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Abstract:Overthecourseofthepast15 yearstherehasbeenanincreasingtrendtowardstheprovisionofservicebasedfunctionality

byInformationSystems(IS).Thishasbeenduetoanumberofdrivingforces, howeverthemainimpetusofthistendencyhasbeenthe

developmentandimplementationofWebServicestechnology.WebServicesofferasolutiontodeliveradynamic, task-drivencomputing

environmentandsharedbusinessprocesses, whilealsoreducingcosts.WebServiceshaveoverturnedmanytraditionalassumptionsa-

boutInformationSystems.TheyhaveenabledinnovationandaffordedadegreeofflexibilitynotavailablepreviouslyfromanInformation

System.ThispaperwillgiveabriefoverviewofWebServicesandcorrespondingtechnologies.Itwillthenexaminetherequiredskills

ofgraduatesandidentifytheroleswheretheseproficiencieswillberequired.Finally, itwillproposethattheflexibilityaffordedbythe

useofWebServicesmustbeemulatedintheteachingofWebServices.
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1　Introduction

WEBServicesareasetofinnovativeandcontinu-

allyemergingtechnologieswhichhavesignificantlyex-
pandedtheroleofautomatedcommunicationanddata
sharingbetweensoftwareapplicationsonremotecom-
puters.WebServicesachievesthisbyintegratingasys-
temofdistributedcomputingwiththeexistinginfra-

structureoftheinternet
[ 1]
.

Forthepurposesofthispaper, WebServicesare
describedwithinthecontextofaServiceOrientatedAr-
chitecture( SOA) , whereWebServicestechnologies
areutilised.SOAisaconceptualstyleofachievinga
`looselycoupled' orflexibleInformationSystemarchi-

tecture.Itinvolvesmergingaserviceprovideranda
serviceconsumertoachieveanend-goal.SOAreorgan-
isesInformationSystemsasindependentandreusable
servicesthatcancreateaflexibleISenvironmentbyof-
feringtheseservicesovertheInternet

[ 2]
.

WebServicesarenowaubiquitoustechnologyand
thereforethetechnologyiscurrentlyspanningacrossall
sectionsofindustry.MajorvendorssuchasMicrosoft,
SunMicrosystems, IBM, HPandIBMareallpromo-
tingWebServicesbydevelopingtechnologiesandalso
byincorporatingsupportforexistingWebServicestech-

nologiesintotheircurrentplatforms.IndeedWebServ-
icesaresowidelyavailablethatorganisationsarecur-

rentlyusingthemwithoutactuallyrealisingit, “Web
servicesthatareexternallyavailableareincreasingly
commonandattractive, andenterpriseswillexplore
them, almostwithoutknowingit, atagloballevel.By
year-end2007, 25percentoftheGlobal2000 willem-
ployanexternalWebserviceinastrategicapplica-
tion”

[ 3]
.

TosuccessfullyimplementanSOAutilisingWeb
Servicesrequiresanumberofdifferentskillsandprofi-
ciencies.Educationalinstitutionshavealwaysbeenre-
quiredtoprovidestudentswithmarketableskills, how-
everasWebServicesandSOAcontinuetoprogress,
employmentpatternshavechanged

[ 4]
.WithinWeb

Services, thereisoverlapofskillsrequiredandno
clearlydeterminableorcompletesegregationofduties.
Thisdevelopmenthascreatedanopportunityfortheed-
ucationalsectortoprovidegraduateswithavariedskill-
setrequiredfortheseroles.Italsooffersanopportunity
forstudentstofulfiltheserolesrequiredbyindustry.

Section2 ofthispapergivesanoverviewofWeb
Servicestechnologiesandcurrentdevelopmentsinthe
area.Section3 describestheskillsandrolesrequired
toimplementandutiliseWebServices.Section4ofthe
paperproposesanapproachtoteachingWebServices
in-orderforstudentstoattaintherequiredskill-setto
fulfilWebServicesroles.Section5 presentsconclu-
sions.
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2　WEBServices

2.1　Technologyoverview
TheWorldWideWebConsortium (W3C) isa

groupingoforganizationswhichdefinesWebServices
standards.EncompassedwithintheW3C, theWeb
ServicesArchitectureWorkingGroupdefinesaWeb
Serviceas“…asoftwaresystemdesignedtosupportin-
teroperablemachine-to-machineinteractionoveranet-
work...systemsinteractwiththeWebServiceina
mannerprescribedbyitsdescriptionusingSOAP-mes-
sages, typicallyconveyedusingHTTPwithanXMLse-
rializationinconjunctionwithotherWeb-relatedstand-
ards.”

[ 5]
.

OneofthemostdistinguishingfeaturesofWeb
Servicesisthattheyallowprogramsratherthanhumans
toexchangeinformationandcommandsintheformof
eXtensibleMarkupLanguage(XML) messages.Web
Servicesallowpeopletodothingsdifferentlyanditis
withinthiscontextthatWebServiceshavebecomeim-
portantaswellascontinuingtobeakeytechnologyfor
thefuture.Itisimportanttorecognisethattheuseof
informationsystemsalonedoesnotderivebenefits,
benefitsflowfromhowinformationsystemsareactually
utilisedtobenefitanorganisation

[ 7]
.

TofullyunderstandthebenefitsofferedbyWeb
Services, itisbeneficialtoexaminetheunderlyingpro-
tocolsandstandardswhichWebServicesrelyonto
communicate.Thesearetypicallysetandmaintained
byindependent, not-for-profitorganisationscomposed
ofadiversemembership

Theunderlyingprotocolsandstandardsare①eX-
tensibleMarkupLanguage, ② WebServicesDescrip-
tionLanguage, ③SimpleObjectAccessProtocoland
④ UniversalDescription, DiscoveryandIntegration.

( 1) eXtensibleMark-upLanguage:WebServices
cancommunicatebecausetheyallspeakthesamelan-
guage, calledeXtensibleMark-upLanguage(XML).
XMLprovidesastandardwaytodescribeinformation
sentbetweentwoseparatesystems

[ 8-9]
.

( 2) WebServicesDescriptionLanguage:WSDL
isanXMLdocumentthatdefinesboththeinputsand
outputsofaWebService, describeswhatfunctionality
aWebServiceoffersandactsasaninterfaceforother
applications

[ 5, 10]
.

( 3) SimpleObjectAccessProtocol:SOAPisan
XMLbasedprotocolanditoffersasimpleandlight-
weightmechanismforcreatingstructureddatapackages
tobesentbetweennetworkapplications

[ 10-11]
.

( 4 ) UniversalDescription, DiscoveryandInte-
gration:TheUDDIspecificationcreatesacommon
placeforstoringandaccessinginformationlikewhat
servicesareavailable, whattheirinterfaceslooklike
andwheretheycanbefound

[ 12]
.

Figure1showsagraphicalrepresentationofatypi-
calWebServicesdeployment.Itshowstheinteraction
betweenclient, server, interfacesandadirectory.All
oftheseinteractionsrequireprotocolsorrulestoexist.
WebServicesnowincorporatesmuchmorethatthebas-
icsetupasdisplayedinFigure1.Termslike`Web
2.0' and`Mashups' canbeincorporatedintothedo-
mainofWebServicestechnologiesandparadigms.
Web2.0 referstoaperceptionofanext-generation
utilisationoftheWebasaplatformbydevelopersand
end-usersandnotachangeinthetechnicalspecifica-
tionoftheWorldWideWeb

[ 13]
.Afurtherdevelopment

oftheWeb2.0 conceptistheideaofmashups, which
isthedevelopmentofanapplicationorservicebycom-
biningtwoormoredistinctWebServicesintoahybrid
application

[ 14]
.Oneofthemostwellknownmashups

Fig.1　WebServicesSetup, Adapted[ 6]
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canbeobservedwhenaccessingGoogleMapswhere
`layers' ofdatafromseparatesourcesaredisplayed
withinthemappingofanarea, asrequestedbytheus-
er
[ 15]
.

2.2　RolesandSkills
ThesuccessfulimplementationofanSOAutilising

WebServicestechnologiesrequiresemployeeswitha
diverseskill-settoundertakevariouspositions.Thela-
bellingofthetechnologyas`WebServices' offersa
flaweddescriptionofwhatexactlyWebServicestech-
nologyinvolves.Despitehavingtheterm`Web' , the
technologydoesnotimplicitlyrequireanywebpagesto
bedesignedordisplayed

[ 16]
, howevermostcommon

userWebServicesentailinformationtobeaccessedor
displayedontheWeb, thesearereferredtoas̀ Con-
sumerMashups'

[ 14, 17]
.`EnterpriseMashups' are

generatedata`back-end' levelfocusingonfunction-
alityanddatapresentation, provinganorganisation
withanend-productsuitableforitsbusinessrequire-
ments

[ 14, 18]
.

WhilepositionssuchasWebServicesArchitect,
WebServicesDeveloperandWebServicesSystem
Managementareidentifiable

[ 19]
, theskillsrequiredfor

thesepositionsareincreasinglyoverlapping.Theevolu-
tionfromatraditionalstructuredbased̀ job' toamore
innovative, unstructured`role' hasbeenmorepreva-
lentwiththeincreaseduseofWebServicesandSOA.

ThenatureandflexibilityofWebServicesexpands
theeffectofboundaryshiftingandacertainamountof
distortionofemployeeroles

[ 20]
.Thereforeitiseven

moreessentialtoclearlyidentifythesetofskillsthat
arerequiredtodevise, createandmanageanSOA
whichutilisesWebServicestechnologies.

Table1displaysthepositionsofWebServicesAr-
chitect, WebServicesDeveloperandWebServices

SystemsManagementandthecorrespondingrolesre-
quiredforeachposition.Italsolistsskillsthatarere-
latedtotwospecificdevelopmentenvironments, name-
lyIBM'sWebSphereandMicrosoft's.Netplatform.It
canbeinferredfromTable1thattheskillsrequiredfor
eachroleidentifiedcananddooverlap.Thecoretech-
nologiesofXML, SOAP, WSDLandUDDIareeasily
identifiableasrequiredacrossallposition.Otherskills
suchasASP.NetJ2EEandrelatedtechnologiesareal-
sorequiredacrosstwooftheidentifiedpositions.For
skillssuchasUML, OOProgrammingandWS-Securi-
ty, thesearerequiredonlyinalimitedcontextforthe
positionsidentified.

Table1islimitedtorolesandskillsfortwodevel-
opmentenvironments, manyotherdevelopmentplat-
formsexistwhichrequiredifferingtechnologiessuchas
BEAWebLogicandNovell'sexteNd5.Thisisnotan
extensivelistofthevarioustechnologiesandskillsthat
areavailableforeachofthetwostateddevelopmenten-
vironments.Theskillslistcanbeexpandedfurtherto
includecontinuinglydevelopingtechnologiesrelatingto
businessprocessesandmanagement.Thishasanaffect
ontheskill-setrequiredforeachroleorpositionin-
volvedinWebServicesdesign, implementationor
management.Researchhasstatedthat“By2015,

morethan60% ofjobswillbeuniquetoacompany.
Thatis, fluid, customised and withoutcompari-
son.”

[ 20]
, andthisstatementisreflectedbytheprolif-

erationofrequiredskill-setforWebServices.
WebServicesasatechnologyisdriving̀ bounda-

ry-spanning' rolesintheemploymentmarket.Akey
findingbyaGartnerResearchreportsuggeststhat
“Boundary-spanningroleswillbecomepivotal… the
rolesthemselvesdefytraditionaljobassumptionsand
demandnewapproaches”

[ 20]
.Thereareanumberof

Tab.1　WebServicesRolesandSkills, Adapted[ 19]

WSArchitect WSDeveloper WSSystemsManagement

Roles

ArchitectureDesign
EnvironmentSelection

ApplicationServerDesign
SecurityDesign

OOAnalysisandDesign

OOProgramming
JavaDevelopment

WebApplicationDevelopment
EnterpriseApplicationDevelopment

ApplicationServerAdministration
WebServicesAdministration

ApplicationSecurity
PackagingandDeployment

Skills

UML
WebServlets/JSP

ASP.netpages
J2EE/EJB

.netManagedComponents
JDBC

XML
SOAP

WSDL

WebServlets/ JSP
ASP.netpages

J2EE/ EJB
.netManagedComponents

ADO.net
SOAP

XML
UDDI

WSDL

WebSphere
.net

WS-Security
WSDL

UDDI
XML

SOAP
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implicationsfortheEducationSectorarisingfromthis,
notablytherequirementtoprovidegraduateswiththe
variedskill-setrequiredtofillthese`boundary-span-
ning' rolesandthiswillbediscussedfurtherinSection
4.
2.3　EducationRequirements

Oneofaneducator' sprimaryresponsibilitiesis
toteachstudentsprincipalsthatwilloutlastanyspecif-
ictechnologyandthisprincipalmustbeincorporated
intotheteachingofWebServices

[ 21]
.Thismustbe

balancedhowever, againsttherequirementtodevelop
graduateswithmarketableskill-settofillboundary
spanningrolesintheareaofWebServicesandthisis
crucialfor3rdlevelinstitutions.

Duetorapidlyemergingstandards, traditional
teachingmethodsarestrugglingtokeepup-to-datewith
developmentswithregardtoWebServices.Oneexam-
plebeingpaperbasedtextbooksbecomingoutdatedal-
mostimmediatelyafterpublication

[ 16]
.Theprolifera-

tionofrolesandskillsinvolvedwithWebServicespro-
videsanotherdifficultyencountered byeducators,
namelythevariouscompetingplatformsavailabletode-
velopWebServices, eachplatformrequiringdifferent
skillsandsupporttoolstoteach

[ 22]
.Oneonthemost

commonissuesfacedbyeducatorsitthatofhowtofit
problemsofsufficientcomplexityintoasinglecollege
educationalprogramin-ordertoprovideindustrywith
desirablegraduates.Table1 displaystheskillsre-
quiredfortwodevelopmentenvironments, thisillus-
tratestheextensivechoiceandthereforecomplexitya-
vailableinrelationtoWebServices.Finally, thereare
anumberofimplicationsforEducationalinstitutionsre-
gardingtheshiftfromatraditional̀job' basedposition
toà role' basedposition, asdiscussedinSection3of
thispaper.

WeproposetheWebServicesNextGeneration
Workforce(WS-NGW) whichwillrequiregraduates
withavariedskill-setandrealworldexperiencewitha
highdegreeofcomplexityinvolved.Wecontendthata
hybridofonlineteachingmethodsandrealworldpro-
jectteamscanprovidegraduateswiththerequired
skill-set, knowledgeandexperiencetosatisfythere-
quirementsoftheWS-NGW.

Figure2 graphicallyrepresentshowskillsand
roles, realworldexperienceandadegreeofcomplexity
areallcontributingfactorstotheWS-NGW.Bycombi-
ningonlineteachingandrealworldprojectteams, edu-
catorscanofferstudentsthestructuretoachieveallof
theserequirements.

Fig.2　ComponentsofWebServicesNext
GenerationWorkforce

Aprojectteamenvironmentwilladdresstheissues
inrelationtoskillsandrolesas`boundary-spanning'
roleswillnaturallyevolveinateamenvironment.The
experienceofselectingadevelopmentenvironmentis
beneficialinitself, howeverthisselectionwillalsoad-
dressanotherissueasitwillautomaticallylimitthe
skillsrequiredtothatspecificdevelopmentenviron-
ment.Afterselectionofthedevelopmentenvironment,
anonlinecourseintherequiredtechnologiescanbe
utilisedbystudentstolearntherequiredskillsforthat
environment.

Realworldexperiencecanbegainedbyhavinga
reallifepurposefortheprojectteam.Anexampleof
thisistheMicrosoftandBTsponsoredImagineCup
competition, whichhasbeendescribed as “ The
World'sPremierStudentTechnologyCompetition”

[ 23]
.

Inthiscompetition, projectteamsareinvitedtocom-
peteagainstotherdevelopmentteamsfromuniversities
aroundtheworld.

Inthe2007 competition, RedDawn, ateamof
studentsfromtheDITSchoolofComputingcamesec-
ondintheircategoryintheImagineCup(from160

teamsworldwide) bydevelopingamashupthatfacilita-
tedgeographicallyseparatedstudentteamstocollabo-
rateonsoftwareprojects.Theirapplicationconsistedof
onlineIDE, projectmanagementsystem, sourcecode
repository, instantmessagingandonlinehelpsub-sys-
tems.Inadditiontoprovidingeachofthesesub-sys-
temsasWebServices, theapplicationusedWebServ-

icesfrom Facebook, Google, MicrosoftandYahoo.
TheapplicationwasbuiltontheMicrosoft.Netframe-

work.RedDawnteam memberMohammedAl-Thas
stated“thiscompetitionofferedustheopportunityto
developacompleteapplicationfromanalysisandde-
signtoimplementationwiththeaddedadvantageof
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havingarealworldenvironment, thisexperiencesim-
plywouldnothavebeenpossibletoreplicateina
classroomenvironment”.

Thisalsooffersalevelofcomplexitynotavailable
intraditionalteachingmethods.Ateamassembledwith
atangiblegoalsetwillfacecomplexitiessuchasthe
proliferationofWebServicesstandardsandrequiringa
variedskill-set.Boundary-spanningrolesandaproject
team`dynamic' willalsobeencounteredbyaproject
team.Thiscompetitiongivesstudentsatangiblegoal
andthisthenreflectstherealworldnatureofthepro-
ject.

3　Conclusion

WebServicesinconsumertermsorinbusiness
termsaffordstheabilitytobeflexibleanddynamic.
Thisbenefitisoneofthereasonswhythetechnology
hasevolvedsoquicklyandhasbeendevelopedand
supportedbythemajorinformationtechnologyvendors.
However, weconcludethattheflexibilityofferedbythe
technologymustalsobeemulatedintheteachingofthe
technologytostudentincomputingdisciplines.

Fromtheevolutionofunstructuredrolestodevelo-
pingtechnologiestheWebServicesdomainisdynam-
ic, fluidandconstantlychanging.Wefurtherconclude
thatfor3rdlevelinstitutionstoprovidesuitablegradu-
atestothisexpandingdisciplinetheymustalsobedy-
namicintheirapproachtoteaching.

Traditionalteachingmodelsarestaticandassuch
cannotprovidestudentswiththerequiredskill-set,
complexityorrealworldexperiencerequiredtosuc-
cessfullyfulfiltheWS-NGW.Weconcludethatthe
proposedhybridofarealworldprojectteamandonline
teachingtoolsofferstheabilitytodevelopgraduates
withthisrequiredskill-set.
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