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ABSTRACT

Successofanywebproductandapplicationreliesuponhowthoughtfullyandwiselytechnologyhas
beenimplementedfordevelopinganddeployingthatproduct–beite-commerceproductore-learning
product.Alongsidepedagogy,applicationofappropriatetechnologyistheimportantdeterminantfor
aneffectiveandengrossinglearningexperienceofanye-contentore-learningsystem.Tounderstand
theproperutilizationofITstrategiesfore-contentdevelopment,thequalitativemethodofresearch
hasbeenusedinthisstudybywhichcontentanalysishasbeendoneontheintervieweddata,gathered
fromtheITprofessionals,withthehelpofAtlas.Tisoftware.Thefindingsofthisstudysuggesthow
webtechnologycanbedeployedfore-contentinthefiveidentifiedstages,namely–programming
language,webapplicationframework,presentation/design,contentcreationandserver-sidetechnology
includingcloudstorage.Forthis,acomprehensivetechnicalguidelinealongframeworkfore-content
developmentanddeploymenthasbeenformulated.
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1. INTRoDUCTIoN

Duetotheemergenceofnewmediaanddigitaldevicesalongwiththeirvalue-addedfascinating
applications,today’seducationandlearningseemstobeexpandingbeyondthewallsoftheclassroom.
Thiseducationalscenario,whichisaresultofcombiningtheeducationalcontentswithinformation
technologies or ICT (Information andCommunication Technology), has comeupwith different
formsofe-contentsande-learningapplications.Online learning,web-based learning,networked
learning, digital learning, technology-based learning, technology enhanced learning, technology
assistedlearning,technologymediatedlearning,ICTenabledlearning,virtuallearningandmobile
learningaresomeof thedifferentnotionsfore-learning.Similarly,multimediabased interactive
tutorial,webbasedlectures,learningobjects,simulationandvirtualrealitybasedlearningsystems,
opencourseware(OCW),openeducationalresources(OER),massiveopenonlinecourses(MOOCs)
aresomeofthemajorexamplesofdifferente-learningapplicationsbasedontheirapproachesfor
e-contentdevelopment.Duetosuchdiversitiesine-learningconcept,comingupwithawell-accepted
singledefinitionofe-learningisaverychallengingtaskwhichisalsoobservedbymanyauthorse.g.
ArkorfulandAbaidoo(2015);OblingerandHawkins(2005);Sangra,Vlachopoulos,andCabrera
(2012).Therefore,insimpletermse-learningcanbedefinedasinstructiondeliveredonadigital
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device(suchasadesktopcomputer, laptopcomputer, tablet,orsmartphone) that is intended to
supportlearning(Clark&Mayer,2016).Basically,allthee-learningapplicationsaremeanttooffer
educationalcontentsthereforetheymaybeconsideredase-content,andboththetermswillbeused,
interchangeably,inthispaper.

e-learningunitestwomainareas,learningandtechnology.Learningisacognitiveprocessfor
achievingknowledge, and technology is anenablerof the learningprocess (Aparicio,Bacao,&
Oliveira,2016).Therefore,technology,besidespedagogy,isalsothebasicprerequisiteandessential
partofallthesee-learningapplicationsbecausewithoutitnoapplicationore-contentcanbecreated.
Theroleoftechnologybecomesmorecriticalwhenitisappliedforshiftingthelearningfromtraditional
didacticorexpositorylearningtoactiveandinteractivelearning(Means,Toyama,Murphy,Bakia,
&Jones,2009).Basically,ine-learningsystems,technologyistheonlyinterfaceorwindowwhich
facilitatesinteractionbetweeninstructor/contentandlearnersthereforeitcanmakeormarthewhole
e-learningexperience.Thus,accordingtoEom,Ashill,Arbaugh,andStapleton(2012),technological
conceptualizationanddeploymentaretwoimportantfactorsforthesuccessofe-learningsystems.
Technologyhasalwaysbeenwithusuntilitisusedrationallyandwisely,andifnotso,anyattempt
todeveloptechnology-basedlearningapplicationmaybecomefutile.

Beforegoingtofurthersections,itwouldbenicetohaveanideaaboutthestructureofthepaper.
Thepaperisstructuredasfollows:havingintroducedthemaintopic,thenextsectionisgoingto
setthebackgroundofstudyi.e.roleandimportanceoftechnologyineducationande-learningby
reviewingtherecentliteraturewhichalsorationalizestheundertakenstudy.Thereafter,methodology
section explains about sample selection, tool preparation, procedure of data collection and data
analysis.Afterthis,resultsandfindingssectioncomesupwiththedescriptionofthethreestages
crucialfore-contentdevelopmentanddeployment:systemarchitecture;webandservertechnologies;
CMS,LMSandstandards.Inthenextsection,guidelinesandtechnicalframeworkareformulated
anddescribedbasedonthefindings.Inthelastsection,papergetsconcludedbystatingthescope,
significance,implication,recommendationandlimitationofthestudyalongwithfuturesuggestion.

2. BACKGRoUND

Technologiesindevelopedcountriesareindevelopedstagewhile indevelopingnationstheyare
comparativelyindevelopingstage.Therefore,itmaybededucedthatthetechnologicaldevelopment
and economic development are positively correlated, and the same is with knowledge economy
whichisalsoindicatedbyAl-Smadi(2013);Barkhordari,Fattahi,andAzimi(2018);Hadad(2017).
Worldwide,theaverageGrossEnrollmentRatio(GER),abenchmarkforeducationalattainment,is
around34.45%inhighereducationwhereindevelopedcountriesseemtobecontributingmorethan
theaverage;ontheotherhand,developingcountriesappeartobepostinglessthantheaverage(The
WorldBankGroup,2017).

In order to increase global GER, the efforts should be made at larger regional basis where
educationalindicatorsarecompromised.Inthiseffort,Asia,beingthebiggestcontinentoftheworld
intermsofareaandpopulation,needstocontributethemostineducationalattainmentbecauseit
also has the largest youth population. Although, enrolment in higher education has experienced
explosivegrowthacrossAsiaoverthelast20years(Vargheseetal.,2014)buttheavailabledata
showsthattheAsiaandPacificregionhasalongwaytogotoimproveaccessandqualityofeducation
forall(Zhang,2017).Inthiscontinent,Indiahastheworld’shighestyouthpopulationaccordingto
SocialStatisticsDivisionofGovernmentofIndia(2017)thereforemucheducationalinvestmentis
warrantedindevelopingandemergingknowledgeeconomylikeIndia.Inthiscontext,Indiaisleaving
nostoneunturnedbycreatingmoreeducationalopportunitiesandinfrastructurewiththehelpof
variouse-learningapplicationsbyexploringICTpotential.Onesuchremarkablemission,initiated
byGovernmentofIndiaviaitsMinistryofHumanResourceDevelopmentin2009,wasNational
MissiononEducation through InformationandCommunicationTechnology (NME-ICT).Under
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thismissionproject,somanye-contentprojectshavebeeninitiatedandthefewmajorinitiatives
areNPTEL,e-pathshala,CEC’se-content,VirtualLabs,SWAYAMandsoon(MHRD-GOI,n.d.).

Alltheseprojectswereconceivedtocaterthecurriculaofdifferentsubjectsanddisciplines,
therefore under each e-content project, 100 to 10000 e-learning modules have been created and
deployedontheInternet.AltogetherthisICTbasedprojectishavingadatabaseofmorethan50000
e-learningmodulesandthisnumberkeepsonincreasingasitisongoing.Becauseofwhich,Indiaas
of2015hasbecomethesecondlargestmarketfore-learningaftertheUnitedStates(Docebo,2016).
However,intermsofrevenueIndiarankedfifthinthetopseventeene-learningbuyingcountries
in2016(Adkins,2016).ButinglobalICTdevelopmentindex,Indiahasranked138thoutof175
countries,accordingtoMeasuringtheInformationSocietyReport2016issuedbytheInternational
Telecommunications Union (ITU, 2016). When India seems to be lagging behind in this ICT
developmentindex,thenitwouldberelevanttounderstandICTdeploymentapproaches,adoptedin
India,intheprocessofe-contentdevelopmentparticularlyfromatechnicalperspective.Sometimes
itisobservedthatpolicy-makersandeventechnocratsgetsofascinatedwithtechnologicalofferings
thattheymayuseitlesswiselywithoutexploringitsfullestpotential.Maybeforthisreason,Bates
(1999)hasstatedlongbackthatwiseuseoftechnologycansimultaneouslywidenaccess,improve
thequalityofteachingandimprovethecost-effectivenessofeducation.Butusingtechnologyfor
technology’ssakemaynotbethebeststrategysupportinggoodteachingpractices(Amirian,2003).
Whilenewtechnologiesofferconsiderableopportunitiesforimprovedlearning,theirusehowever
hasremainedasaplug-ontotraditionalteachingmethods(Narayan,Davis&Gee,2012).

TheroleofPedagogicalContentKnowledge(PCK)inteachingandinstructiongivenbyShulman
(1986),andShulman(1987)remainsincompletewithouttechnologythereforeMishraandKoehler
(2006)haveextendedthisPCKnotiontoTechnologicalPedagogicalContentKnowledge(TPACK)
frameworkbyintegratingtechnologyintoteachers’pedagogywithcontentknowledge.TheTPACK
frameworkhasbeenaremarkablemilestoneinthejourneyoflearningbecauseitexplainstheinfluence
oftechnologyinthepresenteraoftechnologymediatedteaching-learningprocess.Therelevancy
ofthisTPACKframeworkindifferenttechnologybasedlearningmodesisstillsignificantwhich
isevidentintheworkofmanyauthorssuchasMalik,Rohendi,andWidiaty(2019);Maor(2017);
Setujuetal.(2018),andsoon.

As appropriate technological implementation has come out as important determinant of an
effectivee-contentsystem,thereforesomanyauthorshavesuggesteddifferenttechnologicaloptions
forthedevelopmentofe-learningapplications.Asupportiveliteraturereview,inthisregard,hasbeen
brieflysummarizedinTable1bycoveringonlylasttwoyearsresearchworki.e.from2017to2018
becausetechnologyischangingveryfast.

Basedonaboveliteraturereviewitisconcludedthatallthetechnologicaloptionsandframeworks
wereproposedtoaddressparticularlearningneedandcontextbutnocomprehensiveframework,
coveringawiderangeofsuitabletechnologicaloptions,hasbeenfoundonthebasisofwhichafull-
fledgede-contentsystemmayberolledoutanddeveloped.Therefore,theresearchershavetakenthis
workforfurtherstudy.Asmaximumworkhasbeendevotedtoe-learningframeworkformulation,
thereforeauthorshavealsotriedtoformulateanITbasedtechnicalframeworkasresultofthisstudy.

So,whatkindoftechnologymaybeusedwhiledesigningthee-learningsystemanddeveloping
e-contenttocatertoday’ssmartlearnersbetterknownasmillennialsanddigitalnativeswhohave
optimumexposureofdifferent technologicaloptions– isonemonsterquestionwhichconstantly
needstobefedandanswered.Toanswerthisquestion,theviewandopinionofITprofessionalsis
warranted.ThepurposebehindexploringthetechnicalperspectivesofITprofessionalsistocome
upwithcomprehensiveguidelinesandframeworkfore-contentdevelopmentanddeployment,which
couldgiveoptimallearningoutcomewhilekeepingpacewithnewtechnologicaldevelopmentand
changingparadigm.Meetingtheeducationalexpectanciesalone,oftoday’slearners,cannotassure
thesuccessofthee-learningsystemuntiltheirtechnologicalexpectanciesarealsotakenintodue
consideration.
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3. METHoDoLoGy

Keepinginviewtheobjectiveofthisstudyi.e.toexploredifferentsuitabletechnologicalapproaches
alongwithdevelopingaguidingframeworkfore-contentsystem,aqualitativeapproachtotheresearch
hasbeenadopted.Becausethestudyisintendedtoknowtheviews,opinionandperspectiveofthe
expertswhichcouldnotbemeasuredinquantity,ratheritisgoingtobeaqualitativedatacoming
fromtheexpertswithdetailinganddescriptionsaboutdifferenttechnologicalimplementationoptions.
As the intended result about theorizing the technical framework is supposed tobeembeddedor
groundedinintervieweddatathereforegroundedtheoryapproachofqualitativeresearchhasfurther
beenfollowed.Groundedtheoryisageneralmethodologyfordevelopingtheorythatisgrounded
indatasystematicallygatheredandanalyzed(Strauss&Corbin,1994).Itisdesignedtogenerate
orcaptureanexplanation(theory)ofaprocess,action,orinteraction(Olson,2017).Participants
inthestudywouldallhaveexperiencedtheprocess,andthedevelopmentofthetheorymighthelp
explainpracticeorprovideaframeworkforfurtherresearch.Akeyideaofthisgroundedtheoryis
thatthedevelopmentdoesnotcome“off-the-shelf,”butratherisgeneratedor“grounded”indata
fromparticipantswhohaveexperiencedtheprocess(Strauss&Corbin,1998).Thesameapproach
hasbeenfollowedinthisstudyi.e.todeveloptheory(intheformofguidelines)andframeworkby
extractingitfromthegatheredinterviewdataoftheITexperts.

3.1 Sample
ThepurposivetypecriterionsamplinghasbeenusedtoformasampleofITProfessionalstoknow
their technical perception towards e-content. For this, experienced and expert insights from the
ITprofessionalsfore-contentdevelopmentanddeploymentwasneededandthatiswhycriterion
samplingwasselectedbywhichonlythosecaseswereselectedwhometthepredefinedcriterionof
significanceforgatheringin-depthinformationwithreferencetotheobjectivesofthestudy(Patton,
2002).TheprerequisitesorcriteriaforselectingthesampleofITprofessionalswere:

Table 1. Recent studies about technological implementation for e-learning application development

Proposed Technological Implementation Options Author

T h e o r e t i c a l  f r a m e w o r k  a n d  a r c h i t e c t u r e  f o r
d e s i g n i n g  S m a r t  L e a r n i n g  E n v i r o n m e n t

K a r o u d i s  a n d  M a g o u l a s  ( 2 0 1 7 )

Framework and archi tecture  for  developing e- learning
contents based on collaborative design & concept maps

ElMhouti,Nasseh,Erradi,andVasquèz(2017)

P e r s o n a l i z e d  e - l e a r n i n g  f r a m e w o r k A l h a w i t i  a n d  A b d e l h a m i d  ( 2 0 1 7 )

Three  t ier  archi tec ture  based dynamic mobi le  ad  hoc
e- learning system design and development  f ramework

A r u n a  a n d  G e o r g e  ( 2 0 1 7 )

Architecture for implementing cloud computing in e-learning El  Mhouti ,  Er radi ,  and Nasseh (2018)

F r a m e w o r k  f o r  c r e a t i n g  a u g m e n t e d  r e a l i t y
b a s e d  m o b i l e  a p p l i c a t i o n  a s  l e a r n i n g  t o o l s

M o t a ,  R u i z - R u b e ,  D o d e r o ,
a n d  A r n e d i l l o - S á n c h e z  ( 2 0 1 8 )

Bigdata-basedframeworkfore-learningsystemstohandlelearning
relatedmassivedataandrespondaccordinglyusinglearninganalytics

Huda, Haron, Ripin, Hehsan, and Yaacob
(2017);  Elhoseny,  Elhoseny,  Riad,  and
Hassanien(2018);Huda,Maseleno,Atmotiyoso,
Siregar, Ahmad, Jasmi, and Muhamad (2018)

A p p l i c a t i o n  o f  M a c h i n e  L e a r n i n g  t e c h n i q u e s  a n d
approaches for  online learning and e-learning systems

Maina,Oboko,andWaiganjo(2017);Al-Shabandar,
Hussain, Laws, Keight, Lunn, and Radi (2017)

J 2 E E  a r c h i t e c t u r e - b a s e d  e - l e a r n i n g  s y s t e m  t o
address  the  problems exist ing in  t radi t ional  teaching.

Z h a n g ,  Wa n g ,  a n d  Z h a n g  ( 2 0 1 8 )
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• TheITprofessionalsshouldhaveminimum10yearsofexperienceinITIndustries.
• SomeoftheITexpertsshouldbeseniorSystemArchitectssothattheycangiveinsightsabout

architectureaspectsofe-content.
• SomeoftheITexpertsshouldbeChiefTechnicalOfficerswhocancommentandguideweb

technologiesfore-content.
• SomeoftheITexpertsshouldbeatDirectorlevelwhocanvisualizethewholeexecutionprocess

fore-contentdevelopment.
• SomeoftheITexpertsshouldbefromITFacultiessothattheycangivetheiracademically

balancedITperspective.
• RestoftheITexpertsshouldbeSoftwareEngineers,TechnicalLeadersandProgrammers.

Based on fulfilling these criteria, a sample of 20 IT experts or professionals (N = 20) was
finallyconstitutedthoughitwastargetedto50respondents.Appropriatesamplesizeinqualitative
studiesmaybedeterminedby the conceptof saturation as recommendedbyGlaser andStrauss
(1967).Saturationoccurswhenaddingmoreparticipantstothestudydoesnotresultinadditional
perspectivesorinformation.Insuchscenario,Creswell(1998)suggestedtotakeasampleof20–30
fortheinterview.Therefore,thesampleof20validresponses/submissions(40%responserate)may
beconsideredtobegoodenough.ThesampleconstitutionistabulatedinTable2:

ThispoolofITprofessionalswasselectedfromvariouspartsoftheworldi.e.75%(15)from
IndianITdomainand25%(5)fromInternationalITdomain.

3.2 Tools: Interview Guide for IT Professionals
Inordertounderstandappropriatetechnologicalapproachesfore-content,theITprofessionalshave
beencontactedandinterviewedbyusinganinterviewguidewhichwasfinalizedafterincorporating
feedbackandsuggestionsofexpertpanelfollowedbypretestingwithnofurthersuggestionsinthe
thirddraft.Thefinalguidehasthreemajoropen-endedquestions:

1. Whatkindofsystemarchitecturewouldyousuggestfordevelopingandhostingthee-content
system?

2. Whatkindofwebtechnologyandservertechnologywouldyousuggestfore-contentdevelopment?
3. Cane-contentbedevelopedbasedoncertainLMS,CMSorstandardssuchasSCORMandother

programmingmodels?IfyeswhatkindofLMS,CMSmayberecommended.

3.3 Procedure of Data Collection
InterviewoftheITprofessionalswascarriedoutbyusinganinterviewguide,havingthreeopen
endeddetailedquestions,either throughe-mail for theirwritten responsesor through telephonic
interviews,aspertheirconvenience.Sincethenatureoftheopen-endedquestionswasverydetailed

Table 2. Sample constitution

Expertise Domain/Designation of Participants in Sample Constitution Number of Participants

SoftwareEngineers.TechnicalLeaders,Programmers 9(45%)

SystemArchitects 4(20%)

Director-ITprogram 4(20%)

ITFaculties 2(10%)

ChiefTechnicalOfficer(CTO) 1(05%)

Total 20(100%)
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andcomprehensivethusexpertspreferredtogivetheirwellthoughtwrittenresponsesincomparison
tointerview.TheInterviewguideincludedthepurposeoftheresearchalongwiththehyperlinkof
Indiane-contentprojectsforreference(http://mhrd.gov.in/e-contents).

3.4 Data Analysis
Qualitativeanalysishasbeendoneusingcontentanalysismethod.Inthisregard,Atlas.ti7.0qualitative
dataanalysissoftwarewasusedsothatrepeatedideas,conceptsinthecollecteddatabecomeapparent,
andaretaggedwithcodeswhichfurthercanbegroupedintoconcepts,andthenintocategoriesfor
searchingthethemes,relationships,frequencyandpatterns.Thesecategoriesmaybecomethebasisfor
newformulations.Theultimateobjectiveofthisanalysiswastoformulatecomprehensiveguidelines
alongwithframeworkfore-contentdevelopmentfromthetechnicalperspective.

4. RESULTS AND FINDINGS

4.1 System Architecture for e-Content
Theresult inresponsetofirstopenendedquestion,inregardtowhatsystemarchitecturecanbe
suggestedfore-contentdevelopmentanddeployment,hasbeensummarizedinTable3.Justasa
hinttoreadthistableandsubsequenttables,frequencymaybereferredtounderstandtheweightage
giventoparticularkeyconceptaswellastosomesub-category/groupedconceptalso,insomecases.
Alltheconceptsandsubcategories/groupedconceptsthengetgroupedintorelevantcategory,and
forthatgroupfrequencymaybereferred.Itmayalsobenotedthatgroupfrequency,asacollection
ofvariousfrequencies,maygoabovethesamplesize(n=20)becauseoneconceptwassometimes
givenmorethanonetimebyarespondentindifferentcontexts.

Fromthefrequencyanalysisofsuggestedsystemarchitecturesfore-contentdevelopmentand
deployment,thethree-tierarchitecturewasthemostfrequentlysuggestedarchitecturefollowedbysome
similararchitecturesuggestionssuchaslayeredcomponentbasedarchitectureandn-tierarchitecture.

Differenttechnologiesandframeworkshavebeenrecommendedforthreetierarchitecturewhich
consistsofpresentationlayer;middlelayer;backend/storage;andcommunicationlayer.

Forpresentationlayerorwebtier,whichmainlyconsistsofwebservers,ITprofessionalssuggested
AngularJS,HTML5,CSS3,Bootstrap,JavaScript,PlayFramework.Forthebackendsupport,RDBMS
Serverkindofdatabasetechnologyhasbeensuggestedforcontentstorage&fastretrieval.Itwasalso
suggestedtouseContentDeliveryNetwork(CDN)suchasAmazonS3,Akamaiforverylarge-scale
dataandcontentdeploymentwithefficientandfastdelivery.Forimprovedcachingmechanism,Redis
andMemcachekindoftechnologicalconceptscanalsobeappliedinbackendofthesystem.Hybrid
Modelwasalsosuggestedforimplementationinbackendtiersdatabasetechnology.

Layeredcomponent-basedarchitecturewasthesecondchoiceoftheITprofessionalsafterthree
tierarchitecture.Further,iflargescalecontentdeploymentisaneed,theITprofessionalssuggested
theusageofn-tierarchitecturewhichisanextensionoradvancementofthreetierarchitectureand
layeredcomponent-basedarchitecture.

ITprofessionalsalsosuggestedcloudandRESTarchitectureinordertoreapmaximumadvantages
ofadvancingtechnologiesforanefficiente-contentsystemsothatitcaneasilyhandleincreasingdata
(bigdata),usersandhits.IncloudarchitectureAmazonWebServices(AWS)wasthefirstchoice
followedbyGoogleAppEngineandAzure.TheresultmayalsobeinterpretedthroughFigure1,
createdwiththehelpofcodesnetworkingfeatureoftheAtlas.tisoftware.

4.2 web and Server Technologies for e-Content
Theresultinresponsetosecondopenendedquestion,withregardtowhatwebtechnologyincluding
server-side technology can be suggested for e-content development and deployment, has been
summarizedinTable4.
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Fivestagesofwebtechnologyareimportantforanysystemdevelopment,whichhavealsobeen
recommendedbyexpertsfore-contentsystem,namely–programminglanguage,webapplication
framework,presentation/design,contentcreationandserver-sidetechnologyincludingcloudstorage.

Table 3. Frequency analysis for system architecture for e-content development and deployment

S. 
N. Category Key Concept Frequency Group 

Frequency

1 ThreeTierArchitecture 35

1.1 PresentationLayer/WebTier 14

WebServer 3

AngularJS 2

HTML5,CSS3 2

Bootstrap 2

Javascript 2

PlayFramework 1

EdgeServers 1

ApacheTechnologiesbased 1

1.2 MiddleLayer/BusinessLayer/ApplicationTier 8

ApplicationServer/WebApplicationFrameworkforcontent
management 8

1.3 Backend/DataLayer/Storage 10

DatabaseTechnologyforcontentstorage&fastretrievalsuchas
SQLServers 4

ContentDeliveryNetwork(CDN)suchasAmazonS3,Akamai 3

CachingMechanismsuchasRedis&Memcache 2

HybridModel 1

1.4 CommunicationLayer 3

HTTP(s),EDI,offline 3

2 LayeredComponent-
basedArchitecture 6

WebPortal(UserInterface) 2

ContentManagementLayer(Delivery) 2

DatabaseContentLayer 2

3 n-tierArchitecture 5

InterfaceLayer 1

ContentManagementLayer 1

ApplicationIntegrationModule 1

PeripheralServicesLayer 1

ContentRepositoryLayer 1

4 Cloudbased
Architecture 4

AmazonWebServices(AWS) 2

GoogleAppEngine 1

Azure 1

5 RESTArchitecture 4



International Journal of Information and Communication Technology Education
Volume 16 • Issue 3 • July-September 2020

99

Withineachstage,differenttechnologicaloptionsweresuggestedandaccordinglyprioritizedinthe
frequencytable.

Forprogramminglanguagefore-content,theexperts,mostfrequently,suggestedJavafollowed
byPHP,PythonandPerl.Inrespecttowebapplicationframework,themostfrequentlysuggested
frameworkwasAngularJSfollowedbyJQuery,AJAXandthenReact.js.

Forpresentation&templatedesignofthee-content,HTML5/CSS3,JavaScriptorBootstrapcan
beused.Further,forcontentcreation,theexpertshavesuggestedfourways,byusing–authoringtools,
authoringAPI,ContentManagementSystem(CMS)andLearningManagementSystem(LMS).In
general,themaximumsuggestionshavegonewithCMSbywhichsmallscaleaswellaslargescale
contentdeploymentcanbedoneandthiswillbedealtindetailduringtheanalysisof3rdquestion
whichisallaboutCMS&LMS.

J2EEandRestbasedAPIswerethemostsuggestedserversidetechnologiesandplatforms.Node.
js,jBPM,DotNet,NoSQL,PHP5/MySQLandLDAPcanalsobeusedfordatabasemanagementofthe
e-contentsystem.Whenitcomestocloudbasedstorageandcomputingforcontentrepositoryandfast
retrieval,AmazonWebServices(AWS)stoletheshowbygettingmostnumberofrecommendations.
TheotherchoicesforcloudstoragewereMicrosoftAzure,LinodeandCloudera.Theresultmay
alsobeinterpretedthroughFigure2,createdwiththehelpofcodesnetworkingfeatureoftheAtlas.
tisoftware.

4.3 CMS, LMS and Standards for e-Content
Theresult,inresponsetothethirdopenendedquestionregardingifanyCMS,LMSorstandardcan
beusedtodevelope-contentanditspackaging,hasbeensummarizedinTable5.

AsaresultoffrequencyanalysisinregardtowhatLMS,CMSorStandardscanbeadopted
to develop and package e-content web application, it was recommended that e-content can also
bedevelopedusingsomeLMSorCMSorstandardsinsteadofusingdedicatedwebtechnologies

Figure 1. System architecture for e-content development and deployment



International Journal of Information and Communication Technology Education
Volume 16 • Issue 3 • July-September 2020

100

Table 4. Frequency analysis for web and server-side technology for e-content development

S.N. Category Key Concept Frequency Group 
Frequency

1 ProgrammingLanguage 14

Java 6

PHP 3

Python 3

Perl 2

2 WebApplicationFramework 14

AngularJS 5

JQuery 4

AJAX 3

React.js 2

3 Presentation&Template
Design 14

HTML5/CSS3 6

JavaScript 5

Bootstrap 3

4 ContentCreation 19

4.1 AuthoringTools 1

4.2 AuthoringAPI 3

TinCanAPI 2

SCORM 1

4.3 ContentManagementSystem(CMS) 11

Drupal 2

Joomla 2

IBMContentManagementSystem 1

ORACLEWebCentercontent 1

DjangoCMS 1

Alfresco 1

AdobeCQ5 1

ApacheSling 1

eXoPlatform 1

4.4 LearningManagementSystem(LMS) 4

Blackboard 2

Moodle 2

5 ServerTechnology 15

J2EE 3

RESTAPIs 3

Node.js 2

DotNet 2

NoSQL 2

jBPM 1

PHP5/MySQL 1

LDAP 1

6 CloudStorage/Computing 10

AmazonWebServices 5

MicrosoftAzure 3

Linode 1

Cloudera 1
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consistingofprogramminglanguageandwebapplicationframework.Themostfrequentsuggestions
wereinfavourofusingLMSandCMSfollowedbysomewelltestedStandardsandspecificationfor
learning.Thereafterfewsuggestions,whichwereleastfrequent,indicatethate-contentdevelopment
mayalsofollowMOOCsapproachwhichdoesnotfollowanyLMSorCMSorStandards.Instead,
MOOCs follow new and advance web technologies as a developmental framework because it
demandsscalability,collaboration,interaction,customizationandassessment.FromthelistofLMS
andCMSwhichcomprisesmallscaleandlarge-scalecontentdevelopmentanddeploymentsoftware
applications,themostfrequentlysuggestedwasMoodlefollowedbyBlackboard,Drupal,Edmodo,
Sakaiforsmallscalecontent.Inthelarge-scalecontent,thesuggestedCMSandLMSplatformwas
IBMContentManagementSystem.ItwasalsosuggestedtouseApacheSlingandDjangoCMS/
MERNstackaswebapplicationframeworksforCMSandLMSdevelopment.Similarly,someofthe
othersuggestions,whichcouldactlikeCMS,LMSandthuscouldbeusedforthedevelopmentof
LMSorCMSkindofweblearningapplications,wereORACLEWebCentercontent,AdobeCQ5,
ExoPlatform,Alfresco,CollaborativeClassroom,Sumtotal.

Inregardtothestandardstobefollowedfore-contentdevelopment,themostfrequentlysuggested
standardwasTinCan(ExperienceAPI)followedbySCORMandLTI(LearningToolInteroperability)
andthenePub3(e-bookformat).However,TinCanhasbeensuggestedasbetterthanSCORMbyfew
oftheITprofessionals.TheresultmayalsobeinterpretedthroughFigure3,createdwiththehelpof
codesnetworkingfeatureoftheAtlas.tisoftware.

Figure 2. Web and server technologies for e-content development and deployment
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5. TECHNICAL GUIDELINES FoR E-CoNTENT 
DEVELoPMENT AND DEPLoyMENT

Basically,todevelopanddeployane-contentsystem,itisofgeneralimportanceforadeveloperto
decidethescopeofusage.Thescopecanbeunderstoodintermsofcertainaspectssuchas:number
ofendusersandnumberofrequestsatatime;timetogolive;ownership;softwaredevelopment
capability;resourcesavailable–financialresourcesanddevelopmentresources.Forthis,following
guidelinesbasedonthefindings,arediscussedandrecommended,keepinginviewthefourstages
ofInformationTechnology,namely:architecture&design;tools&technologies;contenthosting;
contentdevelopment.

Table 5. Frequency analysis for LMS, CMS and standards for e-content development

S.N. Category Key Concept Frequency Group Frequency

1 CMS&LMS
System 22

1.1 Smallormoderatescalecontentdevelopment 15

Moodle 4

Blackboard 2

Drupal 2

Edmodo 2

Joomla 2

Sakai 1

Sumtotal 1

CollaborativeClassroom 1

1.2 Largescalecontentdevelopment 7

IBMContentManagementSystem 1

DjangoCMS/MERNStack 1

ApacheSling 1

ORACLEWebCentercontent 1

AdobeCQ5 1

ExoPlatform 1

Alfresco 1

2 Standards 9

SCORM 4

Standard:TinCan(ExperienceAPI) 2

Standard:LTI(LearningToolInteroperability) 2

Standard:ePub3(e-bookformat) 1

3 MOOCsbased
approach 4

NoLMS/CMS 2

NoStandards 1

LatestWebTechnologies 1
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5.1 Architecture and Design
Architectureanddesign,thefirstandforemoststep,worksastheblueprintfortheactualdevelopment
ofe-contentoranye-learningwebapplication.Thiswillhelpinidentifyingcomponentsinthesystem.
Themostcommonlyusedapproachtoarchitectthewebapplicationistoidentifylayersinthesystem.

Thesystemarchitectureforane-contentsystemmaybecomposedofapplications,components
andservicestosupporthighlevelfunctionalneedsoflearningprocess.Hencethesystemarchitecture
canbeenvisionedascompositearchitecturethatwouldincludewebapplications,database,filestorage
server,backofficeapplications,reportingapplicationsandservicesthatwouldintegrateandestablish
communicationbetweendifferentmodulesandsub-systems.Tomeetthis,athree-tierarchitectureor
layeredcomponent-basedarchitectureisrecommended,keepinginviewthate-contentissupposedly
amediumscaledeployment,whichhasalsobeensuggestedbyKumar,Prasad,andSriPradha(2017);
LeungandLi(2001).Ifrequirementincreasesthenthreetierarchitecturemayalsogetextendedton-tier
architecture,whichhasalsobeenadoptedbyBouras,Giannaka,Kapoulas,Nani,andTsiatsos(2003);
Srai,Guerouate,Berbiche,andHilalDrissi(2017).Althoughcloud-basedarchitecturemayalsobe
recommendedife-contentdataisexpectedtoincreasetremendouslyintermsofusersandhitswhich
isalsosuggestedbySamra,Li,Soh,andAlZain(2019).Sincethree-tieristhemostrecommended
systemarchitecturetobeadoptedfore-content,itwouldbepertinenttodiscussitindetail.

Thethree-tierarchitectureconsistsofthreelayersortiersnamelypresentationlayerorwebtierfor
presentation,middlelayerorbusinesslayerorapplicationtierforcontentmanagement,andbackend
ordatabaselayerforstoringthecontent.Tofacilitatecommunicationandinteractionbetweenthese
layers,acommunicationlayerisalsorequired.TheInternetcoupledwiththebackendlayerbringsthe
phenomenonofcloudcomputingwhichmayalsobeaprobablearchitecturefore-learning.Further
theWeb/RESTservicescouldalsobeusedforintegrationandcommunicationbetweencomponents,
applicationsandotherbuildingblocksofthesystem.Thethree-tierarchitectureprovidesbenefits
ofsegregationofdutiesandallowschangestothesystemwithoutaffectingtheentiresystem.The
systemcangrowhorizontallyasthescaleofoperationsgrow.

Presentationlayercomponentsarebasicallythesoftwarewhichend-userisgoingtousetoaccess
thecontent.Thissetofcomponentscompriseofbrowsersondesktops/laptopsandappsonpadsand
smartphones.BrowsersaccessiblelearningcontentcanbedevelopedusingtoolslikeHTML5,CSS3,

Figure 3. CMS, LMS and standards for e-content development
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JS,Flex,OpenLaszloandDojo,ontheotherhand,appsforsmartdevicescanbepreparedusingthe
platform-specifictechnologye.g.IOSforiPads/iPhones.Thepresentationlayershouldberesponsive
sothate-contentintheformHTMLcontentcaneasilybedeliveredonthesmalldisplaysbesides
largerscreen,andforthisBootstraplibrarycanbeused.Thecoresystemshouldbeaweb-based
system,implementingproperauthorizationpractices.Usersorlearnerswillconnecttothissystem
togetthemselvesauthorizedandhaveadashboardtooforactionsandcontentaccess.

Middlelayerorbusinesslayerorapplicationtiercomponenttakescareofbusinessrulesand
allowstargetsegmentation,personalizationandlocalizationofcontent.Componentsinthis layer
containthecoreapplicationlogicanditbecomestheheartoftheapplication.Anexampleofthe
corelogiciswhatcontentistobedisplayedtoalearner,basedonhis/herknowledgeandlearning
styles,iflearnertakesatest/quiz.Forthis,evaluationlogicgoesinsidetheapplicationtierinorder
tofacilitateadaptablelearning.Notonlylearningstylesbute-contentsystemmayalsoberesponsive
towardslearners’emotionsbyadoptingsuchprogrammingwhichiscapableof‘affectivecomputing’.
Nowadvancementinfacerecognitiontechnologies,e-contentsystemwouldbeabletorecognize
differentfacialexpressionsofthelearnersbyusingcameraandothersensors,andthenaccordingly
abletoofferthesuitablecontentandexplanationasperthemood.

Middlelayerdependsonbackendlayerfordataorcontent.Commoncomponentsforthebackend
layeraredatabases,ContentDeliveryNetworksorCDNsandfileservers.Thoughincertainscenarios
CDNs themselves have their own middle layer, in this context CDNs can be put as part of the
backend.Actually,backendlayerisidentifiedseparatelyfrommiddlelayerbecauseofmaintenance
andsecurity.Forthebackendsupport,databasetechnologyforcontentstorageandfastretrievalsuch
asSQLServersissuggested.

Itissuggestedtouseaneffectivecachingmechanismforfrequentlyaccesseddata,sothatthe
databaseserverisavailableforhandlingmorerequests.RedisandMemcachearemostheavilyused
in-memorycachingservers.Also,theyhavefeaturestopersistthecacheinharddisk.

Similartothreetierarchitecture,layeredcomponent-basedarchitecturemayalsoconsistofthree
layersnamelywebportal(userinterface)forthepresentationofcontent;contentmanagementlayer
forcontentdelivery;anddatabasecontentlayerforcontentrepositoryanditsfastretrieval.Forlarge
scalecontentdeployment,then-tierarchitectureisrecommendedthatwouldconsistofinterfacelayer
(applicationmodules:Web2.0,HTML5or applicationsSDK-based), contentmanagement layer
(libraryserviceswithpublish,staging,logging,andcontentreporting/auditing),applicationintegration
module(webservices,API),peripheralserviceslayer(search,workflow,documentmanager,BPM,
Collaboration)andcontentrepositorylayer(webcontent,contentarchive,metadata,collaboration
data,ECMcontent,andsearchindex).

Formakingsystemthin,scalable,adaptive,responsiveandrichInternetapplicationbased;cloud
andRESTarchitectureissuggested,whichhasalsobeenrecommendedbyCheng,Xiong,andZhang
(2014).Forhostingpurposes,thecloudcomputinghasbecomeagoodoptionnow-a-daysbecauseit
isverycostefficientandatthesametimeittakescareaboutsoftware,hardwareandlicensingetc.as
wellashostingthewebsite,webservicesanddatabasesonthecloud.SpringMVCframeworkmayalso
servethesameobjectivebecauseittakescareofcoresystemandisscalabletobecomeafull-fledged
cloudenvironment.Themost recommendedcloudarchitecture isAmazonWebServices (AWS)
followedbyGoogleAppEngineandAzure.Allnon-sensitivedatacanbehostedinthepubliccloud
likeAWS,AzureorGoogleCloudandallsensitivedatacanbehostedontheownedpersonalservers.

5.2 Tools and Technologies
Thewebtechnologyforthedevelopmentanddeploymentofe-contentcanbeconceptualizedinthe
five domains, namely: programming language; web application framework; presentation/design;
contentcreation;server-sidetechnologyalongwithcloudstorage.

Programminglanguagesfore-contentwebapplicationshouldbeselectedaspertheneedand
requirementofe-contentsystem,andforthisNodeJS,Java,PHP,PythonorPerlmaybeused.
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TherearemanyJavaScriptframeworkslikeAJAX,AngularJS,jQuery,React.js,Backbone,etc.,
recommendedtosupportMVCpatternofe-contentdevelopment.

Forpresentation&templatedesignofthee-content,itisrecommendedtouseHTML5.0coupled
withJavaScript/CSSandRESTfulservicesbecauseitoffersflexibilityofdevelopmentandpowerin
rendering.Italsoprovidesallthefeatures,whichatypicalRIAapplicationcanprovide.Ithasbeen
replacingSWFfordynamicrenderingalso.

Forserver-sidetechnologiesandplatform,J2EEisrecommended.RESTbasedwebAPIisa
commonlyfavouredframework.TheseRESTwebAPIscanreachabroadrangeofclients,including
browsersandmobiledevicesandevencanbeservedinstandalonebackendapplications.Actually,
frontendcouldbepureHTMLbased,andAPIinvocationcouldbeRESTbased,andfurtherserver-
sidemiddletiercanbedevelopedusingopensource/JEEstackandhostedonopensourceapplication
server.Also,clientswouldnothavetightcouplingwiththeserver.Clientshouldtalktoserverthrough
well-definedinterface,thusdesigningRESTAPIswouldbeagoodideafore-contentwebapplication
developmentanddeployment.Otherrecommendedserver-sidetechnologiesfore-contentdatabaseare
Node.js,jBPM(WorkflowsystemforApprovals),DotNet(formanagingusersandaccess),NoSQL
(databaseforfastretrievalandflexibledesignindocumentformatsuchasJSONorXML),andLDAP
(forsingle-signonuserauthentication).

SQLServer/MySQL/Oraclecanalsosufficethedatabasemanagementneedsofthee-content
system.AscompanionreportingandanalyticstoolssuchasSQLreportingandanalysisor3rdparty
reportingtoolcanbeusedforreportingsubsystem.

5.3 Content Hosting
Forane-contentsystem,itbecomesimportanttoconsiderthefactthatduetorequirementofits
functionality, ithastorenderalotofstaticcontent.Thestaticcontentcomprisesvideos,audios,
imagesandtextualrepresentationoflearningmaterials.Asthenumberofusersandhostingneeds
(volumeand traffic) increases, the server starts experiencingperformance issues andbandwidth
usageproblems.Fortacklingthisissue,itisrecommendedthatthestaticcontentmaybehostedon
someContentDeliveryNetworkorCDNs,whichhasalsobeenadvocatedbyBridges,Day,Blank,
andSpear(2014).

Contentdeliverynetworks(CDNs)arespeciallydesignedtorenderstaticcontenttorequestclients.
ThegoalofaCDNistoservecontenttoenduserswithhighavailabilityandhighperformance.By
nature,theyareelasticandkeepincreasingthehardwarewhenitisrequired.Thisservesthreepurposes
forwebapplications:redirectionofrequestsandreductioninload;costeffectivenessbecausethey
onlypayforthespaceandbandwidththeyuse;maintenanceofsuchcontent-security,backupsetc.

MostcommonlyusedCDNsareAmazonS3,MicrosoftAzure,LinodeandAkamaiservices.
Theyprovideanauthorizationmechanismaswellasleveragingbywhichapplicationscanuploadtheir
contenttotheCDNandgetastaticURLinresponse.Fortherestofthelifeoftheapplication,those
URLscanbeprovidedinthecontentrenderedbythepresentationtier-whichmeansthatthelearning
hostingsitesanditsserversneednotbotheraboutthebandwidth,scalabilityandloadissuesbecause
itwillbetakencareofbytheCDN.Inotherwords,thesestaticURLscanbeprovidedaslinkinany
htmlpageorSWFfile,andlearnerscanaccesstheuploadedcontentandvideolecturesseamlessly.

5.4 Content Development
Fore-content’scontentformat,itisrecommendedtouse:JPEGsforstaticimages;GIFsfordynamic
images;mpegandmp4forlightweightaudio/video.Sincee-content’scontentsaredataintensivesuch
asimages,videosetc.,thuscontentmaybecreatedanddeployedindifferentresolutionssothatlow
bandwidthuserscanuseit(contentwillbedownloadedbasedonbandwidthavailability).

Forcontentpreparation,itissuggestedtouseanytexteditorfortext,DreamweaverforHTML,
andAviScreen,Camstudio,CamtasiaforScreencasting.Forsimplevideocontentcreation,Adobe
Presentercanbeused.
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Apartfromusingdedicatedprogramminglanguagesandwebtechnologiesforcreatinge-content,
therearesomeotherwaystocreateit.Therearesomesolutionswhichareavailableoff-the-shelf
andreadytousesuchasauthoringtools,authoringAPI,ContentManagementSystem(CMS)and
LearningManagementSystem(LMS).Amongstthesefourmethods,themostsuggestedwayiscontent
managementsystemswithsubsetoflearningmanagementsystemsbywhichsmallandmediumscale
aswellaslargescalecontentdeploymentcanbedone.Al-Busaidi(2013)hasalsogivenasimilar
suggestion,forusingLMSforhigheracademicinstitutionsofdevelopingcountriesiftheyarenot
abletorolloutfulle-learningenvironment.

CMSlikeIBMContentManagementSystemcanbeusedforlargescaleweblearningapplication
developmentanddeployment,whereasDrupalandJoomlacanbeusedforsmallandmediumscale
e-content.

LMSlikeSakaicanbeusedforsmall,mediumandlarge-scaledevelopmentanddeploymentof
learningcontentsystemaswellasarecapableofcreatingvirtualclassroomsbasedonCloud-based
environmentssimilartoEdmodo.Ontheotherhand,Moodle,Blackboard,GoogleClassroom,Google
Coursebuildercanbeusedforthedevelopmentofsmallandmediumscalelearningsystems.

SomeoftheWebApplicationFrameworkssuchasDjango/MERNstackandApacheSlingare
alsosuggestedtobeusedasaframeworkfordevelopingtheLMSandCMSbasedapplicationsfrom
smalltolargescaledeploymentasperneed.

e-ContentcanalsobedevelopedusingsomeauthoringAPI.AuthoringAPIshouldbestandards
basedsuchasSCORM(ShareableContentObjectReferenceModel)orTinCan(experienceAPI)
or LTI (Learning Tool Interoperability). However, TinCan (experience API) has got preference
overSCORMandLTI.ButrelevanceandusefulnessofthesestandardsparticularlySCORMisnot
appreciatedrecentlyandisamatterforfurtherresearch(Bush,Walker&Sorensen,2011).

6. TECHNICAL FRAMEwoRK

Frameworksareimportantbecausethespeedandqualityoftheworkdependsonthemastheyfacilitate
webprogramminginmanyways(Prokofyeva&Boltunova,2017).Therefore,bysummarizingabove
findingsandrecommendedguidelines,atechnicalframework(Figure4)isformulatedwhichcan
beimplemented,perse,todevelopanddeployafull-fledgede-contentsystem-capabletoserveas
MOOCplatform.AswecanseeintheFigure4,itstartswithverysimplethree-tiersystemarchitecture
–extendabletoaveryflexiblen-tiersystembyusingmicroservicesapproach.Therefore,theproposed
frameworkaimstosuggestanimplementationwhichcanscaletocateranynumbersoftheusersand
atthesametimeofferssomekeyarchitecturalbenefits.

Althoughtheframeworkisself-explanatory,eventhenitisdescribedasfollowswithintheshown
systemcomponentsformoreclarity:

• End user applications (Presentation tier)-Lookingatcurrenttrendsitisimportanttoseehow
theenduserswillinteractwiththeapplications.StudentswillmostlyuseMobiledevices,tabsor
desktopapplications.However,thecontentmakersorteacherswillusedesktopcomputers.Hence
theenduserapplicationsshallbedevelopedtobeabletorenderthecontentonthefollowing
platformswithcorrespondingtechnologies:
◦ iOS(usingiOSorReactNative)

○.Android(withAndroidorReactNative)
○.WebUI(HTML/CSS/JS/AngularJS/ReactJS/Bootstrap)

• Application layer:Inordertobeabletoservealltypesofenduserapplications,itisimportantto
haveanapplicationlayerwithwhichalltypesoftheenduserapplicationscaninteract.Typically,
thislayerneedstobeacollectionofHTTPRestAPIs.TheseAPIscanbedevelopedusingany
oneorwithacombinationofthefollowing:
○.NodeJS/ExpressJS
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○.J2EE/Spring
○.Python/Django

• Content storage -e-contentbydefinition,canhavefileswithdifferentMediae.gText,audio
andvideoandhenceitisimportantthatthestorageusedforthesystemcanscalewithtimeand
numberofusers.WithlatesttrendsitisrecommendedtousecloudplatformslikeS3,Akamai
etcforthesame.Thiswillpreventthesystemmaintainersfrommaintenanceoverhead.

• Data store:Sincethesystemisgoingtoseeavarietyofdatawithvolume,itisimportantthat
itissegregatedthoughtfullyandhencethedatastorebecomesaveryimportantcomponentof
thesystem.Somepopularchoicesarelistedbelow:
○.Contentrelateddata(nottheactualcontent)issomethingwhichmaybeslightlymorethan

beingsimpletodefine.Andinthiscase,NoSQLDB’slikeMongoDBwillhelp.
○.Thenatureofthesystemwillrequireapropersearchengineimplementedwithinthesystem

andhenceElasticSearchorSolrcanbeused.
○.Fornormaldatastoreactivities-RDBMSe.g.MSSqlServer,Oracle,MySQLorotherleading

productscanbeused.

Figure 4. Technical framework for e-content system development and deployment
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• Notifications Service:Natureoftheapplicationrequiresalotofbackandforthcommunication
with theusers.Newcourses, reminders for classes, reminders for tests andother functional
requirementsofthesystemrequireanindependentservicewhichjustsendsnotifications.This
servicecanbedevelopedagaininNodeJSorJ2EE.Itshouldbecallablefromthemainapplications
butneedstobehostedseparately.

• AI and Machine learning:Sincethesystemisgoingtocollectalotofdataforhumanbehavior,
itcanleveragethattocomeupwithgoodpredictions.Therefore,inordertomakee-content
systemsmartandinteractiveathumanlevel,itisrecommendedtoconsideraffectivecomputing
andlearninganalyticsusingPython/TensorFlowand/orwithleadingAIandMLtechnologies.

7. IMPLICATIoN, RECoMMENDATIoN AND CoNCLUSIoN

The findingsof this study, in the formof technicalguidelinesand framework,wouldbehelpful
forhighereducationalsetups,openuniversitiesaswellasITprofessionalswhoareengagedinthe
developmentofe-content.Byconsidering the fact that thepolicymakersandeducationistsmay
notbewellawarewiththecorecomputertechnologiessobyreferringtheseguidelinestheywould
be inbetter position to conceptualize, guide,monitor and supervise thewhole e-content system
developmentprocess.Byemployingtheproposedtechnicalframework,ITprofessionalswouldbe
abletodeveloptheire-learningsystemwhichisefficientandcosteffective.Theoutcomeofthis
studyisakindofnewpieceofknowledge,inasensethatnosuchkindofcomprehensiveguidelines
seemtobeavailablewhichcoverawiderangeofsuitabletechnologicaloptions,webtechnologies,
programminglanguagesalongwithITbasedtechnicalframework.

Therefore, thestudywouldnotonlyofferaroadmapfordevelopingafull-fledgede-content
systembutalsoassistinimprovingthetechnicalaspectsofvariousexistinge-contentprojects,which
isnotlimitedtoIndianhighereducationalcontextbutmayalsobeextendedtotheotherdeveloping
nationswhoare in theprocessofdevelopinganddeployingsimilare-learningwebapplications.
Sincethestudyisofqualitativenaturewithcomparativelysmallsamplesize,thereforethefindings
and recommendationscouldnotbegeneralized. In future, these limitationscanbeaddressedby
administeringtheinterventionsonalargersamplesize.Futureresearchmayalsovalidatetheproposed
guidelinesandframeworkbydevelopinganddeployingane-contentsystembasedontheguidelines
andframework,followedbythetestingofthedevelopedsystem.

Thus,itmaybeconcludedthattechnologicalaspectofanye-learningsystem,apartfrompedagogy,
hasemergedasanimportantdeterminantforperceivedeffectivenessofanye-learningsystemor
e-content.So,thisaspectshouldnotbeleftunattendedasitwouldberesponsibleformakinge-content
–interactive,adaptable,scalable,responsive,customizable,flexible,intuitiveandfast.
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