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Abstract:Thesoftwareindustryisaskinguniversitiesandcollegestocultivatemoresoftwareengineerswhocanwritequalityprograms.

Apeercodereviewprocessisanidealapproachtomaximizethelearningoutcomeofstudentsinprogramming.Inthispaper, the

processinourpreviouspublicationwasimproved.Thefoundproblemswereanalyzedwhichwilltakeasthebasisofthefutureresearch

onqualityassurance.Finally, asetofsolutionsbasedoncomputersciencewereproposedtofurtherimprovethewholereviewprocess.
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1　Introduction

Sinceinspectionwasintroducedasameansof
softwarequalityassurance, manysoftwareengineering
educatorshavebecomemoreinterestedinintroducing
codereviewintotheircourses

[ 1 -3]
.Sofar, there-

searchoncodereviewcovers① specificcodereview
processorapproaches

[ 1 -6]
, ②performanceimproving

orqualityassurance
[ 7]

, and③ supportingtoolstoen-
hancethelearningoutcomeofcodereview

[ 8]
.General-

ly, theapplicationofcodereviewisdividedintothree
categories

[ 4-5]
:selfreview

[ 6]
, peerreviewandtutor

review, amongwhichpeercodereview (PCR) isrec-
ognizedasthemostpracticalone

[ 5]
.PCRisatech-

niquewhichisgenerallyconsideredtobeeffectiveon
promotingstudents' highercognitiveskills

[ 4]
, since

studentsusetheirownknowledgeandskilltointerpret,
analyzeandevaluateothers' worktoclarifyandcorrect
it.

APCRprocesspresentedin[ 5] wasconducted
onYear2 studentsinourSchoolofSoftwareinHarbin
InstituteofTechnology.Usingthisapproach, students
improvedthemselveswhenhelpingotherstudents.E-
venthoughthestudentsarethebiggestbeneficiaries,
theburdenoninstructorswasalsolightened.According
totheanalysisoftheextracteddata, itwasfoundthat
thisPCRprocesshasahighoperabilityandthusabet-
terlearningoutcomewasachieved.

Nevertheless, afterimplementingthisprocessdur-
ingtwoacademicyears, i.e.2005-2007 inanintro-
ductoryprogrammingclass, someproblemswerefound
whencheckingthedocumentssubmittedbythestudents
andalsointerviewingsomestudents.Exceptforthe
problemsassociatedwithqualificationissuessuchas
somestudentslacktheprogrammingabilitytowrite
qualityprogramsortobequalifiedreviewers, themajor
problemscomefromthelackingsupportofmanagement
informationsystem (MIS).Theproblemsassociated
withstudent' squalificationcanbeaddressedbyspe-
cifictrainingonprogrammingabilityandreviewing
technique.Thispaperthusfocusesonqualityassurance
byprocessimprovementandscientificmanagement.

2　Peercodereviewprocess

Soastofacilitatethecommunicationwithotherre-
searchersinfuturework, thepeercodereviewprocess
in[ 5] wasrefinedinthefollowingthreeaspects.
2.1　Redefinitionofroles

Basedonthepopularnamingconventioninpubli-
cationcirclelikejournalsorconferences, therolesin
thisPCRprocessareredefinedasfollowing.Itiseasy
tofindthat, thefirstthreerolesaretakenbystudents,
whilethelastroleisplayedbyaninstructororateach-
ingassistant.

( 1) Authorisastudentwhoacceptsthecodere-
viewactivitybysomeoneelse;
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( 2) Reviewerisaperformerwhodoesthecode
reviewactivity;

( 3) Reviseristheauthorhimself/herself.When
anauthorhasacceptedtheformcontainingthecom-
mentsandbeginshis/herrevisionwork, he/shenow
changeroleandbecomesareviser;

( 4 ) Instructormaybethelecturerorqualified
teachingassistant

[ 5]
whoisresponsiblefortheprogram-

minglabclass.Theycheckthewrittencode, review
results, delivergradestostudents, andtutorseveral
studentswhoareslowinginpace.
2.2　Redefinitionofdocuments

Similarly, documentsin
[ 5]
areimproved.Thede-

tailedresultsareasfollows:
( 1) Manuscriptcode:sourcecodetheauthorhas

justcompleted.Itisencouragedthattheauthorreviews
theirowncodebeforesubmitting, therebymakingthe
followingstepsmoreefficientandproductive.

( 2) Commentsform:thecommentsthatthere-
viewermakeswhentheyreviewthemanuscriptcode
writtenbytheauthors.Asdescribedin[ 5] , thecom-
mentsformchecksfordesigndefects, codingdefects,
codenotcomplyingwithcorrectcodingstandards, and
possibleimprovements, etc.

( 3) Revisioncode:thefinalrevisedprogramafter
makingchangestothemanuscriptcodebasedonthere-
ceivedcommentsform.Thequalityoftherevisioncode
dependsonthequalityofthemanuscriptcode, there-
viewer' sthoroughness, andthecareofthereviser.

( 4) Referencesolution:theanswertotheassign-
mentandisheldbytheinstructor.Thisshouldbethe
completeprogram.Itwillbeusedtoassessthelearning
outcomeoftheauthor, reviewer, andeventhereviser
whenrequired.
2.3　RefinementofPCRprocess

Besidestheredefinitionofrolesanddocuments
mentionedabove, thewholeprocesswillberefined.
Somephasesareredefinedmorepreciselyandsomeare
adjustedintimesequencing(Figure1).InFigure1,
thetwoactivitiesbeginningwithletterSbelongtothe
submitphaseandalltheactivitiesstartingwithletterQ
fallintothequalityassurancephase.

TherefinedPCRprocessconsistsof6 phases
whicharemadeclearerthanthedefinitionsmadein
[ 5] .Eachphaseisdescribedasfollows:

Phase1– Write.Astudent(author) willcom-
pletetheirownassignmentprogram (manuscriptcode)
thatmaypassthecompilationandrunningtest(letter
WinFigure1).

Phase2 – Submit.Theauthorwillemailthe
manuscriptcodetotheinstructorassoonaspossible

Fig.1　PCRflowchart

(letterQ.1inFigure1) toenabletheinstructorforto
performthequalitymanagement.Followingthis, the
commentsformwithbasicinformationsuchasauthor's
nameandreviewer'sname(letterS.1 inFigure1) is

senttothespecificreviewer( letterS.2 inFigure1)

togetherwiththeassociatedmanuscriptcode.
Phase3– Review.Whenthereviewerreceives

themanuscriptcode, theywillperformthereviewas
soonaspossible.Ifanydefectsorpossibleimprove-
mentsarefound, suggestionsormeaningfulcomments
areenteredcarefullyintothecommentsform (letterR
inFigure1) sentbyauthor.

Phase4 – Feedback.Thereviewersendsthe

completedcommentsformtotheauthor(letterFin
Figure1) , andcopies(cc) thistotheinstructorfor
qualitymanagement(letterQ.2 inFigure1).

Phase5– Revise.Afterreceivingthecomments
form, theauthormakesrevisionstotheirmanuscript
code(letterVinFigure1) referencingthereviewer's
commentsandsuggestions.Thecompletedrevisedcode
willbeemailedtotheinstructorforqualitymanagement
(letterQ.3 inFigure1).

Phase6– Qualityassurance.Havingthemanu-
scriptcodeinQ.1, commentsforminQ.2, andrevi-
sioncodeinQ.3, givensufficienttime, itisnotdiffi-
cultforinstructorsorteachingassistantstocheckthat
theauthorandreviewerperformtheirworkresponsibly.
Throughinstructor'schecks(letterQ.4inFigure1) , it
iseasyforstudents' markstobesavedinapredefined
database.

3　Problemfinding

IntheabovePCRprocess, itisassumedthatall
theparticipantsfulfilleveryphasecarefullyandrespon-

sibly.However, itwasnotverysatisfactory.Through
theObjectOrientedProgramminglaboratoryclassofthe
ninestudentsintheHIT-DITjointprograminspring
semester2007, itwasfoundthatthedesignofthisPCR
processwasnotperfecteventhoughmostofthe
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studentsreceivedsatisfactorymarksinthiscourse.This
mayhavebeenaresultofcarelessauthors, irresponsi-
blereviewersand busyinstructorsinthereview
process, whichmightdiscountthelearningoutcomeof
thewholePCRprocess.

Theproblemswerediscoveredbyobservingthe
students' performance and interviewing with the
studentswhentheyfinishedtheiracademicyear.These
problemsaresummarizedasfollows:

( 1) Theprocessflowisdifficulttocontrol.Al-
thoughstudentsareaskedtosubmittheirworkcompl-
yingwiththesequencedescribedinFigure1, afewof
themdidnotsubmitontime.Forexample, students
arerequiredtoemailtheirmanuscriptcodetothein-
structorforthequalitycontrolbeforesubmittingitto
theirreviewers.However, someofthemsubmittedtheir
manuscriptcodeandrevisioncodetogetheratthelast
minutemakingitverydifficultfortheinstructorto
checkifthemanuscriptcodehasnotbeenchanged
whenitisbeingreviewed.Anotherexampleiswhenall
thereviewersarerequestedtosendacopyofthecom-
mentsformintimetotheinstructorwhentheygivetheir
feedbacktotheirauthors.However, aminoritygroupof
studentsoftenforgettodoso.Theseproblemsmakeit
impossiblefortheinstructortocontrolthequality.

( 2) Conspiracyexists.Thefixedgroupingstrate-
gyprovidestheopportunityforauthorsandreviewers,
havingagoodrelationship, toinventamethodtoblun-
derthrough.Case1:Afteranauthorwhomayhavea
poormarkfinisheshis/hermanuscriptcode, he/she
sendsthemanuscriptcodetothereviewerinanon-pro-
ceduralway.Thereviewerperformsthereviewandre-
turnsthecommentstotheauthorwithoutrecordingit.
Theauthormightperformsomeupdatetothemanu-
scriptcodebeforeformallysubmittingit.Although
someofthelearningobjectivescanbemet, thequality
ofthewholePCRcannotbeguaranteed.Case2:The
possibilityexistswheresomereviewersfinishtherevi-
sionworkinsteadoftherevisers( authors).Case3:
Someauthorswritelowqualityprogramsandafternego-
tiationwiththereviewer, willagreetodoa“shallow”
review.Case4:Thereviewercompletesthecomments
formveryquicklyaftersimplyrunningtheauthor'spro-
gramandnotreadingthecodecarefully.

( 3 ) Falsificationofdata.Falsificationcanbe
viewedasaspecificcaseofconspiracyandislisted
separatelybecauseofitshighfrequency.Sometimes
whenoneofstudentsinthesamereviewgroupfinishes
theassignmentprogram, theirgroupmatesmightcopy
thewrittenprogramandmakesomechanges, suchas
addingsomeprogram commentsorevenmakesome
negligibledefects.Afterthefalsificationisdone, the

author'smanuscriptcodeentersthewholePCRprocess.
Thisbehaviorcausesaseverenegativeinfluencetoe-
mergeontheprocessassessmentanditsqualityassur-

ance.
Therefore, itisnecessarytobuildupanappropri-

atecontrolmechanism, suchasconstructingsomesoft-
waresystems, tomaximizelearningoutcomeofallthe
gameplayers.

4　QualityAssuranceStrategy

Theimprovementandutilizationoftechnologycan
oftenchangetheresultofmanagement, andthePCR
processisnotanexceptiontothis.SomeMISbasedon
computerscienceandtechnologycannotonlydecrease

theworkingintensityofparticipants, butalsomake
someimprobablemanagementpatternspractical.With
thesupportoftheMIS, thePCRprocessinthispaper
willbemoresuccessful.
4.1　Web-basedPCRmanagementinformation

system
Itwasfoundthattimesequenceproblemsexistin

thecurrentPCRprocess.Thetimingproblemsareoften
thekeyfactorsaffectingthequalityassuranceofPCR.

Forexample, beforethewelldevelopedinformation
systemcommences, thecommonwayforinstructorsand
studentstotransferfilesisviaemail.Asisknown, the
delayorerrorofemailsometimesbecomessome
students' excusefornotsubmittingtheirassignment
workontime.Infact, thisproblemdoesharmthe
students' timemanagementresponsibilitiesaswellas
impedethedevelopmentoftheinstructor'squalityman-
agement.

Aswellasthis, awebbasedPCRmanagementin-
formationsystemisunderconstruction.Inthissystem,
ablindreviewmechanismwillbecarriedoutbyacom-
puterandstrictsubmission, reviewing, andrevision
managementcansolvethequalityassuranceproblems
causedbytimesequenceissues.Forexample, whenan
authorsubmitsthemanuscriptcode, acopywillbeau-
tomaticallysenttotheinstructorbythesystem.Whena
reviewergivesthecommentsformbacktotheauthor, a

copyofcommentsformwillbesenttotheinstructor.
Theseprocedurescanpreventsituationssuchasde-
layedsubmission, repeatedsubmissionandmissedsub-
mission.Mostimportantly, theMIScansimplifythere-
viewingprocess.Forexample, theblankcomments
forminFigure1 canbegeneratedautomaticallybythe
computer, whichcanreducetheauthor'sworkloadand
thedifficultyofimplementation.WhentheMISiscom-
pleted, theprocessinFigure1couldbefurthersimpli-

fiedandconsistsoffourmainphases:write/submit,
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review/feedback, revise/finalizeandqualityassurance
(seeFigure2).ThewebbasedPCRprocessismore
effectiveandconvenientforstudentlearning, which
willelevatetheprobabilityofsuccessfulimplementation
ofPCR.

Fig.2　PCRprocesssupportedbyMIS

4.2　Evaluatingsystemforcodingstandards

Aftertherecentpublication
[ 8]

, lotsofresearch
anddevelopmentworkaboutcodingstandardwasun-
dertakenandanonlineevaluatingsystemwasdevel-
oped.WiththeopenwebbasedMIS, theinstructorcan
setathresholdvalueandmakesurethatonlythesource
codewhichcanpasstheevaluationcanenterthereview
process.Thisapproachcanpreventtheunqualifiedor
carelessstudentfromsubmittingpoorlywrittencode.

Infact, withthehelpofcodingstandardevalua-
tion, thisapproachtakescomplyingcodingstandardas
thepriorconditionofenteringtheformalcodereview
procedure.Theadvantageofthisstrategyisthatit
makesthereviewersconcentratetheirmindontheprob-
lemsbeyondcodingstandardssothatthelearningout-
comecangreatlyincrease.However, thestudentmust
bewellqualifiedtofindhighlevelandcomplicateder-
rorsratherthancodingstandardissues.Sothisap-
proachcanbeappliedinhighlevelstudents, otherwise
thethresholdmustbeadjustedlowerforstudentslearn-
ingintroductoryprogramminglanguage.
4.3　Codereviewtool

Earlyin1996, BelliandCrisanpresentedtheau-
tomationofcodereview

[ 9]
.LateronJun-SukOhand

Ho-JinChoidemonstratedtheautomatedcodereview
priortomanualcodereview

[ 10]
.Also, astaticanalysis

tooltargetinglightweightprogramverificationandfind-
ingcodingdefectsinJavawasdeveloped

[ 11]
.

Onthebasisoftheabovereferences, theauthors
ofthispaperbelievethatsomeobviousdefectscanbe
removedbeforemanualreviewbysometoolsbasedon
computerscience.Forexample, simulatedcompiler
techniquescanhelpfindsimplesyntaxerrors, whilea
logicerrorcheckercanhelpfilterspecificandobvious

logicerrors.Thesuggestedstrategyisthatallthepro-
gramswhichcannotpassthesetoolsarenotallowedto
enterthePCRprocedure.

4.4　Revisionmanagement
Thedifferencebetweenrevisioncodeandmanu-

scriptcodeisthekeytothequalityassuranceofPCR,
thekeytoevaluatingwhetheranauthordealswiththeir
studycarefully, andthekeytoassesstheoutcomeof
thewholelearningprocess.Anauthormustfinishthe
revisioncodebasedonthemanuscriptcodeandthere
shouldbeadifferencebetweenthem.Thedifference
dependsonthecommentsformandthereviser' sbe-

havior.Infact, ifthesourcecodedifferenceanalysis
toolslikein

[ 12-13]
aredeveloped, thenthecomputer

candothecomparisonoftwoversionsinsteadofthein-
structor.Whattheinstructorneedstodoisjustcheck
whetherthedifferenceisin-linewiththecomments
form.Ifthisapproachissuccessful, thentheefficiency
ofthewholePCRprocesswillgreatlyenhance.

WiththesupportofMISmentionedabove, the
PCRprocesswillbecomemorepracticalandefficient.

Whiletheobjectivetoenhancethewholelearningout-
comeisachieved, thequalityofreviewinggetsade-
quateassuranceandinstructorscanvaluetheirtimefor
aneffectiveimplementationandscientificmanagement
ofthePCRprocess.

5　ConclusionandFutureWork

Whenthesoftwareindustrypaysmoreattentionto
qualitymanagementandbeginstoresearchhowtocon-
trolthehighcostoftestingandmaintenance, thecode
reviewatsourcecodelevelattractsmoreandmoreem-
phasis.Eventhoughcodereviewsaretimeconsuming,
theyaremuchmoreefficientthantesting.Atypicalen-
gineer, forexample, willfindapproximately2to4de-

fectsinanhourofunittestingbutwillfind6to10de-
fectsineachhourofreviewcode

[ 6]
:160.

However, theprocessinourpreviouspublica-
tion

[ 5]
isnotperfect.Someproblemswerefoundafter

theimplementationintwoacademicyears, soaseries
offurtherresearchwasundertaken.Theyare:① many
improvementsweredonefromtheviewofrole, docu-
mentationandprocedurestomakethePCRprocess
clearerandmoreconvenientforfutureresearch;②on
thebasisoflaboratoryobservationandinterviewingwith
students, itwasfoundthatthereareobviousprocess
managementissuessuchastimesequencingwhichcan
determinethefateofthisPCRprocess;③theconstruc-
tivesolutionsbasedoncomputersciencetoimplement
thePCRprocesssuccessfullywereputforward.

Atthesametime, thereislotsoffuturework.
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First, thePCRprocessisrecognizedasagametheory
issue, soitisnecessarytobuildupagametheorymod-
eltocontrolthebehaviorofallparticipants.Second,
themanagementinformationsystem mentionedabove
willbeamainpartofourfuturework, especiallythe
informationsystembasedonwebservices.Last, ifa
sourcecodelibrarycouldbebuilt, inwhicheverysam-
plehasbeencheckedandanalyzedquantitativelyand
objectively, theabilityofstudentstodocodereviews
canbemeasuredmoreprecisely.Bythismeaning,
someborntesterscouldbediscovered

[ 7]
whoarepres-

entlylackinginmostcountries.

References:

[ 1] 　GEHRINGEREF, CHINDD, PEREZ-QUINONESM

A, etal.Panel:UsingPeerReviewinTeachingComputing

[ C] .Proceedingsofthe36thSigCSETechnicalSymposi-

umonComputerScienceEducation, 2005, 37:1.

[ 2] 　SITTHIWORACHARTJ, JOYM.On-lineFeedbackand

Assessment:EffectivePeerAssementforLearningCom-

puterProgramming[ C] .Proceedingsofthe9thAnnual

SigCSEConferenceonInnovationandTechnologyinCom-

puterScienceEducation, June2004.

[ 3] 　 TRYTTEND.ADesignforTeamPeerCodeReview[ C] .

Proceedingsofthe36thSigCSETechnicalSymposiumon

ComputerScienceEducation, 2005, 37:1.

[ 4] 　FALLOWSS, CHANDRAMOHANB.MultipleApproa-

chestoAssessment:Reflectionsonuseoftutor, peerand

selfassessment[ J] .TeachinginHigherEducation,

2001, 6( 2 ), 229 -246;AssociationforLearningTech-

nologyJournal(ALT-J), 2001, 9( 1):26-37.

[ 5] 　WANGYan-qing, SUXing, HUYan, etal.HowtoE-

valuateStudents'LearningOutcome:APeerCodeReview

ModelinUndergraduateComputerProgrammingClass

[ C] .Proceedingsofthe2ndInternationalConferenceon

ComputerScienceandEducation.Wuhan, China.2007:

1292-1295.

[ 6] 　HUMPHREYWS.IntroductiontothePersonalSoftware

Process[ C] .Addison-Wesley, PearsonEducation, Inc.

2002:159-163.

[ 7] 　 CUNHAAlessandraDevitoDa, GREATHEADDavid.

DoesPersonalityMatter? AnAnalysisofCode-reviewA-

bility[ J] .CommunicationsoftheACM, 2007, 50 ( 5):

109-112.

[ 8] 　WANGYan-qing, WANGJian-zheng, SUIXiang-nan, et

al.QuantitativeResearchonHowMuchStudentsComply

withCodingStandardinTheirProgrammingPractices

[ C] .Proceedingsofthe3rdChinaEuropeInternational

Symposium onSoftwareIndustryOrientedEducation,

Dublin, Ireland.2007:116-119.

[ 9] 　BELLI, F, CRISANR.Towardsautomationofchecklist-

basedcode-reviews[ C] .ProceedingsofSeventhInterna-

tionalSymposiumonSoftwareReliabilityEngineering.30

Oct.-2 Nov.1996 :24-33.

[ 10] 　OHJun-Suk, CHOIHo-Jin.AReflectivePracticeof

AutomatedandManualCodeReviewsforaStudioPro-

ject[ C] .ProceedingsoftheFourthAnnualACISInter-

nationalConferenceonComputerandInformationSci-

ence(ICIS' 05).2005:37-42.

[ 11] 　GEAYEmmanuel, YAHAVEran, FINKStephen.Con-

tinuousCode-QualityAssurancewithSAFE[ C] .PEPM

' 06 January9 – 10, Charleston, SouthCarolina,

USA.2006:145-149.

[ 12] 　MALETICJI, COLLARDML.Supportingsourcecode

differenceanalysis[ C] .Proceedingsof20thIEEEInter-

nationalConferenceonSoftwareMaintenance, 11 -14

Sept.2004:210-219.

[ 13] 　COLLARDML, KAGDIH, MALETICJI.Factoring

DifferencesforIterativeChangeManagement[ C] .Sixth

IEEEInternationalWorkshoponSourceCodeAnalysis

andManipulation(SCAM'06).2006:217-226.

120


