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Intr oduction

Many formsof academicdishonestyarefoundin programmingcourses.This articlelooks
at plagiarismof programs:whenstudentscopy all or partof a programfrom somesource
andsubmitthecopy astheirown work. This includesstudentswhocollaborateandsubmit
similarwork. Suchplagiarismis felt to becommon,thoughthetrueextentis hardto assess.
Quotingfrom [12]: “As with Nessieof LochNesstheredoesnotseemto beaclearpicture
of thisbeast,only avarietyof eyewitnessreports.”

This article focuseson two events,referredto hereastheUTSAexperimentandthe
MIT incident. During the fall 1990andspring1991semestersat the Universityof Texas
at SanAntonio,anexperimentdetected29 studentsin a datastructurescourseinvolvedin
plagiarism.In thespring1990semester, theMassachusettsInstituteof Technologydisci-
plined73studentsfor cheatingin abeginningprogrammingcourse[1]. In bothcasesthere
wasaspecialcheckfor copying thatwasnotcommonpracticeat theschoolandwasunan-
ticipatedby the students.Theseeventsspanthe spectrumfrom a smallerstateuniversity
to a prestigiousprivateschool,andin bothcasesstudentsinvolvedrangedfrom freshmen
to seniors.The eventssuggesta signi�cant plagiarismproblemin programmingcourses
everywhere—perhapsmoreof aproblemthanmany realize.

Plagiarism of student programs has fundamental differences from ordinary
plagiarism—makingit easierto carry out and harderto detect. In contrastwith a stu-
dentwriting anEnglishtermpaper, beginningprogrammingstudentstypically work in the
sameenvironmenton thesameproblem,andoneexpectssimilar resultingprograms.The
outputdatamayhaveanexactrequiredform. Studentscancopy andexchangeprogramsin
machine-readableform, andcanuseaneditorto makeextensivechangesthatdo notaffect
programexecution.

Theterms“copying” or “plagiarism” referto unequivocalcasesof copying anentire
programor mostof a program. Even if therearemany editedchanges,theremustbe a
structuralsimilarity betweenthe two versions. This article usesthe criterion that some-
oneknowledgeablein computerscienceshouldbeconvincedbeyondreasonabledoubtthat
the similaritiesresultfrom copying. In the eventof suspectedcopying, the schoolor de-
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partmentwould have to apply their own criteria for plagiarism.Whatseemsobviousto a
computerscientistmightnotbeconvincing to someoneelse.

This article �rst considerswhatstudentsdo whenthey copy andwhy they do it, in-
cludinganexhaustivelist of reasonsfor copying. Next thetwo eventsmentionedaboveare
examinedin detail.Finally thepaperpresentsextensiverecommendations.Thefocusis on
prevention,ratherthandetectionandpunishment.To quotefrom theexcellentarticle[12]:
“Preventingtheincidenceof cheatingis farpreferableto expendingeffort establishingthat
cheatinghasoccurredandtaking actionagainstthe studentsinvolved. Whenit is possi-
ble to do sowithout compromisingeducationalquality, coursesandsupportingcomputer
usage[should] be organizedto avoid situationsin which studentsmight be pressuredor
temptedto cheat.” The presentarticle coverssomeof the samematerialas[12], though
with a focuson two striking andsoberinginstancesof plagiarism.Oneconclusionis that
an unannouncedandunexpectedcheckfor plagiarismin any programmingcoursemight
uncoverasurprisingamount.

As theauthorof this paper, I amnot trying to claim someself-righteousmoralhigh
ground.Studentswho plagiarizemustbedealtwith �rmly but with compassionandwith
anunderstandingof their right to a presumptionof innocence.In theendplagiarismmust
beresistedonewayor theotherbecauseit undermineslearning.

What Students Do

Academicdishonestyis not limited to plagiarism—considerthevariouswaysof cheating
onexams.By de�nition themostsuccessfulepisodesgoundetected.Certainlystudentscan
show incredibleingenuity. For exampletheauthorencounteredastudentin a largesection
computercourse,who,afteranexamwaspassedback,retypedit onnew ditto masters,ran
off a singlecopy, and�lled in mostly correctanswersfrom the answersheet.As a �nal
twist, the student“graded” it, arriving at a gradeof 84, whenthe actualgradehadbeen
48. The studentlater producedthis new exam, claiming that the teachingassistanthad
transposeddigits in recordingthe grade. This studentwasonly caughtbecausethe new
exam,thoughtypedwith amazingaccuracy, wasin thewrongtypeface.

Studentscommonlycopy all or part of a programfor an assignment.They copy
from othercurrentstudents,from paststudents,from �les of old programs,andfrom text-
booksandothersourcesof programs.Someof this copying might beacceptableto certain
instructors.

Studentsalso get help from othersin writing or debugging their programs. The
amountof helpgivenandthelevel of helpacceptableto aninstructorvariesgreatly.

As anothercommonpractice,studentsedit a program'soutputbeforeprinting. Even
a reasonablestudentmay get 90% of the codecomplete,producingmostof the correct
output,andthenmake up 10% of the codealongwith the correctoutput. This practice
arguesin favor of studentsmailing their programsourcefor compilationandexecutionby
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theinstructor.

How Students Copy

Somestudentssubmit a copy of anotherstudent's programwith almostno changes—
perhapsonly thenamechanged.(In theUTSA experiment,onestudentforgot to change
thename.)Otherstudentsgo to greateffort to make thecopiedprogramappeardifferent
from theoriginal. Someof thechangesthey makearelistedin Table1.

Somestudentsobtainprogramsourcein electronicform, usuallyfrom someoneco-
operatingwith them,or lessfrequentlyby breakinginto a computeraccount.Otherswill
copy from a listing, eitherbeinggiventhelisting, stealingit, or �nding adiscardedlisting.
Collaboratingstudentsmaywork togetheronasinglesourceprogram.

As an example,two separateprogramsturnedin from the UTSA experimenthad
many similarities, including the executablestatement“count := count” as the target of
an if-statementand “Counts := Counts” as the target of the correspondingif-statement
in the otherprogram. This is a bit of redundantinsanity that hasno effect on program
execution. Most likely the studentswereworried aboutnegatingthe if expression.The
sameunusualconstructin both programsis what one might call a “smoking gun”—an
unequivocalindicationof copying.

Why Students Copy

Studentscopy a programbecausethey have troublewriting it themselves(lack of ability),
or becausethey do not have time to �nish it (lack of time), or becausethey wanta better
result.

Table2 presentsa surprisinglylarge numberof factorsthat add to the chancesof
copying. Eachitem is followedby typical justifying comments.Thereseemto beenough
factorsherefor every studentto �nd somereasonto copy—perhapsthat is part of the
problem.Table5examinesthesefactorswith agoalof alteringthemto lessenthelikelihood
of copying.

Many motivationsfrom Table 2 were found with MIT' s students. The article [1]
refersto a“senseof entitlement”developedby somestudents—they felt they hadput in so
muchtime that they shouldgeta goodgrade.Studentsarequotedassaying: “You could
checkfor cheatingin any classandyou'd certainly�nd a signi�cant portionof thepeople
cheating—Ithink it' sonewayof gettingthroughMIT.” Oneseniormechanicalengineering
studentsaidhe “felt underintensepressurebecauseeveryoneelsewasgetting100's and
hisprogramdid notquitework.” Oneof�cial is quotedassaying:“What is emerging from
ourexperienceis asensethatmany MIT studentsseetheinstituteasanobstaclecourseset
upby thefaculty. Many feel thattherequiredwork is clearlyimpossibleby straightforward
means,andthatany meansthatmakessurvival possibleis allowed.Wefoundstudentswho
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felt thatthemajorproblemwasgettingcaught.”

The UTSA Experiment

Theauthordevisedanexperimentat UTSA to look for copiedprogramsin all sectionsof
a datastructurescourseover two semesters.Studentsreceivedthefollowing written rules
aboutcopying: “In practice,for thiscourse,youmaydiscussassignmentsin generalterms,
but you arenot allowedto shareany detailsof actualalgorithmsor of programcode.You
mayhelpsomeoneelsedebugtheirprogramaslongasyoudonotstartsubstitutingin your
own codewhenthereareproblems.Turningin a copy of someoneelse's program,evena
copy with extensivechangesmadeto it, is a very seriousoffensein this course.” Students
weretold to handin a programlisting andto E-mail theprogramsource.They werenot
told aboutthe experimentbut were told in writing that mailing the sourcewas“another
basiccourserequirement,to resolveany possiblequestionsor problems.”

The author suggestedto the instructorsthat they exercise“normal” vigilance in
checkingfor copying, i.e., no elaboratechecking,andno checkingat all acrosssections.
Theinstructorsknew abouttheexperiment,but understoodthatno resultswould beavail-
ableuntil after they turnedin grades.The authordecidedin settingup theexperimentto
useresultsonly for statisticalpurposesandnot to initiateany disciplinaryaction.

The MIT Incident

During thespring1990semester, 239students�nished thecourse“CE 1.00: Introduction
to ComputersandProblemSolving” at the MIT. This course,describedas“popular but
dif�cult” in [1], wasa requirementof the six civil engineeringstudentsenrolled,but is
taken electively by about40% of MIT undergraduates.The enrollment�gures in Table
4 show that many studentstake the courseearly in their studies. Non-civil engineering
majorstake thecoursebecauseit satis�esa sciencedistribution requirementandhelpsget
employment.

The instructor, ProfessorNigel Wilson, did not give written rulesfor thecourse(he
doesnow), but said[1] hehad“spelledoutwhathefelt wereclearguidelinesonacceptable
collaboration....It would beall right [for students]to work togetherin theinitial stagesof
eachassignment.... But ... it wouldnotbeacceptablefor studentsto collaborateonwriting
theprograms.” Help wasavailablefrom teachingassistants,andstudentswereencouraged
to seekthis helpwhenthey got stuck.They couldalsogethelpfrom otherstudentsto get
aroundspeci�c bugs—they justcouldnotcodejointly.

LateatnightastudentgaveProfessorWilsona tip thattherewasaproblemwith pla-
giarismin thecourse.ProfessorWilson is quotedassaying[1]: “The studenthadworked
veryhardandwasvery frustratedthatothersweregettingmorecreditthanthey deserved.”
Sourcefor assignmentshadbeensubmittedbothin hardcopy andelectronically. Professor
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Wilson andhis teachingassistant�rst monitoredoneassignmentandseeingthe results,
extendedthemonitoringto thefour remainingones.

Software to Detect Plagiarism

Ideally it shouldbeharderto copy successfullythanto write theprogramfrom scratch,and
softwaredetectionshouldwork evenif studentsknow theparticularalgorithm.

Theproblemat issueis a specialcaseof �le or stringcomparison.Thereis a large
bodyof literatureon suchproblems[11], mostof which is not of useherebecauseof the
changesthatareoftenmadeto copiedprograms.

Reference[3] gathersstatisticsaboutprogramfeatures,but this approachdoestoo
weaka comparisonandgeneratestoo many falsealarms. The reference[6] considersa
complex comparisonof thestructureof programsastreesof procedures.

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

Theauthorandtwo undergraduatestudentsatUTSA usedtheapproachof [5], along
with apreprocessingstagethatremovedcomments,madeletterslowercase,deletednames
except for reserved words, replacedconstantnamesby the constant,prettyprinted,and
removedmaterialin quotemarks.Thenfor eachpairof resulting�les, thesoftwarecounted
thenumberof linesthatoccurexactly oncein each�le.

Dick Gruneof Vrije Universiteitin Amsterdamhaswritten a sophisticatedprogram
to testfor plagiarismin avarietyof languages.Thissoftwaredoesadrastictransformation
of eachsourceprogramto amuchshortercharacterstring,andthenin pairs�nds matching
substringsof decreasinglengths.It doesagoodjob of detectingplagiarismandis available
via anonymousftp [4]. Theauthorusedthis tool to recheckall theprogramsin theUTSA
experiment.

Results of the UTSA Experiment

TheUTSA experimentuncoveredanalarmingamountof copying—far morethantheau-
thor expected(seeTable3). Therewere8 studentsin thefall and21 studentsin thespring
involved,wherethismight notmeanthatthey knew copying occurred.

Two “A” studentsreportedfour incidentsof apparentlystolenlistings. In eachcasea
studentinvolvedin otherepisodesof copying latersubmittedacopy of thestolenprogram.

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

From the storeddatait would be possibleto retrieve the namesof the studentsin-
volved. Therearestudentswho did not earntheir grade,thoughsortingout who copied
from whom would be a dauntingtask,even involving studentswho have graduatedand
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left town. Also two instructorsgave permissionto carry out the experimentwith the un-
derstandingthat only statisticswould ever be released.For thesereasonsthe authorhas
decidednot to follow up on any students.Someindividualswho reviewedthis articleex-
pressedmisgivingsaboutcoursefailurescausedby hiddendetectionsystems.Otherswere
upsetthatnothingwasdoneto disciplineany dishoneststudents.

Results of the MIT Incident

At MIT anastoundingamountof copying occurred—80outof 239studentsenrolledwere
referredto the MIT Committeeon Discipline. In the end,73 studentsweredisciplined.
Quotingtheinstructor, Nigel Wilson [1], “... aneight-monthinvestigationdeterminedthat
[two] studentsstoleothers'[listings],andatleastonestudent[obtainedanother'spassword]
andstoletheprogramelectronically. But themajority of the73 studentsworkedtogether
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 hadgenuinelyengagedin joint coding.” The largestcollaborating
groupwas8, but 2 wasthe most typical size. About 10% of the submittedassignments
werecopieswith no changes(exceptthename).

Probationwasthedominantpunishment,but severalstudentsweresuspendedfor one
semester. No studentswereexpelled. About half of the reducedgradeswereto zeroand
remainingoneswere reducedby 50%. Table 4 givesadditionalstatisticsrelatedto the
incident.

General Recommendations

Therearetwo waysto reduceplagiarism.Oneis thehardline strategy: theinstructormust
catchstudentswho copy andmake surethey never copy again. Suchapproachesinvolve
vigilance,no concessions,andstrongpunishment.Thesepeoplemight objectto elements
of a coursethat lessenthe needto copy, andmight favor “entrapment”strategies,where
apparentopportunitiesto copy areclever trapsfor copiers.Many peoplefeel this hardline
approachdoesnot createa good atmospherefor learning. Reference[12] recommends
avoiding“an oppressiveenvironmentin whichstudentsareconstantlyawarethatthey must
notevengive theappearanceof cheating.”

Instead,this articlepromotesa compassionatestrategy: try to eliminatecopying by
changingfactorsthatinducestudentsto copy. Makenomistake,theauthoris notproposing
to condonecopying. Oneneeds�rm policiesfor dealingwith instancesof copying, includ-
ing agraduatedscaleof punishments.Also oneoughtto beableto explain to studentswhy
they shouldnotcopy.

Thereal issueis learningto program,andcopying is oneof many thingsthatgetsin
theway of learning.In catchingandpunishingcopiers,oneis not directly promotingany
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learning.Thesummaryrecommendation:emphasizepreventionratherthanpunishment.

Strategies to Lessen Copying

This sectionsuggestsspeci�c actionsto lessenthestudent's perceivedneedto copy or to
lessenthelikelihoodof copying. Theitemsof Table5 mirror thereasonsfor copying given
in Table2. Table6 listsadditionalactions.Many of theserecommendationswouldimprove
thecourseindependentof thecopying issue.Table5 andTable6 canbeusedasexhaustive
checklists.

Several itemsin Tables5 and6 arecontroversialor deserve further comment.The
issueof deadlinesandlateprogramsis complex. No deadlinesat all or too lenienta pol-
icy towardlateprogramsis detrimental—studentshavemany demandsonthemfrom other
courses.If deadlinesarenot tight, a late programcanstarta dominoeffect, whereeach
programsuffersin qualityor is latedueto thework requiredby thepreviouslateprogram.
Somepeoplearguethat tight deadlineswith no lateprogramsacceptedis bestfor thestu-
dents.They saythis is likethesituationin industry. If this is thepolicy, it shouldbeclearly
stated.Thereshouldalsobeapolicy for studentswith unusualproblems.Onecompromise
allowsstudentsto work pastthedeadline,but they mustturn in something, theirbesteffort,
by thedeadline.

Surelyall programmershaveencounteredapersistentbugthatwasdif�cult to isolate.
Studentshaveparticularproblemswith suchbugs—�ndingthemandrecoveringfrom them
is an importantpart of their education. But one shouldprovide help in debugging and
shouldbe�e xible in specialcircumstances.

The level of dif�culty of programmingassignmentsis anotherproblemarea.Some
instructorsaddfeaturesuntil anassignmentis quitehard.They mayaddarti�cial features
that serve only to requirea moredif�cult program. The authorrecommendsthe oppo-
site: takinga substantialtaskandaddingarti�cial simplifying assumptionsthatmake the
programeasierto complete.Instructorsshouldalsoconsiderassignmentsthat focuson a
singletopicor goal.

Gettingtherulesdisseminated,understood,andagreedto is hard.Thiswasaproblem
in theMIT incident[1], wherea studentsaidProfessorWilson's instructionson whatwas
acceptablecollaborationandwhat wascheatingwereunclear, whereasProfessorWilson
felt he hadgiven clear (verbal)guidelines. Rulesmust be carefully craftedto be clear,
complete,andunambiguous,andthey mustbewritten.

A colleagueof theauthoroncegave a classwritten rules,writing in part: “You are
to completeyour assignmentsindividually .... The work you turn in mustbe your own
work.” He alsosaidverbally: “Do not work together. In caseof any doubtaboutwhat is
acceptable,cometalk to me�rst.” At auniversityhearingthelawyer for astudentaccused
of collaboratingarguedsuccessfullythat the ruleswerenot clear. Thestudentcompleted
his work individually, it wasargued,eventhoughhedidn't start it individually. Thework
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hehandedin washisown work—andalsosomeoneelse's.
This last anecdoteillustratesthe increasingfear of litigation. Studentsandfaculty

now sharea new setof rules,wherea student's casemight bedefensible,not becausethe
studentactuallycheatedor not,notbecausethestudentknew heor shewascheatingor not,
but becausethe instructorcould not prove that the studentwasundeniablycheatingand
becausethe instructorcouldnot provethat thestudentknew that thecheatingwasagainst
therules.

The needfor ethicseducationhasbeenrepeatedlyrecognized,both by the CSAB
accreditingagency andin thenew ComputingCurriculum1991[13]. Theauthorrecom-
mendsa shortsegment(several lecturesintroducingethical issues)in the �rst or second
programmingcourseanda shortsegmentin an advancedcourse,suchassoftwareengi-
neering.Studentsin suchsegmentscarryon a surprisinglylively discussion.In fact they
often expectno controversyinitially—they expectagreementwith their positionandare
themselvessurprisedby theopinionsof their peers.Goodtexts for segmentson ethicsare
[2], [7], and[8]. See[9] for a shortarticle that would stimulatediscussions.The ACM
Self-AssessmentProceduredealingwith ethicsin computing[14] containstheACM Code
of Ethicsandcasestudies.Seealso[10] for casestudies.

Unfortunatelysomecomputerscientistsregardethicsinstructionasa wasteof time.
They arguethat thereis no room in the syllabus for ethics,andthat it would be hardto
presentin a uniform and responsiblemanner. They alsoargue that teachingethicswill
not make studentsbehave ethically. All thesereasonsconspireto keepethicsout of a
curriculum.Ideally, adepartmentshouldhave oneor two facultymembersresponsiblefor
helpingthestudentsdiscussethics.Thenstudentsandfacultyalike would realizethatno
oneis trying to makethembehaveaccordingto someethicalnorm.Thegoalis for students
to think abouttheseissuesandform their own opinions.

What to do in Case of Copying

Now supposeyou arean instructorfacedwith copying. Table7 givesactionsto consider.
Someinstructorsfeel the bestoutcomeis to avoid a formal complaint—perhapsa zero
gradeon the assignment.This is often a quick andconvenientresolution,but not neces-
sarily thebestcourse—astudentmaylatercontesttheoutcome.Thereis no recordof the
offenseandno possibilityof anescalatedpenaltyin caseof a repetition.

A commonoutcomeof aninterview with two studentswho submitcopiedprograms
is for thembothto deny any wrongdoing.Onecouldaskthestudentsto explain their code,
asrecommendedin [12], but suchasmall“oral exam” putsa lot of pressureonstudents.

A secondcommonoutcomeof aninterview is for studentsto admitto somecollabo-
rationbut to deny line-by-linecopying,evenin thefaceof clearline-by-linesimilarity. One
shouldbecarefulhere:for examplea teachingassistantmayhave helpedseveralstudents
with exactly thesamesuggestedcode.
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Thediscoveryof plagiarismcanbedisconcertingandfrustrating,evendemoralizing.
Supportfrom peers,university discipline committees,and administratorsmay be weak.
Studentreactionscanbe unsettling,as they deny any plagiarismor justify their actions
with no sign of remorse,with faked remorse,or with remorseonly at gettingcaught—as
they bringtheirown lawyer to ahearing.Theactionslistedin Table7 oftencomewhenthe
instructorhasmany othercommitments.

Why Not Copy?

If onefeelsstronglythat studentsshouldnot copy, thenoneoughtto give themreasons.
Table8 attemptsan answer. In theendonehopesthat eachstudent�nds reasonsfor not
copying. Theseissuescouldalsobediscussedin anethicssegmentin thecomputerscience
curriculum.

Sample Forms

Table9 presentsasamplerulesform,askingstudentstosignindicatingtheirunderstanding.
Onecould usea similar form that asked themto agree to abideby the rules,or a form
with no signature.In contrast,Table10 promotesmoreof a humanestrategy involving a
commitment, almostlikeacontract.

Conc lusions

Thisarticlehasdescribedtwosigni�cant plagiarismevents:anexperimentattheUniversity
of Texasat SanAntonio usedto detectcasesof copying of programs,andanunexpected
plagiarismincidentat theMassachusettsInstituteof Technology. A greatdealof copying
occurredduring thetwo semestersof theexperimentat UTSA, andevenmoretook place
in theMIT incident.Theseresultssuggestthatcopying maybewidespread.Thearticlehas
alsopresentedreasonswhy studentscopy andstrategiesto lessenthis copying, suggesting
positivealternativesto threatsof punishment.

In summary, the authorrecommendsthat schoolsmake educationalgoalsforemost
andthatthey try to emphasizepreventation.A schoolshouldstudyits plagiarismproblem
carefully, interviewing facultyandstudents,andlooking over all the itemsof Table5 and
Table6. Theauthorparticularlysuggestsvariousimprovements—tothehardware,to the
working environment, to assignments,and to the curriculum, including the addition of
ethicsinstruction.Finally, aschoolshouldusesoftwareto detectplagiarism.
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Table 1. Chang es Students Make to Copied Programs.

� Changecomments.
� Changenames.
� Changecase.
� Reformatthetext.
� Reorder thetext.
� Addor deleteredundantelements.
� Redostandard constructs,such 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. Tight or shortdeadlines.Nolateprogramsaccepted.Little or nopartial credit.
“I hadto copy to meetthe deadline.” “I hadthe program90% �nished, but I
still getazeroif I turn it 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 I did it myself.”

c. Assignmentsthat seemimpossiblyhard. “You have to copy in this course—it's
theonly way to �nish.”

d. Courserulesnotdisseminated,understood,andagreedto. “I didn't know there
wasanything wrongwith thecopying I wasdoing. And besidesI didn't agree
not to copy.”

e. Assignmentsmadeandduenear theendof the term. “The instructorpiled on
work at theend.”

f. Thecoursepoorly taught. “What a rotten instructor! I didn't feel badat all
aboutcopying.”

g. Failing studentswhodon't turn in mostprograms.“The instructorrequires70
percentof theprogrammingpointsto pass,regardlessof exams.”

h. Old assignmentsreused.Assignmentstakenfromreferencebooks.“My friend
did thisassignmentlastsemester.”
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i. Large class.Different instructorsusingthesameassignments.“My friend and
I submittedthesamecodeto two differentteachers.”

j. Acceptinglate assignments,after other students'work hasbeenreturned. “I
just copiedmy friend'sprogramafterhegot it back.”

k. A slowor easystart in a course. “By thetime I saw how hardthecoursewasit
wastoo lateto drop.”

II. Schoolenvir onment,CScurriculum, computer consultants.

a. An environmentwhere studentscopy without being caught. “The othersare
copying—whynotme?If I don't copy I'm atabig disadvantage.”

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

c. School rulesnot disseminated,understood,andagreedto. “I didn't know our
schoolhadany rulesagainstcopying.”

d. No ethicsin thecurriculum. No otherdiscussionof theethicsof copying. “As
far as I'm concerned,there's nothingwrong with plagiarism. Justdon't get
caught.”

e. Inadequateor unavailableconsultants.“It took mea weekto learnto usethe
school'scomputersystemwith nohelp,andmeanwhileaprogramwasdue.”

f. A terminalcourse, or a courserequiredof non-CSmajors. “This courseis just
a silly degreerequirement. I don't needto know this materialfor any other
courseor for employment.”

g. Poor advising. Rigid drop policies. Poor coursedescriptions.“I got into the
wrongcourse—inovermy headandit wastoo lateto drop.”

h. Studentsputtingoff a requiredprogrammingcourse. “I alreadyhada job con-
tingenton �nishing my degree.”

III. Hardwareenvir onment.

a. Poor hardware, i.e., slow, hard to use. “It took� veminutesjustto getaprogram
compiled.”

b. Poor workingenvironment,i.e., restrictedhours,pooraccess,nophoneaccess.
“You wait in line for anhour to geta terminalandthenwait for thesystemto
respond.”

c. Overloadedmachinesor poor accesstoward the end of the term. “The last
weekof classeswascrazy—hordesof studentsall night long.”

d. Requiringthatcampusmachinesbeused.“I couldn't usemy own machine,and
I justcouldn't make it to campusoftenenoughto �nish theprograms.”

e. Listingscanbestolenor retrievedfromtrashcans.“I wastemptedby a listing
sitting thereby me.”
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f. Programsourceeasilyexchanged. “I couldn't believe how easyit wasto have
a friendmail mehisprogram.”

IV. Factors relatedto the student.

a. External factors requiring a certain performance, i.e., probation,visa status,
scholarship. “I losemy scholarshipif I don't geta `B'.” “I' ll bedeportedif I
fail this course.”

b. External factors interfering with the student's coursework, i.e., courseover-
load,employment,emotionalproblems,familyproblems.“Becauseof personal
problems[healthproblems,etc.] I didn't have time for theprograms.”

c. Copyingor poorpreparation in thepreviouscourse. “I copiedin thebeginning
course,andnow there's noway to catchup.”

d. Bugin a program.Dif�culty gettingit to workat all or gettingit 100%correct.
“I neverdid getmy versionworking.”

e. A senseof entitlement,sayfromhard work or high tuition. “With thetuition I
pay[thework I did] I deserve to getthroughthiscourseand�nish my degree.”

f. Lack of timeat endof term. “I hadtwo take-home�nals anda termpaperdue
thelastweek.It wasphysicallyimpossibleto �nish a programtoo.”

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

Table 3. Results of the UTSA Experiment.

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

Numbersof 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) 17pairs,2 triples,1 quad

Both 503 60 (3) 91 (18) 20 (8) 171(29) 21pairs,2 triples,1 quad

Detailsabout groupsthat copiedduring the Spring 1991semester
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Student 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Grade C C C A F F F F C C C C W A C W F C C B C

Assign1 1 1 1 1 2 2

Assign2 1 2 2 3 3 4 4 1 5 5 3

Assign3 1 2 2 1 2 3 3 4 4

Assign4 1 1 2 2 3 3

Assign5 1 2 2 1

Assign6 1 2 3 3 4 4 2 1

Explanation:Oneachassignmentline,studentssubmittingsimilarprogramshavethesame
digit asentry. Thusstudents4, 5 and13 submittedsimilar programsfor assignmenttwo,
andthey receivedcoursegradesof “A”, “F”, and“W”. Italics= copying detectedduringthe
term.

Furthernotes:
� Student5 submitteda copy of assignment3 without changingthe name,but the

similarity betweenstudents2 and3 on the sameassignmentwasnot notedat the
time.

� Student8 mailedassignment6 many daysafterstudent9, andin aninterview admit-
tedto copying.

� Students10and11werecaughtcopying assignment6,andreceiveda“C” gradewith
azerofor thatassignment.Thecopying of assignment2 wasnot noteduntil later.

� Thereareat least9 casesof two studentscopying who thenbothpassedthecourse.

Table 4. Results of the MIT Incident.

Intr oduction to Computersand ProblemSolving (CE 1.00)
MassachusettsInstitute of Technology
Spring 1990(1 section)

Numbersof 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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Number of studentswith

Oneduplicateset 26

Two duplicatesets 22

Threeduplicatesets 20

Fourduplicatesets 11

Fiveduplicatesets 1

Total studentsinvolved 80

Notes:

� Only � veproblemsetswereinvestigated,so� veis themaximumpossiblenumberof
duplicatedproblemsetsfor any onestudent.

� 33.5%of studentswereinvolved(includesstolenlistingsandstolenprograms).
� 30.5%of studentsweredisciplined.
� 15%of all possibleproblemsetswerepartof duplicates.
� Thelargestgroupthatworkedtogetherwas8, though2 wasby far themostcommon.
� Therewerenocasesin whichbothstudentsinvolvedin acopying episodedeniedall

knowledge.
� Thereweresomeequivocalcaseswhichwereresolvedin thestudents'favor.

Table 5. Lessening the Need and Oppor tunities to Copy
(Based on Table 2)

I. Courseorganization.

a. Review policieson deadlines,late programs,and partial credit: Don't make
deadlinestoo short. Considera graduatedlate penalty. Usea tight deadline
thatdoesn't slip. Theauthorprefersliberal partialcredit,especiallyfor minor
problemsandin beginningcourses.

b. Create interestingassignments:Somestudentswill claim an assignmentis
dull—they needmotivation.

c. Createreasonableassignments:Don't get carriedaway. Supply part of the
codefor amorecomplex program.Useharderoptionalor extracreditparts.

d. Review courserules: Supplyclear, complete,andunambiguousrulesin writing.
Decidehow muchhelpstudentscanget.Don't forgettheissuesof lifting code
from books.

e. Lessenworkat term'send: Setupassignmentssostudents�nish programming
early. Easeupwith thelastassignment.
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f. Improvethequalityof teaching.
g. Considercarefully anypolicy of failing studentswhodon't turn in mostof the

programs:Someinstructorsbelieve in this requirement,andcountexamsmore
thanprograms,but this increasesthechancesof plagiarism.

h. Don't userepeatedor standard assignments:Evensmallchangeshelp.
i. Avoid large classesor different instructors giving thesameassignment:There

is anincreasedsenseof anonymity. Plagiarismdetectionsoftwaremayhelp.
j. Review the policy on acceptinglate assignments:Again plagiarismdetection

softwaremayhelp.
k. Don't getoff to a slowor easystart: Indicatethecourselevel earlyin theterm.

II. Schoolenvir onment,CScurriculum, computer consultants.

a. Avoida copyingenvironment:Thestrategiesof Table6 mayhelphere.
b. Avoid a historyof leniency:Theauthoris not recommendingno punishmentat

all—just noemphasisonpunishment.
c. Review school rules: Involve facultyandadministrationin formulationof uni-

form rules.
d. Includea discussionof ethics.
e. Provideconsultants:Tell consultantshow muchhelpto give.
f. Givenon-CSmajorsa choiceof requiredcourses.
g. Check on advising, droppolicies,andcoursedescriptions:Checkat thebegin-

ning that studentsbelongin the course.Start the programmingright away to
indicatethecourselevel (andto help�nish theprogrammingearly).

h. Don't allow studentsto delaytakingrequiredprogrammingcourses.

III. Hardwareenvir onment.

a. Improve the hardware: Even if you can't changethe hardware,be willing to
makeconcessionsbecauseof poorqualityor availability.

b. Improvetheworkingenvironment:Beatleastsympathetictoproblemsresulting
from abadenvironment.

c. Help with overloadedmachinesor pooraccessat theendof theterm: If this is
known to bea problem,scheduleduedateswell beforetheterm'send.

d. Try not to require that campusmachinesbeused.
e. Keeplistings from beingstolenor foundin the trash: Control the securityof

studentlistings including pickup, anddisposalas trash. “Removing a listing
shouldbeeitherdif�cult or awkwardlyobviousto theothers.[12]”

f. Keepprogramsfrom being mailed: Turn off the mail featurefor beginning
students.
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IV. Factors relatedto the student.

a. Help with external factors requiring performance:Onecanbe �e xible about
deadlinesandstill maintainstandardsandrequirethesameperformance.

b. Help with external factors interfering with course work: Most schoolshave
somesortof crisis optionfor unusualhardships.Besympathetic.

c. Avoidpoorpreparation in previouscourses:Usetight standardsin prerequisite
coursesandperhapsaminimumgradeto take thenext course.

d. Help with programbugs: Beunderstandingin caseof abug.
e. Countera senseof entitlement:Attitudeslike thesemight be addressedin an

ethicssegmentaddedto theCScurriculum.
f. Helpwith lack of timeat endof term: Makeprogramsduebeforetheendof the

term.Recommendthatstudentstry hardto �nish thelastassignmenton time.
g. Desire to impressthe instructor: Perhapsethicsdiscussionwould help with

suchamisguideddesire.

Table 6. Additional Strategies to Prevent Copying.

V. Recommended.

a. Warn: Warn studentsthat they might be caught. Unusualprogramsor, even
worse,oneswith unusualoutputareparticularlynoticeable.

b. Usedetection:Have studentsmail source.Usethe dateandtime of mailing.
Usethe softwareof [4] to detectcopying, andlet the studentsknow aboutit.
Pair-wisecompareany incorrectoutputdata.

c. Punish:Useclear, uniform,unambiguouspolicies.Includeagraduatedscaleof
punishment.Reference[12] suggeststhat“for a�rst offense,thepenaltyshould
alwaysbemoreseverethanthepenaltyfor failing to turn in theassignment.”

d. Initiate an honor code: Honor codesoften work becausethey have beenin
placefor many yearsandarea given whena studententers. Startinga new
honorcodeis dif�cult, but someform shouldbeworkableateveryschool.

e. Publicizetheproblem:Useastudentnewspaper, acampusradiostation,hand-
outs,or postersto saythereis aproblemthatthedepartmentwill not condone.

VI. Reasonablepossibilities.

a. Countexamsfor moreof thegrade:Many instructorsdo this. Someuseamin-
imumscoreonexamsto passthecourse.Thisalsocoversthecaseof excessive
help on programs.The problemis that programmingmay representa major
portionof thestudent'seffort, andexamsarenotgoodassessmenttools.
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b. Usemultipleassignments:Thismakescopying moreconspicuous.Assignsep-
arateprogramsto differentsubsetsof theclass.

c. Createbuffers betweenassignments:Provide a zoneof time not dedicatedto a
program,sothatlateprogramsdon't eatinto thetime for thenext program.

d. Uselinked assignments:Link assignmentstogether, a later onedependingon
earlierones.A copying studentmaynotbeableto modify theprogram.

e. Maintainanaudit trail: Insistthatall work onaprogrammakeuseof “scripts”
that createa timestampedlog of compiles,executes,andthe amountof CPU
andclock timeneededto write anddebug theprogram.

VII. Extra Possibilities.

a. Askfor an explanationof code.
b. Write and debug a program for the �nal exam: This placesa lot pressureon

beginningstudents,thoughit might work whenall thestudentsin theclassare
good.

c. Bluff: Have studentsmail sourcein the absenceof any comparisonprogram.
Warnthemthatthey maybesubjectto sophisticateddetectionapproaches(that
arein factnot in place).

d. Allow copying:Openlyallow copying, with programsnotcountingfor muchof
thegrade.This might actuallyhelpstudentsrealizethatthey learnby complet-
ing theprograms.

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

� Decideif clearcut. Even if the caseis unequivocal,decideif you canconvince the
necessaryadministrators.

� Determinetherulesat yourschool.
� Discusswith others,particularly thedepartmentchairmanor collegedean.
� Respectthestudents.Don't try to trick or pressurethem.Let themknow theirappeal

rights.
� Getthefactsstraight. Haveawitnesspresentatany interview.
� Check if this is a repeatoffense. Only if the schoolrulesallow it. Don't useany

anecdotalevidence.
� Getasmuch aspossiblein writing.
� Proceedwith formalities.After thecasehasleft yourhands,don't worry aboutit.
� Don't do anythinghasty.
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Table 8. Why not cop y—addressed to the student.

� It' s notdigni�ed.
� It cheapensandweakensthedegree.
� You'renot learning.
� You'remissingthefunof programming.
� It' s not fair to otherstudents.
� It' s demoralizing to theinstructor.
� It' s notplayingby therules.
� It' s notprofessional.
� You mightget caughtandpunished.

Table 9. Rules for CS xxxx.

I understandthatthefollowing ruleshold:

1. Thecomputeraccountis only for my useandfor this course.I mustnot misusethe
accountor thecomputerequipment.

2. Programshandedin bymemustnotbedirectcopiesof programsobtainedfrom some
othersource.I understandthattheterm“direct copy” refersto copying work that is
notmy own, andthatmakingsimplechangesto anexistingprogramstill resultsin a
directcopy.

3. I mustnot let any otherCSxxxx studentmakeadirectcopy of oneof my programs.
4. In caseI usea segmentof codethatI have not written myself,I mustcite thesource

of this codesegmentandcall attentionto its existence.
5. I understandthat submittinga direct copy asmy own work is a seriousact of aca-

demicdishonestythatcanresultin signi�cant disciplinaryaction.
6. I understandthatconsultationswith otherstudentsandhelpin debuggingareencour-

aged,as long as thesedo not involve the direct copying of eachothersprograms.
(Theinstructorandteachingassistantsarealsoavailablefor consultationandhelp.)

7. I understandthattherewill beasubstantialpenaltyfor lateprograms.

Signature
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Table 10. Commitment

Betweenthe instructor and the student regarding the CourseCSxxxx.

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

1. I will notabuseor misusemy accountor thecomputerequipment.
2. I will not copy programsor written homework from someoneelse's work. (You are

encouragedto consultwith otherstudentsandhelponeanotherin debugging.)
3. I will not let any otherstudentcopy my work.
4. I will cite thesourceof any codesegmentsI usethatI havenot writtenmyself.

Student'sSignature

In exchangeasthe instructor for CS xxxx, I commit to work hard to get you success-
fully through this course.In particular I commit to the following goals,to the bestof
my ability:

1. To preparecareful,worthwhilelectures.
2. To preparefair exams,typedandcoveringthematerialfrom thecourse.
3. To assigninteresting,worthwhileprogramsin writing.
4. To gradeprogramsandexamspromptly, fairly, andcarefully, with partial credit for

programsor examanswersthatarenotperfect.
5. To helpyouwrite anddebugprograms,bothpersonallyandthroughassistants.
6. To createreasonablecourserulesthataregivenoutalongwith thisdocument.
7. To listento complaintsaboutthecourseandcorrectdefectswherepossible.

Instructor'sSignature


