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Abstract:Softwareindustryorientededucationfacesmorechallengesthantraditionalresearchanddisciplineorientededucation.To

meetthesechallenges, theLearningbyDoingteachingpatternplaysanimportantroleinthesoftwareindustryorientededucation.Prac-

ticeandexperienceintheteachingofMasterofSoftwareEngineering(MSE) studentsintheSoftwareSchoolofSunYat-senUniversity

arepresentedinthepaper.FromourviewpointofMSEeducation, thesuccesscomesfromagoodtrade-offbetweenLearningbyDoing

lecturesandtheoreticallectures.Furthermore, feedbackandcommunicationarecriticalandrequisiteforthesuccessfulapplicationof

LearningbyDoingteachingpattern.
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1　Introduction

Establishedin2001 asoneofthefirst35 demon-
strativesoftwareschoolsapprovedbytheNationalMin-
istryofEducation, theSoftwareSchoolofSunYat-sen
Universityhaseducatedmorethan1, 000 Masterof
SoftwareEngineering(MSE) students, includingabout
300 part-timeMSEstudents.Aftergraduation, these
studentshaveastrongrecordofattainingemployment
andincomelevelswellaboveaverage.In2006, ateam
ofMSEstudentsfromtheSoftwareSchoolofSunYat-
senUniversitywonthetopwinnerofthe2006 “IBM
Cup” ofChineseHigherEducationSOAApplication
Contest.Inthishalf-year-longcontestconcerningthe
newtheory, technologyandtoolsforService-Oriented
Architecture(SOA) applications, theydefeatedabout
400 competitorsincludingteamsofundergraduate,
postgraduateandevenPh.Dcandidatestudentsfrom
bothComputerScienceandSoftwareEngineering.

Thesuccessandachievementsofthestudentsare
thenaturalevolutionofneweducationpatternsapplied
intheSoftwareSchool, asoftwareindustryorienteded-
ucationthateducatesstudentsforapplication, engi-
neeringandmulti-orientations.Tomeetthenewchal-
lengesofsoftwareindustryorientededucation, the
LearningbyDoingteachingpatternadvocatedbyRoger
C.Schank

[ 1, 2]
playsanimportantroleintheeducation

practiceintheSoftwareSchoolofSunYat-senUniversi-
ty.

Inthispaper, thepracticeandexperienceofthe
teachingofMSEstudentsintheSoftwareSchoolofSun
Yat-senUniversityarepresented.Therestofthepaper
isorganizedasfollows.Section2discussesthechallen-
gesandopportunitiesforsoftwareindustryorientededu-
cation.Section3 and4 introducetheMSEteaching
practiceintheSoftwareSchoolofSunYat-senUniversi-
tyandpresenttheexperienceswehavelearned.Finally
Section5 concludesthepaperandoutlinesdirections
forfuturework.

2　ChallengesandOpportunitiesfor
SoftwareIndustryOrientedEdu-
cation
Softwareindustryorientededucationfacesmore

challengesthantraditionalresearchanddisciplineori-
entededucation.Sincethereareonlyfiveyearsofex-
periencesofdemonstrativesoftwareschoolinChina,
theresearchofteachingforapplication, engineering
andmulti-orientationsisstillimmature.Thesechallen-
gescomefromstudents, instructorsandtutors, andthe
softwareindustry.Butthechallengesarealsoaccompa-
niedwithmanyopportunities.
2.1　ChallengesfromStudents

Asayoungdiscipline, therecruitedstudentsof
softwareschoolarenotquiteaswellasstudentsmajo-
ringcomputerscienceandengineering, bothattheun-
dergraduatelevelandthepostgraduate(MSE) level.

ForMSEstudents, theycomefromdifferentun-
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dergraduatebackground.Morethan35%MSEstudents
intheSoftwareSchoolofSunYat-senUniversityma-
joredinabachelordegreeoutofcomputerscienceand
engineeringdiscipline.Manyofthemlackofasystem-
aticandsubstantialtrainingasacomputerscientistora
softwareengineer.

Butusuallythesestudentsaremorediligentand
assiduousduetothepoordisciplinebackgroundsand
aspirationforexpectativecareerlives.Thevariousdis-
ciplinebackgroundsalsomakeiteasytobeeducated
formulti-orientations.Forexample, thetopwinner
teamintheSOAApplicationContestconsistsoffive
students, threeofthem havestrongbackgroundsof
computerscienceandengineering, whiletheothertwo
ofthemcomesfromElectricalEngineeringandManage-
mentEngineeringbackground.
2.2　ChallengesfromInstructorsandTutors

TheteachersofSoftwareSchoolcomefromboth
academicandsoftwareindustrybackground.Thiswill
leadtheadvantageovertraditionalacademiceducation
ofcomputerscienceandengineering.Butateacher
withanacademicbackgroundisusuallyacquaintance
withtraditionalresearchorientedteaching.Heisgood
atthetrainingforacademicresearchandtheoretical
foundations.Buthemaybestrangetoengineeringand
applicationeducationduetothelackofpracticalengi-
neeringexperience.

Ontheotherhand, aninstructorortutorwitha
softwareindustrybackgroundisaccomplishedinengi-
neeringandapplications.Butsometimeshemaynotbe
equippedwithsufficientteachingskillsandsystematic
knowledgebody.

Mucheffortshouldbeputintothecommunication
andintercoursebetweentheinstructorsandtutorsfrom
differentbackground, soastomakethesetwocomple-
mentalteachingresourcesbenefitfromeachother.
2.3　ChallengesfromSoftwareIndustry

Thesoftwareindustryisanindustrywithflexible
andvolatiletheories, methodologies, technologiesand
tools.Studentsarerequiredtomastertheuptodate
softwaretoolsanddevelopmentenvironmentstosolve
realworldproblems.Meanwhile, theyhavetoaccumu-
latetheoreticalfoundationstohaveacomprehensiveun-
derstandingofthetheories, principlesandpatternsbe-
hindthosetoolsanddevelopmentenvironments.

Furthermore, multi-orientationsgraduatedstudents
majoringinsoftwareengineeringalongwithdifferent
backgrounds, suchasenterprisemanagement, financial
management, electricalengineeringandappliedmathe-
matics, etc., haveagoodreputationinthehumanre-
sourcemarket.

Softwareindustryorientededucationhastokeep

thebalancebetweentheoreticalfoundationsandengi-
neeringapplications.Thisisoneofthemajordiffer-
encesbetweensoftwareschoolandcareerorvocational

education.

3　PracticeintheSoftwareSchoolof
SunYat-senUniversity
TheSoftwareSchoolofSunYat-senUniversity

aimstoeducatehighlevelsoftwareengineeringhuman
resourcesforthesocialandeconomicdevelopmentof
thePan-PearlRiverDeltaregion.
3.1　Motivation

ToeducateMSEstudentsforapplication, engi-
neeringandmulti-orientations, eachstudentoftheSoft-
wareSchoolofSunYat-senUniversitywillcultivate3

accomplishments, 4 levelsand6 abilities.
( 1 ) ThethreeaccomplishmentsareInnovation,

Collaboration(TeamPlayer) andProfessionalDedica-
tion.Theseaccomplishmentsareconsideredasthebas-
icelementsforasuccessfulsoftwareengineeringprofes-
sional.

( 2) TheFourLevelsindicatevariousknowledge
andskillsmasteredbyMSEstudents, includingSenior

Programmer, SystemAnalyserandDesigner, ITProject
Manager, andITEnterpriseStrategyDecisionMaker.

( 3) TheSixAbilitiescovertheabilitytoproblem
analysisandsolving, theabilitytocommunicationand
collaboration, theabilitytoinitiativeknowledgeac-
quirement, theabilitytoeffectiveprojectmanagement,
theabilitytopracticalengineering, andtheabilityto
internationalcompetition.
3.2　CurriculumDesign

Therearetwoyearsofeducationforfull-timeMSE

students.Inthefirstyear, studentsconcentrateonin-
tensivecoursestudy.Inthesecondyear, theydedicate
topracticeinthesoftwareindustryandwritingmaster
thesis.Theeducationforpart-timeMSEstudentswill
lastforthreeyears.

TherequiredsubjectsforMSEstudentscoverthe
fundamentalengineeringandmanagementtheories,
technologiesandskills, including:TheoreticalFounda-

tionsofPrograms, Object-OrientedTechnologyand
Method, System AnalysisandDesign, Distributed
Computing, SoftwareArchitecture, andSoftwarePro-
jectManagement.

Studentsarealsorequiredtostudysomeofthefol-
lowingelectivesubjects:CMM inPractice, Modern
NetworkProtocolsandProgramming, AdvancedCom-
municationTechnology, DataWarehouseandData
Mining, InformationSecurity, EmbeddedSystemsand

Applications, ComputerAnimationandGameProgram-

157



中山大学学报 (自然科学版 ) 第 46卷　

ming, InformationEngineeringSupervision, andLec-
turesonInnovativeSoftwareTechnologies.

Differedfrom traditionallectureandtestbased
teaching, mostoftheMSEcoursesincorporatethe
LearningbyDoingteachingpattern.Buttobalancethe
theoreticalfoundationsandpracticalengineeringappli-
cations, agoodtrade-offmustbedonefordifferent
courses.Thefollowingsectionspresenttwotypical
coursesinthepracticeofMSEteachingintheSoftware
SchoolofSunYat-senUniversity.
3.3　Object-OrientedTechnologyandMethod

Object-orientationisthepredominanttechnology
andmethodologyforcontemporarysoftwaredevelop-
ment.BasedontheJavaplatform, thecourseObject-
OrientedTechnologyandMethodintroducesthefunda-
mentalconceptsanddifferentaspectsofthetheory,
methodology, technologyandtoolsofobject-oriented
development.

Thecourseisdividedintothreeparts.Thefirst
partintroducesbasicconceptsofobject-orientedpro-
gramminganddesign, includingtypesystem, struc-
turedcontrolstructures, objectsandclasses, encapsu-
lationandinformationhiding, dataabstraction, inherit-
ance, polymorphism (includingoverloading, generics
andruntimepolymorphism) , innerclassandpackage,
assertionandexceptionhandling, andobjectcontain-
ers.

Thesecondpartfocusesonpracticalapplication
relatedsubjects, suchasinputandoutputstreams, ob-
jectpersistenceandO/Rmapping, GraphicalUserIn-
terface(GUI) andevent-drivenprogramming, multi-
threadingwithdifferentthreadmodels, andnetworking
overvariousprotocols.

Whilesomedesignpatternsemergeinthesecond
part( Forexample, theDecoratorpatterninI/O
streams, theIteratorpatterninthecollectionframe-
work, theCompositeandObserverpatternsinAWT/
Swing), thethirdpartpresentobject-orienteddesign
principlesanddesignpatternsindetail.Forfull-time
students, someinnovativetechnologiesarealsoappen-
dedinthecourse, suchasAspect-OrientedProgram-
ming(AOP) , ApplicationFramework, orObject-Ori-
entedRefactoring.

AccordingtotheLearningbyDoingparadigm,
fourorfiveminiprojectsaredesignedstep-by-stepto
facilitatethedigestoflectureknowledgeandtopromote
thepracticalability.Forexample,

( 1) Asimplepersonalincometaxcalculationpro-
jectisconductedtodemonstratethedifferencebetween
traditionalstructuredprogrammingandobject-oriented
programming.Studentswillalsolearnthefollowing
knowledgeandskillsbydoing:codingconventions(in-

cludingthedocumentationstyleannotation, properna-
mingofidentifiers, indentionofsourcecodes, etc.) ,
dataabstraction, encapsulationandinformationhiding,
andsimplebusinessmodelingbasedonUML.

( 2 ) Anagendaserviceprogramwithcharacter-
basedcommandlineuserinterfaceisusedtoillustrate
theseparationofthepresentationtierandthebusiness
logictier, theabstractionofobjectclasses, theapplica-
tionofSingleChoicePrincipletoachieverepresentation
independenceusingpolymorphism, thedeploymentof
theAbstractFactorypatterntomanagefuturechanges,
andtheusageofexceptionmechanismtohandleexcep-
tionalconditions.

( 3) Anon-linetestingsystembasedonanitemli-
braryalongwithGUIandRationalDatabase(RDB)
emphasisonevent-drivenprogramming, objectpersist-
enceandobject-relationmapping(O/Rmapping) , the
conceptofprogramminginthelarge, andthe3-tieror
n-tierdesignofsoftwarearchitecture.

( 4) Casestudyonarealworldopensourceob-
ject-orientedproject, suchasJHotDraworvariousSu-
dokugameprograms.Studentsarerequiredtoinspect
thedocumentsandsourcecodesoftheprojects, and
thenproposeprosandconsofthedesignandcoding
conventionoftheseprojects.

( 5) Refactoringanobject-orientedprogram(such
asvariousopensourceSudokugameprograms) based
onanobject-orientedrefactoringapproachorevenon
anaspect-orientedrefactoringapproach.

Duringthelab-time, inter-studentcommunication
isencouragedthoroughlyinthesamelaboratory.Com-
municationbetweentheinstructorandstudentswillbe
compensatedwiththehelpoftheInternet(website,
blog, emailandBBS).Adiscussionlecture-timewill
bearrangedforeachproject, inwhichtheinstructor
andstudentswillproposeanddiscussdifferentsoftware
qualityfactorsofseveraltypicalexperimentalreports.

Sincethissubjectisthefundamentalcoursefor
MSEstudentswithweakdisciplinebackgroundofcom-
puterscienceandengineering, morelecture-timehas
beenarrangedtoteachtheoreticalfoundations.Thera-
tiooflab-timeandlecture-timeisabout1:4.Students
mustspendalotoftimeontheprojectsafterschool.
3.4　DistributedComputing

Distributedcomputingplaysanimportantrolein
thesoftwareindustryanddominatestheenterpriseap-
plicationdevelopment.ThesubjectDistributedCompu-
tingintheSoftwareSchoolofSunYat-senUniversity
coversdifferentlevelsofdistributedcomputing, inclu-
dingsocked-basednetworkingwithTCP/UDPandother
Internetprotocols, distributedobjectswithRMIand
CORBA, componentmodelswithJ2EE/EJB, and
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Service-OrientedArchitecture( SOA) basedonWeb
ServicesandGridServices.

Eachlevelofdistributedcomputingisstudiedina
LearningbyDoingparadigm.Aftertheinstructorpres-
entthetheoreticalaspectofthetechnology, students
learnthedetailedknowledgebyconductingaminipro-
ject.Theratiooflab-timeandlecture-timeisabout2:
1.Theinstructorwillspendonelab-timetodiscussthe
designandimplementationoftheprojectinthelabora-
tory, andspendanotherlab-timetopresentanddiscuss
typicalexperimentalreportswithstudents.

( 1) Forsocket-basednetworking, aminiproject
oftheconstructionofanHTTP1.0serverandthede-
signandimplementationofasimpleHTTPclientwill
helpthestudentslearntheTCPprotocolanduseitto
implementtheHTTPprotocol.Differentthreadmodels
arealsodiscussedinthisproject, includingthread-per-
request, thread-per-connection, andthreadpooling.
Analternationoftheprojectistoshiftfromthedesign
andimplementationofaHTTPclientandservertoa
FTPclientandserver.

( 2) Fordistributedobjects, asimplepilotproject
conductedontheJavaRMIplatformwillhelpstudents
accommodatetothedesignoftheinterfacesofdistribu-
tedobjectsandtheimplementationofdistributedob-
jects.Theprojectmaybeanevolutionofaprojectin
theObject-OrientedTechnologyandMethodcourse,
butre-developedinadistributedapproach.

( 3) AfurtherprojectwillbedoneontheCORBA
platformtodemonstratetheindependenceofprogram-
minglanguagesbasedontheinterfacesofdistributed
objectsdefinedbytheOMGInterfaceDefinitionLan-
guage(IDL) , thedesignofQoSpoliciesofPortable
ObjectAdapter(POA) tomanageobjectsontheserver
side, theapplicationofDynamicInvocationInterface
(DII) tosendarequestdynamicallyfromtheclient
side

[ 3]
.

( 4) Inthefourthproject, studentsareaskedto
implementaspecialtypeofresourcepooling, i.e.in-
stancepooling, andevaluatetheperformanceoftheim-
plementedpoolingmechanism inanempiricalap-
proach.Fromthisproject, studentsnotonlylearnhow
todesignandimplementaresourcepoolingmecha-
nism, butalsostudyhowtoconductanempiricalex-
perimentandcollectandanalyseexperimentaldata.

( 5 ) Forlearningdistributedcomponentmodels,
studentsareaskedtore-designandimplementthesec-
ondprojectbasedonJ2EE/EJBplatform.Inthispro-
ject, studentscanexperiencethedifferencebetween
distributedobjectsandcomponentmodels, andmaster
thecommonservicesprovidedbythecomponentcon-
tainer.

( 6) CasestudyonanexistingSOAsolution, from
whichstudentscandiscusstheproblemsandsolutions
inEnterpriseApplicationIntegration (EAI) ande-

commerce/e-governmentapplications.
Sincethecondensedlecture-timeconcentrateon

thetheoreticalaspectsandthemostimportanttechnolo-
gy, studentshavetolearnrelateddetailsbythem-
selves.Forexample, theinstructoronlypresentthe
conceptofQualityofService(QoS), andtheprinci-
plesandarchitecturesofPOA, concerningnodetailson
theprogrammingofPOA.Meta-Learning(LearnHow
toLearn)

[ 4]
isanimportanceaccompanistofLearning

byDoing.TopromoteMeta-Learning, theinstructor
should provide sufficienthints and materials to
students.

4 　 ExperiencesLearned from the
TeachingofMSEStudents

InthefiveyearsofteachingofMSEstudentsin
theSoftwareSchoolofSunYat-senUniversity, some
experienceshavebeenlearnedfrom thepracticeof
LearningbeDoinginsoftwareindustryorientededuca-
tion.

4.1　Lecture-Timevs.Lab-Time
Facingthechallengesfromthesoftwareindustry,

softwareindustryorientededucationshouldkeepthe
balancebetweentheoreticalfoundationsandengineering
applications.Thisisabalancebetweensomethingsta-
bleandsomethingvolatile.Fromourexperiences, the
successcomesfromagoodtrade-offbetweenlecture-
timeandlab-timeindifferentsubjects.

Forexample, asthe firstsubjectforMSE

students, Object-OrientedTechnologyandMethodis
speciallyimportantbutdifficultforthosestudentswith-
outundergraduatebackgroundofcomputerscienceand
engineering.Thusthelecture-timeshouldbescheduled
morethenthelab-timeconsideringstudents' weakMe-
ta-Learningability.

WhentheDistributedComputingcourseisar-
rangedinthenextsemester, studentshavestrongfoun-
dationstoconductMeta-Learning.Itispossibleforthe
lab-timetobescheduledmuchlongerthanthelecture-

time.
4.2　ProjectDesign

Elaboratelydesignedprojectsarecriticaltotheap-
plicationoftheLearningbyDoingteachingpattern.In-
structorsshouldputmoreeffortintothedesignofpro-
jectsthanthepreparationoflecturenotes.

Eachstageorstepoftheprojectmustbeclearand
detailedenoughforstudentstoperformthepractice.If

itispossible, milestonesshouldbesetfortheassess-
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mentofeachstageorstep.
IntheLearningbyDoingpatternforsoftwarein-

dustryorientededucation, doingismuchmorethan
programming.Forelaboratedprojects, theapproachof
LearningbyDoingmaycoverthepracticeofanalysis
anddesign, testing, empiricalexperiment, project
management, documentation, discussion andargu-
ment, presentationandcommunication, etc.
4.3　ChallengesforInstructors

Thelab-timeconductingLearningbyDoinghas
morechallengesthanlecture-timeforinstructors.After
thedesignofanelaboratedproject, theinstructormust
preparecarefullythepossibleproblemsandsolutionsa-
risingduringthepractice.

Duetotheflexibilityandvolatilenessofthepracti-
calprocedure, theinstructorisrequiredtobehighpro-
fessionalandfullaccomplished.
4.4　FeedbackinLearningbyDoing

Oneoftherequisiteeffortforthesuccessfulappli-
cationofLearningbyDoingisthefeedbackofeach
project.Withoutfeedback, studentsmaymissthecriti-
calknowledgewhenlearningbydoing, orevenbelost
inthepracticaltechnologydetails.

Studentsshouldhavetheopportunitytogetthe
feedbackfromboththeinstructorsandtheirclassmates.
Duringthepracticehours, studentshavetheopportuni-
tytogetfeedbackfromthediscussionbetweenstudents
andinstructors.Afterthepractice, sometypicalarti-
factsareaskedtobepresentedinthelecture-timeand
discussedandarguedbytheinstructorandother
students.Itisencouragedthattypicalartifactswillbe
putintothecoursewebsite(Forexample,

[ 5]
) withdis-

cussionsandargumentsbytheinstructorandother
students.
4.5　CommunicationinLearningbyDoing

Communicationisanothercriticalfactorofthesuc-
cessoftheapplicationofLearningbyDoing.Fromour
experience, inter-studentcommunicationismoreim-
portantthanthecommunicationbetweentheinstructor
andstudents.Sincethecondensationoflecture-time,
inter-studentcommunication becomesan important
sourceofMeta-Learning.SoftwareSchooladministra-
torsandinstructorsshouldconstructagoodenvironment
forinter-studentcommunication.Forexample, group-
ingstudentsorpairprogrammingwithdifferentfounda-
tionsandskills, arrangementoflaboratoryenvironment
tofacilitateintercourse, andpoliciestoencourageinter-
studentcommunication.

Internetcanbeutilizedtocompensatethelackof
instructor-studentcommunication, includingwebsite,

blog, emailandBBS.Acomprehensiveteachingweb-
site

[ 5]
consistsofcoursenews, syllabusandlecture

notes, abundantlearningmaterials, experimentalre-
quirementsandtools, commentsonartifactsdoneby
students, FrequentlyAskedQuestions(FAQs) , relat-
edstateofthearttechnologies, andusefullinks.

5　Conclusions

Inthispaper, thepracticeandexperienceofthe
teachingofMSEstudentsintheSoftwareSchoolofSun
Yat-senUniversityarepresented.TheLearningbyDo-
ingteachingpatternappliedinthetwotypicalsoftware
engineeringcourseObject-Oriented Technologyand
MethodandDistributedComputingisintroducedinde-
tail.

FromourexperienceoftheapplicationofLearning
byDoing, itisimportantfortheinstructorstodecidea
goodtrade-offandconsequencebetweenlecture-time
andlab-timefordifferentsubjects.Feedbackandcom-
municationalsoplaycriticalrolesinthesuccessfulap-
plicationofLearningbyDoing.Thisnewteachingpara-
digmisarealchallengeforinstructors.

ForfurtherandsustainableapplicationofLearning
byDoingintheMSEeducation, arepositoryofpracti-
calprojectsaretobebuiltbyprofessionalsfromboth
academicandindustrialbackground.Therepository
willconsistofelaboratedprojects, includingclearand
detailedsteps, referenceartifacts, possiblequestions
andsolutions, etc.Itisalsoexpectedthatmultiple
softwareschoolswillcollaboratetodevelopthereposito-
ry.
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