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Abstract: The sofvare industry isasking universities and colleges to cultivate more ftvare engineerswho canwrite quality prograns

A peer code reviev process is an ideal goproach  maximize the leaming outcame of students in progranming

In this paper, the

process in our previous publication was improved The found problemswere analyzed which will take as the basisof the future research

on quality assurance Finally, a setof lutions based on camputer sciencewere proposed  further mprove thewhole reviev process
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1 Introduction

Since ingection was introduced as a means of
oftvare quality assurance, many Sftvare engineering
educators have became more interested in introducing
code reviev int their courses’ ¥, S far, the re-
sarch on code revievw covers pecific code reviewn
process or gppoaches’ ® | perfomance mpving
or quality assurancé”’, and  supporting tols o en-
hance the leaming outcame of code revien'®. General-
ly, the gpplication of code reviev is divided into three
categories® ' : =lf revien'® , peer reviev and tutor
reviav, amongwhich peer code reviev (PCR) is rec-
ognized as the most practical oné”. PCR is a tech-
nique which is generally considered o be effective on
pramoting students’ higher cognitive kills*, since
students use their ovn knowledge and ill o interpret,
analyze and evaluate others work t clarify and correct
it

A PCR process presented in [5] was conducted
on Year 2 students in our School of Softvare in Harbin
Institute of Technology U sing this goproach, students
mproved then<selves when helping other students E-
ven though the students are the biggest beneficiaries,
the burden on instruciorswas al lightened A ccording
o the analysis of the extracted data, itwas found that
this PCR process has a high operability and thus a bet-
ter learning outcome was achieved

*

: 2007 - 10- 28
(1968 ) I ;

Article D: 0529-6579 (2007) S2-0116-05

Nevertheless, after mplementing this process dur-
ing tvo acadamic years, 1 e 2005-2007 in an intro-
ductory progranming class, $me problanswere found
when checking the documents submitted by the students
and al® intervieving sme students Except for the
problens asociated with qualification issues such as
sme students lack the progranming ability © write
quality progransor © be qualified revievers themajor
problens came fram the lacking support of management
infomation system (M IS). The problens asciated
with student’ s qualification can be addressed by e
cific training on progranming ability and revieving
technique Thispaper thusfocuseson quality assurance
by process mprovanent and scientific managament

2 Peer code review process

S as  facilitate the communication with other re-
searchers in future work, the peer code reviev process
in [5] was refined in the following three apects
2.1 Redefiniton of mles

Based on the popular naming convention in publi-
cation circle like journals or conferences, the rles in
this PCR process are redefined as folloving It is easy
o find that, the first three roles are taken by students,
while the last role isplayed by an instructor or a teach-
ing assistant

(1) Author is a student who accepts the code re-
vieaw activity by ssmeone elsg
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(2) Reviever is a perfomer who does the code
reviav activity,

(3) Reviser is the author himself/herself W hen
an author has accepted the fom containing the com-
ments and begins his/her revision work, he/she now
change role and becomes a reviser,

(4) Instructor may be the lecturer or qualified
teaching assistant® who is regponsible for the program-
ming lab class They check the written code, revien
reaults, deliver grades © students, and tutor several
studentswho are sloving in pace
2.2 Redefiniton of documents

Smilarly, documentsin™® are mproved The de-
tailed reaults are as follovs

(1) Manuscript code: source code the author has
just campleted It is encouraged that the author revievs
their ovn code before saubmitting, thereby making the
folloving stepsmore efficient and productive

(2) Camments fom: the conments that the re-
viever makes when they reviev the manuscript code
written by the authors A sdescribed in [5], the com-
ments fom checks for design defects, coding defects,
code not complyingwith correct coding standards, and
possible mprovements, etc

(3) Revision code: the final revised progran after
making changes b themanuscript code based on the re-
ceived canments fom.  The quality of the revision code
dependson the quality of the manuscript code, the re-
viawver' s thoroughness and the care of the reviser

(4) Reference slution: the ansver o the assign-
ment and is held by the instructor  This should be the
camplete program.  Itwill be used © assess the learning
outoame of the author, reviewver, and even the reviser
when required
2.3 Refinementof PCR process

Besides the redefinition of roles and documents
mentioned above, the whole process will be refined
Some phases are redefined more precisely and sime are
adjusted in time sequencing (Figure 1). In Figure 1,
the wo activities beginning with letter S belong o the
aubmit phase and all the activities startingwith letter Q
fall into the quality assurance phase

The refined PCR process consists of 6 phases
which are made clearer than the definitions made in
[5]. Each phase is desribed as follovs

Phaze 1 ¥’ Write A sudent (author) will com-
plete their owvn assigrment progran (manuscript code)
that may pass the compilation and running test ( letter
W in Figure 1).

Phasee 2 ¥ Submit The author will email the
manucript code © the instrucior as son as possble

Fig 1 PCR flov chart

(letterQ. 1 in Figurel) t enable the instructor for o
perform the quality management Following this the
comments fom with basic information such as author’s
nane and reviewer's nane (letter S. 1 in Figure 1) is
ent o the Pecific reviewer (letter S. 2 in Figure 1)
together with the asociated manuscript code

Phas 3 3/ Revien. W hen the reviewer receives
the manuscript code, they will perfom the reviev as
0n as possible If any defects or possible mprove-
ments are found, suggestions or meaningful comments
are entered carefully into the comments fom ( letter R
in Figure 1) sent by author

Phaee 4 3 Feedback The reviever sends the
completed comments form to the author (letter F in
Figure 1) , and copies (cc) this to the instructor for
quality management ( letter Q. 2 in Figure 1).

Phase 5 3/ Reviee After receiving the conments
fom, the author makes revisons o their manuscript
code (letter V in Figure 1) referencing the reviaver’s
comments and suggestions The completed revised code
will be emailed t the instructor for quality management
(letter Q. 3 in Figure 1).

Phasee 6 3 Quality asuurance Having the manu-
<ript code in Q. 1, comments fom in Q. 2, and revi-
sion code in Q. 3, given wfficient time, it is not diffi-
cult for instructors or teaching assistants o check that
the author and reviever perfom theirwork regponsibly.
Through instructor's checks (letterQ. 4 in Figure 1) , it
is easy for students marks o be saved in a predefined
database

3 Problem finding

In the above PCR process, it is assumed that all
the participants fulfill every phase carefully and regon-
sibly However, itwas not very stidactory. Through
the Object Oriented Progranming laboratory classof the
nine students in the HITD IT joint progran in $ring
smester 2007, itwasfound that the design of this PCR
process was not perfect even though most of the
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students received satidactory marks in thiscourse This
may have been a reault of careless authors, irreponsi-
ble revievers and busy instructors in the review
process, which might discount the learning outcame of
thewhole PCR process

The problens were disovered by observing the
students’ perfomance and interviewing with the
studentswhen they finished their academic year These
problems are summarized as follovs

(1) The process flow is difficult to control A l-
though students are aked to submit their work campl-
yingwith the sequence described in Figure 1, a faw of
then did not submit on tme For exanple, students
are required © email their manuscript code o the in-
structor for the quality control before submitting it o
their reviavers However, sme of then subtmitted their
manuscript code and revision code together at the last
minute making it very difficult for the instructor
check if the manuscript code has not been changed
when it isbeing reviaved Another example iswhen all
the reviavers are requested © send a copy of the cam-
ments fom in tme  the instructorwhen they give their
feedback © their authors However, aminority group of
students often forget o do &0 These problensmake it
impossible for the instructor o control the quality.

(2) Congiracy exists The fixed grouping strate-
gy provides the opportunity for authors and revievers,
having a good relationship, 1o invent amethod to blun-
der through Case 1: After an author who may have a
poor mark finishes his/her manuscript code, he/she
ends the manuscript code o the reviewer in a non-pro-
cedural way. The reviewer perfoms the reviav and re-
turns the comments © the author without recording it
The author might perfom some update © the manu-
<ript code before fomally submitting it A lthough
sme of the learning objectives can be met, the quality
of thewhole PCR can not be guaranteed Case 2: The
possibility existswhere sme revievers finish the revi-
sion work instead of the revisers (authors). Case 3:
Some authorswrite lov quality prograns and after nego-
tiation with the reviewer, will agree b do a‘ shallon”
reviav. Case 4. The reviewer completes the comments
fom very quickly after smply running the author's pro-
gramn and not reading the code carefully.

(3) Falsfication of data Falsification can be
viaved as a ecific cae of conpiracy and is listed
sparately because of its high frequency Sometmes
when one of students in the same reviev group finishes
the assigrment progran, their group mates might copy
the written progran and make some changes, such as
adding some progran camments or even make sme
negligible defects After the falsification is done, the

author'smanuscript code enters thewhole PCR process
This behavior causes a severe negative influence o e
merge on the process asessnent and its quality asur-
ance

Therefore, it isnecessary o build up an gppropri-
ate control mechanisn, such as constructing sme oft-
ware ystans, o maximize learning outcome of all the

gane players
4 Quality A ssurance Strategy

The improvament and utilization of technology can
often change the rewult of management, and the PCR
process is not an exception o this SomeM IS based on
computer science and technology can not only decrease
the working intensity of participants, but alo make
sme mprobable managament patterns practical W ith
the aupport of theM IS, the PCR process in this pgper
will be more successul
4.1 Web-based PCR management information

system

Itwas found that time sequence problems exist in
the current PCR process The timing problems are often
the key factors affecting the quality assurance of PCR
For exanple, before the well developed information
systan commences, the commonway for instructors and
students o trander files isvia enail A sisknown, the
delay or error of enail smetmes becomes sme
students’ excuse for not submitting their assignment
work on time In fact, this problean does ham the
students' time managanent regonsibilities aswell as
mpede the development of the instructor’'s quality man-
agement

Aswell as this aweb based PCR management in-
fomation system is under construction In this systam,
a blind reviav mechanisn will be carried out by a com-
puter and strict submission, revieving, and revision
managament can ®lve the quality asurance problens
caused by time sequence issues For example, when an
author submits the manuscript code, a copy will be au-
tomatically sent © the instructor by the systan. When a
reviever gives the comments fom back o the author, a
copy of canments fom will be snt © the instructor.
These procedures can prevent situations such as de-
layed submission, repeated submission and missed sub-
misson Most mportantly, theM IS can smplify the re-
viawing process For exanple, the blank comments
fom in Figure 1 can be generated automatically by the
computer, which can reduce the author’sworkload and
the difficulty of mplementation W hen theM IS is com-
pleted, the process in Figure 1 could be further smpli-
fied and consists of four main phases write/ submit,
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review / feedback, revise/finalize and quality assurance
('see Figure 2). The web based PCR process is more
effective and convenient for student leamning, which
will elevate the probability of succesful implamentation
of PCR.

revision code
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Fig 2 PCR process supported by M IS
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4.2 Evaluating system for coding standards

After the recent publication'® , lots of research
and development work about coding standard was un-
dertaken and an online evaluating systan was devel-
oped W ith the gpenweb basedM IS, the instructor can
st a threshold value and make aure that only the source
codewhich can pass the evaluation can enter the review
process This goproach can prevent the unqualified or
careless student from submitting poorly written code

In fact, with the help of coding standard evalua-
tion, this goproach takes complying coding standard as
the prior condition of entering the fomal code revien
procedure The advantage of this strategy is that it
makes the reviewvers concentrate theirmind on the prob-
lems beyond coding standards 0 that the leaming out-
came can greatly increaze However, the student must
be well qualified to find high level and camplicated er-
rors rather than coding standard issues S this go-
proach can be gplied in high level students, othemwise
the threshold must be adjusted lower for students learn-
ing introductory progranming language
4.3 Code review ol

Early in 1996, Belli and Crisan presented the au-
tomation of code review'*’. Later on Jun-Suk Oh and
Ho-Jin Choi demonstrated the automated code revien
prior o manual code reviev'®. Al®, a static analysis
ool targeting lightveight program verification and find-
ing coding defects in Javawas developed ™.

On the basis of the above references, the authors
of this paper believe that sme obvious defects can be
renoved before manual review by some tools based on
computer science For exanple, smulated compiler
techniques can help find simple syntax errors, while a
logic error checker can help filter ecific and obvious

logic errors The suggested strategy is that all the pro-
granswhich can not pass these tools are not alloved ©
enter the PCR procedure
4.4 Revision management

The difference betveen revison code and manu-
<ript code is the key © the quality assurance of PCR,
the key t evaluatingwhether an author dealswith their
study carefully, and the key t assess the outcome of
the whole learning process An author must finish the
revision code based on the manuscript code and there
should be a difference betveen them. The difference
dependson the conments fom and the reviser' s be-
havior In fact, if the ource code difference analysis
tools like in'* ** are developed, then the computer
can do the camparin of o versions instead of the in-
structor W hat the instructor needs © do is just check
whether the difference is in-line with the comments
fom. If thisgpproach is succesdul, then the efficiency
of thewhole PCR processwill greatly enhance

W ith the spport of M IS mentioned above, the
PCR processwill become more practical and efficient
W hile the objective b enhance the whole leamning out-
cane is achieved, the quality of reviewing gets ade-
guate assurance and instructors can value their time for
an effective implementation and <scientific management
of the PCR process

5 Conclusion and FutureW ork

W hen the oftvare industry paysmore attention o
guality management and begins to research how o con-
trol the high cost of testing and maintenance, the code
reviav at urce code level attractsmore and more em-
phasis Even though code reviavs are time conaming,
they aremuch more efficient than testing A typical en-
gineer, for example, will find gpproximately 2 4 de-
fects in an hour of unit testing butwill find 6 © 10 de-
fects in each hour of reviev code'®': 160

However, the process in our previous publica
tion'® is not perfect Some problenswere found after
the implamentation in wo academic years  a <eries
of further research was undertaken They are: many
improvementswere done from the viev of role, docu-
mentation and procedures o make the PCR process
clearer and more convenient for future research; on
the basisof laboratory observation and interviavingwith
students, it was found that there are obvious process
management isaues uch as tine sequencing which can
detemine the fate of this PCR process  the construc-
tive ®lutions based on computer science © implement
the PCR process auccessully were put fomward

At the ssme time, there is lots of future work
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First, the PCR process is recognized as a gane theory
issue, P itisnecesary o build up a gane theory mod-
el o control the behavior of all participants Second,
the managanent infomation systan mentioned above
will be a main part of our future work, egecially the
information systan based on web wrvices Last, if a
urce code library could be built, inwhich every sam-
ple has been checked and analyzed quantitatively and
objectively, the ability of students o do code reviens
can be measured more preciely By this meaning,
ame bomn testers could be discovered " who are pres-
ently lacking in most countries
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