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Abstract:Softwaredevelopmentskillsareonlypartiallytrainedwithtraditionalprogramminglanguagesandsoftwareengineeringcour-
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1　Introduction

UniversitiesofAppliedSciencesplayaspecialrole
intheGermaneducationsystems.Theyhavetoprovide
anindustry-orientededucationincludinginternships
(foronesemester) andassuringtheappropriatenessof
theirmethodsforindustrypurposes.Sotheyconnect
fundamentalresearchwithpracticalmethods.Forthis
reason, professorsarefavouredwhohaveworkedinin-
dustryforseveralyearsbesidestheiracademicprofi-
ciency.

InformationsystemsplayaspecialroleintheGer-
manuniversitydegreessincealmost20 yearsnow.
Theyhavetocombineknowledgefromcomputerscience
withknowledgefrombusinessadministrationandecono-
my.Usingtheirviewofboth“worlds”, theycommuni-
catewiththebusinesspeopleontheirrequirementsfor
softwaresystems, andtheycanmodelandimplement
theserequirementstogetherwithprogrammershavinga
strongbackgroundincomputerscience.

InthecurriculumofinformationsystemsinGerma-
ny, softwareeducationplaysaprominentrole.Butthe
softwareeducationconsistsofprogrammingcoursesand
softwareengineeringaswellasofbusinessinformation
systemsandinformationmanagement.Thus, program-
minglanguagesandgainingexperienceinprogramming
hasonlyaverylimitedroom, whichhastobefilled
wisely.

Traditionalintroductorycomputersciencecourses
oftenstartwithlearningprogrammingprinciplesincon-

junctionwithapopularprogramminglanguage.Often,
thesecoursesareillustratedwithsomeverysimplepro-
gramsexemplifyingmaintopics.Causedbytheintro-
ductionofafirstprogramminglanguage, mostpractical
appointmentsforthestudentsareconcentratingonvery
simplealgorithmsandprogramsaswell.Thesituation
isgettingmoreproblematicbythegrowingprogramming
languagesize(includinginthecountnotthepurenum-
berofreservedwordsoftheprogramminglanguage, but
takingintoaccountthenumberofpredefinedsoftware
functions, andthenumberoflibraries).Thisleadsto
theimpossibilitytoteachalltheseconceptsoftheup-
to-dateprogramminglanguagestothestudents.Bute-
venteachingtheprogramminglanguageswell, doeson-
lyafewhelpwhendealingwithenterprisesoftware,
consistingofmoreadvancedfeatures.Forexample, the
understandingofbasicJavaasaprogramminglan-
guage, isgivingaverylimitedhelpfortheunderstand-
ingofJ2EEconcepts.So, mostprogrammingcourses
withJavatrytocometothepointforatleastincluding
averylimitednumberofJ2EElectures, tohelpthe
studentsgraspsomebasicconceptsforbuildingenter-
prisesoftware.

Lately, thisprinciplehasbeenquestioned
[ 1]

, and
theimportanceofconfrontingthestudentsfromthevery

beginningwithcomplexexampleshasbeenrecognized.
Thisresemblesthetendencyofsoftwareindustryin
buildingupsoftwaresystemsofgrowingcomplexity,
wheretheroleoftheprogrammerliesnotinbuilding
someindependentprogram, butinchanginganden-
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hancingofsoftwaremodules, whicharealreadyinuse.
Anotherwaytodealwiththelackofproficiency

whichcanbegainedinsomeconcreteprogramming
languagesliesintheconcentrationonsoftwareengi-
neeringprinciples, toprovidethestudentswithsome
fundamentalsoftwaredesignstrategies.Thisemphasizes
theimportanceoftheearlystagesforthesuccessof
softwaredevelopment.Inthelastyears, severalimpor-
tantmodellinglanguagesforthepurposeofgraspingthe
requirementsofthesoftwaretobebuilt, havebecome
verypopular. In theUnified ModelingLanguage

(UML)
[ 2]

, usecaseshelptoprovideaconciseand
wellunderstandabledescriptionoftheexpectedsystem
behaviour.Toexactlydepictbusinessprocesses, which
havetobesupportedbytheinformationsystemtobe
built, activitydiagramsarewellsuited.Theycanbe
seamlesslyintegratedintotheprocessofdesigningthe

softwaresystem.WiththeArchitectureforIntegrated
InformationSystems( ARIS)

[ 3]
, thereexistsanother

systematicapproach tobuild informationsystems,
whichisverypopularinGermany.EspeciallyEvent-
drivenProcessChains(EPCs) arewellusedinsoft-
wareindustry, andareprovidingacommonunderstand-
ingofthebusinessprocesses, whichcanbeusedby

businessanalysts(tochangeandoptimizethebusiness
processes) aswellasbysoftwareengineerstodescribe
therequirementsforsoftwaresystemstotakepartinthis
processes.Forseveralstandardsoftwarepackages, the
businessprocesseswhicharethefundamentsofthesoft-
warearedescribedwithEPCs.(Asthemostfamous
example, SAP hasbeencompletelymodelledwith
EPCs.) Thedeepknowledgeofone(orbetterseveral)

ofthosemodellinglanguagesisinevitablefordealing
withindustry-sizesoftwaresystems.

Toreducethecomplexityofthesoftware, several
softwareconstructionprincipleshavebeendeeplyinves-
tigatedinthelastyears.Someofthemhavefoundtheir
waytoindustrialsoftwareproviders, formingthelatest
buzzwordsoftheindustry.Theprinciplesarequitesim-
ple, thoughtheusageoftheindustrialsolutionsispart-

ly( still) verytedious.Designpatterns
[ 4]

, orthe
Model-View-Controller(MVC) architecture

[ 5]
arevery

prominentwaystobuildcomplexsoftwarewithclearre-
sponsibilitiesofthemodules.Otherresearchdisciplines
likeAspect-OrientedProgramming(AOP)

[ 6]
arestill

intheirrisingandwillplayanevenmoreimportantrole
inthefuture.

Fromtheresearchindistributedartificialintelli-
gence, multi-agentsystems

[ 7]
aredeliveringseveralin-

terestingideas, whichcanbeusedtoreducecomplexity

ofsoftwaresystemsinanelegantway.Especiallythe

researchonself-organizingintelligentsystems
[ 8]
can

provideimportantinstrumentstoemergecomplexbe-
haviouroutofverysimpleindividualagentswithdiffer-
entrolesintheoverallsystem.Alreadythemetaphorof
agentshelpsinbuildingcomplexsoftwaresystemsofin-
dividualcomponentswithaverylimitedcomplexity.

Usingthismetaphorisleveragedlatelybythead-
ventofweb-services

[ 9]
andservice-orientedarchitec-

tures
[ 10]

, providinganelegantwayofinteroperationof
programmodules, whichcanbeoriginallydesignedto
workindependently.Thisreducesthecomplexityofthe
program modulesvitally.Infact, interoperabilityof
softwaresystemsandservices, isapromisingwayofre-
ducingtheoverallsystemcomplexityforsoftwaredevel-
opers, allowingthemtoconcentrateonrelativelylimit-
edsoftwaremodules.

Inthefollowingparagraphs, acasestudyonim-
plementingacomplexsystemwiththissimplemetaphor
isdescribed, andsomecarefulresultsofthiscasestudy
aredrawn.

2　TeachingSoftwareDevelopment
forInformationSystems

IntheWestsaxonianUniversitytherearedifferent

studyprogramsforinformationsystems.Inthefaculty

foreconomicsandbusinessadministrationwehavetra-

ditionallytwoprogramsinvolvinginformationssystems.

Inthedirectstudyprogram, informationsystemsarea

choosablemajorfieldofstudy, whichcanbeselected

bystudentsofbusinessadministration, publicadminis-

trationandbusinessandengineering.Inthepostgradu-

atepart-timestudies, wedirectlyprovideadiplomafor

informationsystems, consistingofmorecoursesinthe

areaofcomputing.Inbothcourseprograms, the

studentsaretaughttheprinciplesofprogramminglan-

guageswithanintegratedC++/Javaprogramming

course.

Attheendofthestudyprogram, bothgroupshave

toworkinaprojectincludingprogrammingsomepracti-

calmodules.Thisprojectshouldprovidethestudents

withsomeadditionalskillstheyneedfortheirlaterwork

inindustry.

Resultingfromtheideassketchedintheintroduc-

tionsection, thesettingsforthisprojecthavebeen

choosenasfollowing:

· Thestudentshavetoworkaftertheagent-orien-

tedmetaphorofbuildingindependentsoftwaremodules

runningasindependentprocesses.
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· Interactionoftheagentsisdoneonlyviames-

sagespassedbywebservices, thusrestrictingtheinter-

actiontoservicecallsprovidedbysomeotheragents.

Themainadvantagesofthesesettingsare:

· Theindividualagentscanbedesignedandim-

plementedindependentfromtheothermodules.

· Thestudentscandofarpartsoftheirworkon

anindividualbase, leadingtoindividualexaminingthe

resultsandindividuallyratingthestudentsworks

· Thestudentshavetoconcentrateaswellonthe

descriptionoftheinterfacestheyprovidetotheother

studentsandontheinterfacestheyneedtobeprovided

byothers, leadingtonegotiationsandtowritingcon-

tractsonthebehaviouroftheirmodules.

· Thestudentsevolvetheirnegotiationskills, be-

causealackofnegotiationsleadstosignificantaddi-

tionalworkingloads.

3　TheCaseStudy:Implementingan
eCommerceSystem

ElectronicCommerce( oreCommerce) playsan

importantroletoconductingbusinessin thelast

years
[ 11]
.ThemaintaskofeCommercesystemsisto

leveragecommercialtransactionsviainternetchannels,

especiallyviaWorldWideWeb.ThesuccessofeCom-

mercedependsonthebusinessmodel(includingthe

assortment, thepresentationoftheproducts, thepri-

cing, thedeliveryconditions, andtheservicesprovid-

ed) oftheseller.ThesefactorsmakeeCommercean

interestingdomainforinformationsystemswithahigh

practicalrelevance.

Basically, aneCommercesystemhassomebasic

constituents, providingsomebusinessprocesseswith

relevancetothebusinesssuccess.Thisisanidealset-

tingforthesoftwareprojectwhichhastobeconducted

bythestudents.ThetaskofbuildinganeCommerce

systemwasreducedtothemainpartsoftheeCommerce

system.Eachofthesepartshadtobeprogrammedindi-

vidually.Inbothgroups, thenumberofstudentsin-

volvedwasnearlyidenticalandratherlow( 7 students

inthecaseofthedirectstudyprogramand9 students

inthecaseofthepostgraduatepart-timestudypro-

gram) , soeachstudentcouldworkonhis/herown.

Theassignmentforthestudentsconsistedofsix

parts, eachofthembeingrespectedintheoverallgrad-

ingofthecourse.

a.Thestudentshadtomodeltheprocessesbeing

relevantfortheirindividualtasks(sometimestheyonly

hadtomodelapartialprocess, whichispartofagrea-

terprocess) andtheyhadtocombinetheirpartstoform

someoverallbusinessprocesses, likeacustomerregis-

teringtotheeCommercesystem, buyingsomegoods

andthenbeingdeliveredfromthecompany.

b.Theinteroperationoftheprocesseshadtobe

definedbynegotiationbetweenthestudents.(Someof

thenecessaryinteroperationswereroughlysketchedby

thelecturerstosetastartingpointforthenegotia-

tions.)

c.Fortheirpartofthework, thestudentshaveto

buildtheirownclassesandadatabaseconsistingofthe

relevantdatatheyneedtoperformtheirtaskswell.The

databasesweredeliberatelynotintegratedtoallowfor

morecomplexbusinessprocesseslikesomeindividual

logisticscompaniesdeliveringwaresonbehalfofthere-

tailers.

d.Thestudentshadtodefineandimplementweb

servicesservingastheprogrammedrealizationofthein-

teractionoftheprocesses.Theseserviceshadtobeop-

timizedtorestrictthedataexchangebetweendifferent

individualprograms.Thesewebservicesdefinitionsre-

sulteddirectlyfromthetaskfiguredinpartb.

e.Eachstudenthadtoimplementsomedynamic

webpagestointeractwiththeusersinvolvedinthe

processes.( A designstyleguidewasmadebythe

studentsandagreedcommonly.)

f.TheintegrationoftheoveralleCommercesystem

wasdoneinalaststep, takingintoconsideration, that

theinteroperationofthesystempartswasalreadyde-

finedwellduringtheprevioussteps.

Theprogrammingtaskswereasfollows:

· Assortmentmanagement, includingdefinition

andchangeofproductstobesold, alistviewofseveral

products, andadetailedviewofoneproduct.

· Categorymanagement, consistingofdefinition

andchangeof(hierarchical) catalogcategories, defini-

tionofproducttypes(toclassifyproducts) , managing

thecategoryassignmentoftheproducts, anddelivering

thebrowsingofcategoriestothecustomersoftheeCom-

mercesystem.

· Customermanagement, consistingofdefinition

andchangeofcustomerdata, includingtheloginhan-

dlingoftheeCommercesystem.
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· Priceanddiscountmanagement, consistingof

definingthepricesforproducts, definingcustomer

groupspecificdiscounts, andhandlingspecialofferings

(asmarketingcampaigns).

· Basketandordermanagement, consistingof

creationandmanipulationofbaskets, addingproducts

tobaskets, andchangingthebasketstoorders.

· Logisticsmanagement, includingstocksman-

agement, andsimulatingdeliveryaswellasre-ordering

ofproducts.

· Accountingmanagement, includingoutstanding

receivables, anddefinitionofcustomergroups.

Together, thesemodulesprovidedacompleteeven

thoughsimpleeCommercesystem, whichcouldserveas

aworkingprototype.

4　ResultsandConclusions

Fromthepointofviewofteachingindustry-orien-

tedsoftwaredevelopment, thecasestudyshowedsome

remarkableresults.Especiallytheverysimilarsetting

intwodifferentstudyprogramsexhibitedinteresting

effects.

Inthefirstgroup, thestudentshadlessexperience

withprogramming.Onlyonestudenthaddonemore

thanthebasiccourseprograminprogramming.Inthe

secondgroup, theparttimestudentshadverydifferent

knowledgeaboutprogramming.About1/3
rd
workedin

softwareindustryasprogrammers, andtheother2 /3
rd

hadnosignificantexperiencebeforethestudyprogram.

Themaindifferenceconsistedofthecooperationof

thestudents.Intheparttimeprogram, thecooperation

wasveryloose, eveninthecommonmeetingswiththe

lecturer(whichhadthesameamountoftime) the

studentshadonlyaveryrestrictedcommunication.

Eachstudenttriedtosolvetheirproblemsalone.Inthe

firstgroup, thestudentshadformedamoreintegrated

cooperation, leadingtosignificantcommonsolving

problemswiththeprogrammingenvironmentandwith

theimplementationofthewebservices( whichwas

doneinMSVisualStudio
R
).

Anotherdifferencewasthechoiceofprogramming

languages.Inthefirstgroup, thestudentsagreedonu-

singMicrosoftVisualBasicfortheimplementationofthe

system.Inthesecondgroup, thestudentschoosedif-

ferentprogramminglanguages(VisualBasicandJava) ,

resultingfromtheirprogrammingexperience.Thisre-

sultedinsomeseriousproblemswithincompatibledefi-

nitionsofwebservicesfromMicrosoftandSun, espe-

ciallywithcomplexobjecttypesasargumentsforserv-

icecalls.(Theseshouldbesolvedinthenewestver-

sionsoftheirproducts.)

Despitethecommonalitiesofthetwocasestudies,

theresultswerequitedifferent:

( 1) Thequalityoftheoverallsolutionwashighly

different.Althoughtheprogrammingexperienceand

theprogramminglanguageknowledgeofthefirstgroup

hasbeenlowerthantheexperienceandtheknowledge

ofthesecondgroup, theymanagedtopresentabetter

solutionwhichwasworkingwell.Inthesecondgroup,

onlyonepartwasdoneverywell.(Thiswasthepart

donebyafulltimeJavaprogrammerwhomanagedtodo

hisassignmentverywell.) Overall, thesolutionofthe

secondgrouphadseriousproblemstowork.

( 2) Thecooperationinthefirstteamwasvery

well, leadingtoanincreasedqualityoftheirsolutiono-

verthefirstinitialideasthatwerepresentedtothelec-

turer.Causedbyanintensecommunicationandthe

needofallstudentstogetaccustomedtotheintegrated

developmentenvironment, thestudentshelpedeach

othertoelaboratetheirpackages.

( 3) Duetothemuchbetterquality, theprojectof

thefirstgrouphadbetterresultsfortheindividualparts

aswellasfortheintegrationalaspects.Onlyonepartof

theoverallsystemwashardlyacceptableleadingtoone

lowergrade.Theotherpartswerewelldone.

( 4) Theindividualevaluationofthelessonslearn-

edintheprojectwasveryhighinthefirstteam.They

didaharderwork, buttheyenjoyedwellfinishingthe

taskandwereproudoftheircombinedwork.Noneof

thestudentsdidbelievetheprojecttobesuccessfulin

thebeginning.Buttogethertheymanagedtodevelopa

complexsoftwaresystem.

( 5) Thehighencapsulationoftheproject, resul-

tingindifferentsoftwaresystemswithastronglyre-

strictedinteraction, helpedtogainadvantageoveran

integratedsystem.Eachparticipantcouldworkonhis

ownsolution, buttheyhadtoagreeontheinteropera-

bilityoftheirsoftware.

( 6) Fromtheperspectiveofthelecturer, the

studentsofthefirstgroupgainedsomevaluableskills

fromdoingthisprojectforworkinginsoftwareindustry.

Theylearnedtodosubstantialcommunication, they
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learnedtonegotiateabouttheinterfaceswithothersys-

tem parts, theyconcentratedfirstonthebusiness

processesanddidthecodingworkaftertheprocesses

wereclearlydefined, andtheyindividuallydealtwith

verysimpleproblems, leadingtosimpleimplementa-

tions, whichshowedtheiradvantageinthecombination

intotheoveralleCommercesystem.

( 7) Thelowcommunicationandlowcooperation

ofthesecondteam ledtobadoverallresults.The

studentsdidnotmanagetobuildanoverallworking

system, substantialpartsofthesystemhavenotbeen

finishedintime, thelearningcurvewasverylow, and

alsotheimpressionsofthestudentsabouttheirown

learningintheprojectwerebad.Althoughtheiroverall

knowledgewasmuchhigherthaninthefirstgroup,

theyhadproblemstoleveragethisknowledgetoall

teammembers.Theresultsweresimilartoexperiences

ofthefirstauthorofthispaperfromsoftwareindustry;

thelackofdirectcommunicationinasoftwareproject

leadstosignificantprojectrisks.
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