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Abstract The softvare industty is asking unjversities and colleges © cultivate more sofware engineers who can wrjte qualiy progran s

A Peer code meview process js an iea] approach © maximize he Jeaming outcane of students in Pre@ranm ng In this papqr the

process n our Previus pup Jication was inproved The found Prohlen swere analyzed wh ich w i]| take as the basis of e fuure research

on qualiy assurance Fially a set of soJutjons hased on cam puter scence were proposed © furter mprove fhewhole review process
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1 Introduction

Smce mnspecton was mtioduced as a means Of
sofware quality assurance many software engineering
educators have hecame more mterested n mtrojuc ing
So fa’r the re
specific code review
process or approacheél’ﬂ’ (@) perfomance mproving
and(3) supporting ook 10 en
hance the leam ng outcane of code review®!  (General
1}' the applration of code review $ divided no three
categorieé“’ﬂ: self reviav&“ﬂ peer revew and tutor
Ievievy among which pPeer cade revew ( PCR) B rec.
gnized as the most practica] oné>  PCR is a tech
nue which 1s generally considered 0 he effective on
prmotng students  hBher ceBnitive skills!
stdents use their own know Jedge and skill 10 nempret
analyze and evajuate ohers work to clariy and correct
it

code review nto their courses' 3l
search on code review covers(])

or quality assuranceé’!
2

s|ncee

A PCR Process presented in [ 5] was conducted
on Yeary students m our Schoo| of Sofware in Hath i
Institute of Technology Using this approacb students
improved thenselves when helping other students E-
ven though he students are the higgest beneficiarie§
the burden on jnstuctorswas afso |ightene] A ccording
10 the analys;s of the extractd dat'gi itwas found that
this PCR Process has a hi8h operahility and hus a het
fer Jearning outcame was achieved
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Neverhe]es§ after inp menting this Process dur.
ng wo acadamic years i ¢ 20052007
ducoy progranm ng clas§ san e Prohlan s were found
when checking the docum ents supmited by the students
and also interview ng same students Except for the
pPophlans associated with dualification issues such as
sane sudents lack he Programm ng ahility t© write
quality Prograns or 10 he qualified revievers thema jor
pohlans came fram the Jacking support offnanagement
nfomaton system (MIS The Pophkms assocated
with student s qualificatpn can he addressed by sbe
cific tranng on programming ability and reviewing
technique This Paper thus focuses on quality assurance
bY Process nprovemen tand scientific managam ent

n an nto.

2 Peer code review process

So as 10 facilitate the canmunijcation with other re
searchers jn future W011§ the Peer cade review process
in[ 5] was refined in the following three aspects
2 1 Redefniton of ofs

Based on the popular nan ng conventpn n Puphli
catpn circle |ke joumals or conference§ the oles
this PCR Process are redefined as plloving [t is easy
0 find 1ha7t the first three wles are aken LYy student§
while the Jasto]e i{s PlaYed bY an mstructor or a teach
ing assjstan t

(1) Author s a student who acceps the code re
view activity hY sameone e}s’e
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(2) Reviewer i{s a perfomer who does the code
review activiﬁ’l

(3) Reviser is the author hinselfs herse]f W hen
an aufor has accepted the pm contaning the can_
ments and begins his/ her revision woﬂ’{ hes she now
change mle and hecames a revise;r

(4) Instuctor may he the lecturer or qualified
teaching assistant? who is responsihle for the progran_
ming lah class They check the written cod§
Iesu11§ deliver grades to studern§ and tutor severa]
students who are slov ng in pace
2 2 Redefiniton ofdocun ents

Smilary  documents i’ are inprove] The de
failed results are as fo]lovv:s

(1) Manuscript Cod:e source code the author has
just canpleted [t s encouraged that the author reviews
their ovn code before supmitting  herehy mak n& the
follov ng stepsmore efficient and Productive

(2) Camm ents fom the canments that the re
viewer makes when they review the manuscript code
written bY the authors As descrhed in[ 5], the can_
ments fom chedcks for desgn defect§ cod n8 de{ect§
code not canPlying with correct codng standard;s and
pPossihle 'mprovement§ etc

(3) Revision Cod:e the {na] revised Pro8ram a fter
making changes 10 the manuscript code hased on the re
cejved carments pm The quality of the revispn code
dePends on He quality of themanuscriPt code the re
Viewer S ﬂqoroughnes;% and the care of the 71reV iser

(4) Reference Solut’pp the answer 10 the assi€n
mentand is held by the nstuctor This should be the
camplete program  [twil] be used 10 assess the kaming
outcane of the autho’r Ieviewe,r and even the reviser

review

Wwhen quuired
23 Refnementof PCR Pmocess

Besdes the redefinition of mles and documents
te whole Process wi]| be refned
San e Phases are rede fined more Precsely and same are
adjusted n tine sequencing( Figulel). In FgureL
the wo activities heginning with etter S hejong © the
sugn it Phase and a]] the activities startng w ih, letterQ
fall no he qualiy assurance Phase

The refined PCR Process consists of ¢ Phases
which are made clearer than he definitpns made i
[5]. Each Phase § descrbed as {ollows

Phase; = Wrie A student( aulhoy wil] can_
Plete their ovn assignmen t Program ( manuscript C0d§
thatmay pass the canpilation and running test( ke tter
W nFieurep),

Phasey —  Suimit The author will anajl the

manuscript code 10 the mstrucor as soon as pPossile

mentpned ahove

-~ | manuscri
or
vise p
| :
" comments form | comments form
5.1 B
| (blank) — (filled)

e ot NN
PCR flow chart

FE 1

( letterQ 1 ianurel) t0 enaple the jnstruactor {or to
peror he quality management Following this  the
camments fom with basic nfomaton such as authors
name and revewers name ( letterS 1 n Fgurel) IS
sent 0 the spPecific Ieviewer( etter So in Figure1>
tBetherwith the assocated manuscript code

Phasez_ Review When the reviewer recejves
the manuscript ood§
soon as possple  If any defects or possihle mprove
ments are f)un(j suggestions or meaningfu] canments
are entered carefully mto the canments fO]n’l( letter R
n Fiure 1) senthy author

Phase 4 — Feedback The revewer sends the
campPleted canments {form © Hhe author( letter F n
Figurel)’ and copiGS( cc) this 10 the nstructor {or
qua]itYmanagenent( letterQ 2 inFigurel)_

Phaseg_ Revise A fter receiving the canments
fOIII’l the author makes revispns t0 their manuscript
oode( letterV in Figurel) referenc ng the reviewerws
camm ents and suggestions The canPleted revised code
will be emajled t© he nstructor for qua ity management
( leterQ 3 in Figure 1.

Phaseqg— Quality assurance Having fe manu
scrpt code n Q 1, and revy
spn code n Q 3 given sufficient fm’e it s notd iffr
cult for instructors or teach ng assistants © check that
the author and reviewer perform the jr work responsihly
Thoug, nstuctors CheCkS( eterQ 4 inFigurel), it
1s easy Ppr students marks © he saved n a predefined
daabase

3 Problem find ng

In the ahove PCR Process
the ParticiPants fulfi]] every ph,ase carefu]ly and resporn
sbly Hozveve,r it was not very satisficory Through
the Object(riented Programm ng Jahoratoty class of the
njne stdents in the HILDIT joint Pro€r@m i spring
san ester) (7, itwas found that the design of this RCR

process was not Perfect even though, most of the

they will perform the review as

canments pm nQ 2

it 1s assumed that al]
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sudents receved satisfactorymarks in this course This
may have heen a resujt of careless author’s {rrespons
ble reviewers and husy mstucors
proces§ which mght discount the leamng outcame oOf
the whole PCR Process

The Poohlans were discovered hY opserving the
sudents perpmance and mterviewing with the
students when they finished their acadanic Year These
Pohlan s are sunim arjzed as fOll(W:S

(1) The Process flow i difficult © control Al
tough students are asked to supgmit theirwork canpl
ying€ wity the sequence descrped in FigureL a few of
then did not supgnit on tine For examp}ye students
are required 10 @naj] thejrmanuscript code 0 he mn
structor {or the quality contro] pepre supm itting it to
their reviewers HONeve}‘ same of han supmitted their

n the review

manuscript code and revison code together at the Jast
mijnute making it very difficult for the mnstmuctor to
check if the manuscript code has not heen changed
when it  being revieve] Another exanple i when a|]
the revewers are requested 10 send a copy of fe can
ments form jn tme t0 the mstructorwhen they gve their
feedback t0 their aupors Howeveyr am jnoriy group of
sudents offen piget 10 do sO These Proplensmake it
inposshle pr the mstructor t© conto] he quality

(2) Conspiracy exists The fixed grouping strate
gy provides the opportunity {or authors and reviewer§
having a good relationshﬂ? © pventamethod © blun
der through Case I A fter an authorwhomay have a
poor mark finishes his/ her manuscript ood§ he/ she
send s the manuscript code o the reviewer jn a non pPro
cedura] way The reviewer perforns the review and re
ums the canments 0 the auhor without recording it
The author mght Perform sane update © He manuw
scrpt code hefore fomally supmitting it Although
sane of the learning opjectives can he met te Quality
of the whole PCR can not he guarantee( Casez The
possihiliV exists where sume reviewers finish the revi
spn work mstead of the IeviseIS( aUIhOIS). Cases,
San e authorswrite Jov qualiy Pro8rams and after nego.
gation with the reviewe’r wil] a8ree 10 do a« shallow’
review Case4 The reviewer canpPletes e canments
fom very quickly after smpPy mnning the authors pra
gran and not read ng the code carefu]ly

(3) Falsification of da@ TFalsification can he
viewed as a specific case of conspjracy and s [isted
separately pecause of its hBh frequency Sanetines
when one of students m the same review groupP f{inishes
the assigment program  heir group mates might copy
the writen prog€ran and make same change’s uch as
add ng same Progrm camment Or even make sane
negligible defects Afer the falsification is done  the

auhorsmanuscrpt code enters the whole PCR Process
Th 8 behavior causes a severe negative mfluence 10 e
merge on he Process assessnent and its qua ity assur
ance

”[hereforse it 1S necessary 10 huild up an app roprp
ate Controlmechani&n} U ch as constructing same soft
ware s}’sﬂn’s
game players

t0o maxjnjze leam g outcane of al] the

4 Quality Assurance Strategy

The improvament and utj]ization of technology can
often change the result of managemen} and the PCR
process jsnotan exception © b SameM S based on
canpu er scence and €chnojogy can not only decrease
the working nensity of participant§ put ajso make
same inpohahle managenent pattems Practica] W th
the support of the MIS  the RCR Process in this paper
wi]l bemore successfu]

4 1 W eb-based PCR management m{fom atpn
system

[twas found that tine sequence Prophlans ex;st
the currentPCR Process The tining Prohlean s are often
the key factors affecting the quali¥y assurance of PCR
before the we]] develobed inpmation
system cammences the canmonway for mstructors and
students to transfer files § via emaj] As 8 kl’lO\Nl”l the
depyY or emor of emaj sametines hecanes sane
students  excuse {or not supjmitting their assigment
work on tine n fac,t this Poplan does ham the
students  tin e managament rePonsihilities as wej as
inpede the development of e mstrucors qualjty man.
agement

Aswel] as thi§ aweh based PCR management jn
fomaton ystan s under constu Cti(l_l In this SYSHI}
a b lind review mechanism w i he carried outhy a can_
puter and strict supm issior} Ieviewing
management can sojve the qualiy assurance Prohlans

For examp 1§

and revision

caused by tine sequence jssues [or exampLe when an
au for supm {8 the manuscript cod76 a copy wi]l be aw
tanatjcally sent 10 the nstructorhy the sysem When a
reviewer gves the canments fom hack 0 he autho’r a
opy of canments fom wi]]l be sent ©0 the mnstucor

These procedures can Prevent sjtuations such as de
layed supm s s iog repeated supm ission and missed sub-
mission Most mporantly theMIS can sinpliff the re
viewng process For examp]g: the blank canments
form in Figure| can he generatd autanatically by the
campu er which can reduce te author s workload and
the difficulty of inPlenentatpn W hen the MIS is can-
pleted the process in FRure | could be furher smpPli
fed and consgts of four main phase:s write, sujm i,t
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review, fedback  revise, finalize and quality assurance
( see Figurez). The webh based RCR Process s more
effective and convenijent for student Jeam hg which
wil] elevate the Prohahility of successfu] mplementation
of PCR

revision code

j

” ~. |
b “ "
¢ author/ N W 0 manuscript code
d \
A

‘\\ reviser 3

e

commentsform

F872 PCR Process supported by MIS
Evauatng system for codng€ standards
Afer the recent pub]icatiorﬁs]’ lots of research
and deveppment wotk ahout codng standard was un
dertaken and an on]jne evajuating systam was devel
obed W ih the dPenwep basedME the pstructor can
set a threshold vajue and make sure thatonly te source
code which can pass fe evajuation can enter the review
process Th$ aprach can Prevent the unqualified or
careless sudent fran supm itting poorly written code

In fac’t with the helP of coding standard evajua
ton this approach ekes canpying coding standard as
the prior condition of enterng the formal] code review
proocedure The advantage of this state®y s that it
makes te reviewvers concentrate the jrm pnd on the Prop.
ms peYond codng standards so hat the Jeam ng out
come can greaty ncrease Howeve’r the studentmust
be we]] qualified to find high leve] and canPlicatd er
o ather than cod pg standard ssues SO his ap
proach can he app lied 1 high leve] students othewise
the threshold must be adjustd lowver for stu’dents‘ learmn.
ng mtroducpry progranm ng language
4 3 (Code revew 100]

Early n 1996 Belli and Crgan presented the aw
tmatjon of code revew?!  [atr on Jun Suk Oh and
Ho Jin Choi denonstrated the autmated code review
prior tomanua] cade review!'? Alsp a static anaysis
to0] fageting lightwe Bht Program verification and find
ng cading defects n Java was developed !

On the basys of the ahove refermce§ the authors
of this Paper heleve hat sane ohvious defects can he
removed hefore manua] review LY sane too]s based on
smulated canpiler
techniques can help find sinple syntax errors while a
g€ ic error checker can help filer sPecific and ohvious

4.2

campPu er science  For example
. 2

I€ic errors The sugBested stategy is that a]] the P
gran swhich can notpass these t00]s are not ajloved to
entr the PCR Procedure
4 4 Revsonmanagement

The difference peween revision code and manuw
scrpteade § the key © he quality assurance of RCR
the key to evaluatin€ whether an author dealsw ith their
study carefull}’ and the k€Y © assess the outcane of
the whole kamiing process An authormust finish the
revision code hased on the manuscript code and there
should be a difference peween them The difference
depends on the canments fom and he reviser s he
havior Tn fagt if the source code difference analysis
too]s like mm!'z 13 are devepped hen the canputer
can do the canparison of wo versions pstead of the m
stucor W hat the nstructor needs 10 do $ jst check
whether the difference s nlne with the canments
form  If this approach is alccessfuJ then the effciency
of the whole PCR Process wi]| 8reat]y enhance

W ih the support of M IS mentoned abov§ the
PCR Process w ]| becanemore practica] and effrient
W hile the opjective © enhance the whole leampg out
cane {S achievegi the quality of review ng gets ade.
quat assurance and jnstrucors can vajue theyr tme {or
an effective mplanentatpn and scientific management
of the PCR Process

5 (Concluson and FutureW ork

W hen the softwvare ndusty paysmore attenton to
quality managen ent and hegis 10 research how © con
o] the h Bh cost of testing and ma'ntenanc§ the code
review at source code leve] attracts more and more an_
Phasis Even though code reviews are tine consum in.g
they aremuchmore efficient than testing A tpPica] en
gineer for examp e wil] find approxinateVp 104 de
fects in an hour of unijt testin€ putwill findg t©10 de
fecs in each hour of review codel®, g0

Hovveve’r the Process n oul.r Previous Puplica
tohd s not perfect Same Prohlems were found after
the inPlementation in Wwo acadeam ic Year§ O a series
of further research was undertaken They are (D many
improvan ents were done fram He view of 10Le docw
mentation and Procedures t0 make the BCR Process
clearer and more conven gnt {or future research @ o
the basis of laporatory opservation and n€wiew n8w it
studen1§ itwas pund that there are chvious Process
management jssues such as tine sequencing wh ch can
detm ne the fate of h s PCR process ® the constuc
tive solutons hased on canputer science to0 inplement
the PCR Process successfully were put fowar]

At the sane n’m’e there is Jots of fature woig
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Firs,t the PCR Process is recognizd as a gane theory
i$u76 SO it S necessay 10 build up a am e theor’y mod-
e] 1o contro] e behavior of a]] Partc Pants Seoon(j
the management npmation systan mentioned ahove
will be a majn part of our future W011§ ePecally the
infomaton system hased on weh services La%t if a
source code |ihrary could he built n which every san_
Ple has been checked and analyzed quantjpativey and
objectively the ability of sudents t© do code reviews
can he measured more precisely BY this meanin’g
sane hom fsters could be discovered” who are pres
ently Jacking nmost countries
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