distrib ution of problem setsduplicated
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Notes:

Number of studentswith
Oneduplicateset 26
Two duplicatesets 22
Threeduplicatesets 20
Four duplicatesets 11
Five duplicatesets 1
Total studentsinvolved |80

Only veproblemsetswereinvestigatedso veisthe maximumpossiblenumberof
duplicatedproblemsetsfor any onestudent.

33.5%o0f studentsvereinvolved(includesstolenlistings andstolenprograms).
30.5%o0f studentsveredisciplined.

15%of all possibleproblemsetswerepartof duplicates.
Thelargestgroupthatworkedtogethemas8, though2 wasby farthemostcommon.
Therewereno casesn which bothstudentsnvolvedin a copying episodedeniedall
knowledge.

Thereweresomeequivocalcasesvhichwereresolhedin the studentsfavor.

Table 5. Lessening the Need and Oppor tunities to Copy

(Based on Table 2)

I. Courseorganization.

a.

Review policieson deadlinesJate programs,and partial credit: Don't make
deadlinesoo short. Considera graduatedate penalty Use a tight deadline
thatdoesnt slip. The authorprefersliberal partial credit, especiallyfor minor
problemsandin beginningcourses.

Create interesting assignments:Some studentswill claim an assignmenis
dull—they needmaotivation.

Createreasonableassignments:Don't get carriedaway. Supply part of the
codefor amorecomplex program.Useharderoptionalor extra creditparts.
Review courserules: Supplyclear completeandunambiguousulesin writing.
Decidehow muchhelpstudentanget. Don't forgettheissuesof lifting code
from books.

. Lesserworkat term'send: Setup assignmentso studentsnish programming

early Easeup with thelastassignment.
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K.

Improvethe quality of teadhing.

. Considercarefully any policy of failing studentsvhodon't turn in mostof the

programs: Someinstructorsbelieve in this requirementandcountexamsmore
thanprogramsput this increaseshe chance®f plagiarism.

. Don't userepeatedr standad assignmentsEvensmallchangeselp.
. Avoid large classeor differentinstructors giving the sameassignmentThere

is anincreasedensef anorymity. Plagiarismdetectionsoftwaremay help.
Review the policy on acceptinglate assignmentsAgain plagiarismdetection
softwaremay help.

Don't get off to a slowor easystart: Indicatethe coursdevel earlyin theterm.

II. Schoolenvironment, CS curriculum, computer consultants.

a.
b.

Q-0

h.

Avoid a copyingervironment:The stratgjiesof Table6 mayhelphere.

Avoid a historyof leniency: The authoris notrecommendingno punishmenat
all—just noemphasi®n punishment.

Review school rules: Involve faculty andadministrationin formulationof uni-
formrules.

Includea discussiorof ethics.

. Provide consultantsTell consultantdiow muchhelpto give.

Givenon-CSmajors a choiceof required courses.

Ched on advising drop policies,and coursedescriptions:Checkat the begin-
ning that studentsbelongin the course. Startthe programmingright away to
indicatethe coursdevel (andto help nish the programmingearly).

Don't allow studentgo delaytakingrequired programmingcourses.

[Il. Hardware ervironment.

a.

b.

Improve the hardware: Evenif you cant changethe hardware, be willing to
make concessionbecaus®f poorquality or availability.
Improvetheworkingenvironment:Be atleastsympatheti¢o problemsesulting
from abadervironment.

Help with overloadedmadinesor pooraccessat theendof theterm: If thisis
known to bea problem,scheduleduedateswell beforetheterm's end.

Try notto require that campusmadinesbe used.

. Keeplistings from being stolenor foundin the trash: Control the securityof

studentlistings including pickup, and disposalastrash. “Removing a listing
shouldbe eitherdif cult or awkwardly obviousto the others.[12]”

Keep programsfrom being mailed: Turn off the mail featurefor beginning
students.
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V. Factorsrelatedto the student.

a.

b.

Help with external factors requiring performance:One canbe e xible about
deadlinesandstill maintainstandardsindrequirethe sameperformance.
Help with external factors interfering with course work: Most schoolshave
somesortof crisis optionfor unusuahardshipsBe sympathetic.

. Avoid poor preparationin previouscourses:Usetight standardsn prerequisite

coursesaandperhapsa minimumagradeto take thenext course.
Help with programbugs: Be understandingn caseof a bug.

. Countera senseof entitlement: Attitudeslik e thesemight be addressedh an

ethicssegmentaddedo the CS curriculum.
Help with lack of timeat endof term: Make programsluebeforetheendof the
term. Recommendhatstudentgry hardto nish thelastassignmenbntime.

. Desire to impressthe instructor: Perhapsethicsdiscussionwould help with

suchamisguideddesire.

Table 6. Additional Strategies to Prevent Copying.

V. Recommended.

a.

b.

Warn: Warn studentghat they might be caught. Unusualprogramsor, even
worse,oneswith unusuabutputareparticularlynoticeable.

Use detection: Have studentsmail source.Usethe dateandtime of mailing.
Usethe software of [4] to detectcopying, andlet the studentsknow aboutit.
Pair-wise compareary incorrectoutputdata.

. Punish:Useclear uniform,unambiguougolicies.Includeagraduatedcaleof

punishmentReferencgl2] suggestshat“for a rst offensethepenaltyshould
alwaysbe moreseverethanthe penaltyfor failing to turnin theassignmeni.

. Initiate an honor code: Honor codesoften work becausehey have beenin

placefor mary yearsandare a given when a studententers. Startinga new
honorcodeis dif cult, but someform shouldbeworkableatevery school.

. Publicizethe problem: Usea studentnewvspapera campugadio station,hand-

outs,or posterdo saythereis a problemthatthe departmenwill notcondone.

VI. Reasonablepossibilities.

a.

Countexamsfor more of thegrade: Many instructorsdo this. Someusea min-
imum scoreon examsto passhecourse.This alsocoversthe caseof excessve
help on programs. The problemis that programmingmay representa major
portionof the students effort, andexamsarenot goodassessmenools.
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VII.

b. UsemultipleassignmentsThis makescopying moreconspicuousAssignsep-
arateprogramdo differentsubset®f theclass.

c. Createbuffers betweerassignmentsProvide a zoneof time not dedicatedo a
program sothatlate programsdon't eatinto thetime for the next program.

d. Uselinked assignmentsLink assignmentsogether a later onedependingon
earlierones.A copying studentmaynotbe ableto modify the program.

e. Maintainanaudittrail: Insistthatall work onaprogrammake useof “scripts”
that createa timestampedog of compiles,executes.andthe amountof CPU
andclocktime neededo write anddehug the program.

Extra Possibilities.

a. Askfor an explanationof code

b. Write and delug a program for the nal exam: This placesa lot pressureon
beginning studentsthoughit might work whenall the studentsn the classare
good.

c. Bluff: Have studentsmail sourcein the absencef any comparisorprogram.
Warnthemthatthey maybe subjectto sophisticatedletectionapproacheéhat
arein factnotin place).

d. Allow copying: Openlyallow copying, with programsot countingfor muchof
thegrade.This mightactuallyhelpstudentgealizethatthey learnby complet-
ing theprograms.

Table 7. What to do in case of copying—to the instructor .

Decideif clearcut. Evenif the caseis unequvocal, decideif you cancorvince the
necessarpdministrators.

Determinetherulesat your school.

Discusswith others, particularly the departmenthairmanor college dean.
RespecthestudentsDon't try to trick or pressurehem. Let themknow theirappeal
rights.

Getthefactsstraight. Have a withnesspresenttary interview.

Ched if thisis a repeatoffense Only if the schoolrulesallow it. Don't useary
anecdotaévidence.

Getasmud aspossiblen writing.

Proceedwith formalities. After the casehasleft your handsdon't worry aboutit.
Don't do anythinghasty
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Table 8. Why not copy—addressed to the student.

It's notdigni ed.

It cheapensindwealensthedegree
You're notlearning

You're missingthe fun of programming
It' s notfair to otherstudents.

It's demoalizing to theinstructot

It's not playingby therules.

It's not professional.

You mightget caughtand punished.

Table 9. Rules for CS xxxx.

| understandhatthe following ruleshold:

1.

2.

7.

The computeraccounts only for my useandfor this course.l mustnot misusethe
accountbr thecomputerequipment.

Program$iandedn by memustnotbedirectcopiesof programsbtainedrom some
othersource.l understandhatthe term“direct copy” refersto copying work thatis
not my own, andthatmakingsimplechangedo anexisting programstill resultsin a
directcopy.

I mustnotlet any otherCSxxxx studentmake adirectcopy of oneof my programs.

. In casel usea sggmentof codethat!l have not written myself,| mustcite the source

of this codesggmentandcall attentionto its existence.

. | understandhat submittinga direct copy asmy own work is a seriousact of aca-

demicdishonestythatcanresultin signi cant disciplinaryaction.

. I understandhatconsultationsvith otherstudentsandhelpin deluggingareencouf

aged,aslong asthesedo not involve the direct copying of eachothersprograms.
(Theinstructorandteachingassistantarealsoavailablefor consultatiorandhelp.)
I understandhattherewill bea substantiapenaltyfor late programs.

Signature
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Table 10. Commitment

Betweenthe instructor and the studentregarding the Course CS xxxx.

As a studentin CS xxxx, | commit to work hard for the course,to do my own work,
and to abide by the following conditions:

1.
2.

I will notahuseor misusemy accountor the computerequipment.
I will notcopy programsor written homevork from someoneeslses work. (You are
encouragedo consultwith otherstudentsandhelponeanotherin delugging.)

3. I will notletary otherstudentcopy my work.
4. | will citethesourceof any codesegmentd usethatl have not written myself.
Students Signature

In exchangeasthe instructor for CS xxxx, | commit to work hard to getyou success-
fully throughthis course.In particular 1 commit to the following goals,to the bestof
my ability:

roopnpPE

No o

To preparecareful,worthwhilelectures.

To prepardair exams,typedandcoveringthe materialfrom the course.

To assigninterestingworthwhile programsn writing.

To gradeprogramsandexamspromptly, fairly, andcarefully, with partial creditfor
programsor examanswershatarenot perfect.

To helpyou write anddelug programspoth personallyandthroughassistants.

To createreasonableourserulesthataregivenoutalongwith thisdocument.

. To listento complaintsaboutthe courseandcorrectdefectswherepossible.

Instructors Signature



