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Abstract — This paper presents the implementation of amstructional design in the course. The systemainsta
e-course generator. Courses are generated based oamponent which formally specifies instructionakide
three components: learning goals, learning objeat&l used in the course. By changing the instructioresigh
instructional design. The system’s architecture islefinition, different pedagogical strategies maydaesily
extensible - it is possible to extend it in ordemgenerate applied in the course. Then, these pedagogicalegies
courses in different output format. The result is8 amay be evaluated in order to find the most appebgri
automatically generated IMS LD compliant coursee Thstrategy for the course. This is the current pugpafsour
system is implemented in Java programming language. system. Currently, our system doesn't have a stsden
model as a component and it doesn't create a [adizeth
1. INTRODUCTION course.

_Cr_eatlng an e-course may be a very time cor!sumlmgfj 2 SYSTEM ARCHITECTURE
it is done completely manually. Also, there is a&deo

periodically change the created course. A parhf job In this paper, an e-learning course is modelledgighhe
may be automated using course generator systeraseThmodel presented in [8]. The model is based on icialss
systems automatically create an e-learning coussegu Tyler's rationale [9] and it specifies four moduliesa
different input parameters — learning objects, damacurriculum: learning objectives, learning objects,
knowledge, student model, pedagogical knowledge, etinstructional design and testing strategy. In thaper we
The paper [1] presents a system DCG which geneeatesre concerned about first three modules. E-coufises
sequence of learning activities using domain kndgde popular e-learning systems or in globally adopted e
instructional plan, learning material and studemt's- learning standards) mostly contain these moduleg, B
knowledge as the input parameters. This sequesicettie course is represented as a monolithic unit thed
personalized for each student. Domain knowledge mmodules are not explicitly represented as sepanatéd.
represented using a concept map. A learning envieohn  Using such representation, it is not possible to
for teaching mathematics is presented in [2]. Fache independently change only one module, which istfalc
student, the system generates a personalized cathhee demand very often.

input parameters are learning objectives, learmaggrial .
(represented by semantically annotated XML docug)ent H_er_lce, we have decided to represent each moduie as
distinct component. That way, each component may be

student's profile (knowledge and preferences), hiegc . .
scenario (there are 6 predefined global pedagogic'gfjependently changed and_the components are Iiﬂﬂ? In
arameters for the automatic generation of an mileg

strategies) and pedagogical rules (sequencing aR . .
selection of learning objects defined using if-theles). course. Our system generates a course using thpee |

The paper [3] presents the system for automatféaramEterS: learning objectives (goals), learnibgats

generation of a set of individualized hypermedia‘{’md Instructional design. Learning objectives may b
documents. A course is generated using studentielmo deﬁ”‘?d as learning outcomes that a learner hastimve.
domain knowledge, learning objects and a set aésrul In_this paper, we have dECI.ded. to use ontology for
defined in JESS rule engine. Student's model i aéed representing learning goals which is an approaef us

. . . . 4] and [6]. Our ontology of learning objectives is
in [4] where a sequence of learning objects is tecka [ . .
usir[1g] planning rr?echanism and ?DDDJL plan. Thi represented in OWL [10] language. In this paperuse

. . . The term “learning object” to refer to any digi@dntent
language is used in [5] for course generation, to?hat helps a student to achieve a learning objectiv
Learning activity is chosen in the real-time depegdf P g obe

a learning objective and student's profile. Theepd] evaluate§ if a learning objectivg is achieved. Sioar
presents the system for the automatic generatiom Ofsyst_em is intended for generating an e-course feb w
learning path using ontology of learning objecti environment, we need learning objects represented i
student's model. A similar approach is used in [t browser-readable format. So, we have chosen HTML

) - . . format for learning objects, packed in IMS Content
without the formal representation of learning objess. . X
A course is generated directly using learning dbsjend Packaging [11] format. As mentioned, the usage of a

relations are directly defined among learning disiec 'ee?m".‘g object is a!ways related tp a specificrrien
objective (for learning or evaluation). Thereforee

This paper presents our system for automatic géoera created a mapping input component that maps leggrnin
of e-learning courses. As we can see above, allasim objects to learning objectives. We use an XML doeoin
systems have two basic components: learning obggats to specify this mapping. For generating a sequesfce
domain knowledge. Our system contains these twearning activities, it is necessary to define an
components, too. In addition, our system is focumethe instructional design used in the course. We hagated a



special-purpose XML-based language for describegy tfrom  the  sequence  of learning  activities.
instructional design. The language specifies themsLDCour seModel class represents the course in the
sequencing and selection of learning objects. ANLXMIMS LD format. The methodsr eat eActi viti es and
schema for this language is presented in [8]. Bs&lt of creat eActi vity- Rel ationshi ps create the IMS LD
our system is a formal description of an e-learmiogrse. representation of learning activities (see secigh). The

It may be defined in various formats, and we hawvesen overridden methodener at eCour se creates an IMS LD
IMS Learning Design [12] format. A detailed destiop  manifest file. The e-learning course model is shdwn
of all components may be found in [8]. The globakigure 2.

architecture of our course generator is depicteHigure

1.
resources
__,J s J __,J i Resource : 2
Ontology OR Mapping IMS CP Manifest ID Template
TemplateParser
Course Generator E:I LearningObjective : 2
objectives
Parse ontology | =] parse resources =1 Init mapping ‘
Create relationships< Create activities — _| Parse template CourseModel InstructionalDesignElement : 2
instructionalDesignElement
-] Generate IMS LD manifest
\/ rogtActivity LearningActivity
:vJ (<CourseGeneratorModel>)
= IMSLDCourseModel {abstract}
IMS LD Manifest E

Figure 1. System architecture
Figure 2. E-learning course model

3. SYSTEM IMPLEMENTATION 3.2. Learning objectives and learning objects
The system is implemented in Java programmin
language. The system parses the input files anatese
the in-memory representation of data read fromitipet
files. Firstly, the ontology of learning objectivesnd

Hor in-memory representation of learning objectiees!
learning objects, we have created the model shown i
Figure 3.Resource class represents a learning object.
. . e 00 . For each learning object, the name, id and fileh pae
learning objects specification (in the IMS CP masif managed. In addition, this class has a list of detathat

file) are parsed. Then, learning objects are linkéth - - ; .
: o . . closely describe the learning object. For a lesyni
learning objectives by parsing the mapping compbnen’,.” "~ ) ; ;
The last input file that is parsed is the XML do@nn CPIECtVe  (class Learni ngChj ective), the system
that describes course instructional design. Uslhthase spguﬂes the hame and 'hlerarch|calllevel. Sineenieg
data, a sequence of learning activities is gen@lerateObj.em!VeS are h|erarch|cally_organlzed, ea_ch i_egrn
Finally, this sequence is a base for generatinivs LD objept|ve has a referen_ce tq its pafe”‘ Iearp|nggmbe
manifest file, which represents a formal descrippour  (@ttributeparent Qj ective in the figure). Likewise, a

e-learning course. The object models of each coemton Iea.rnmg object|\{e has a list of |ts'ch|Idren.. 'Cmn'rtology
are described below. defines a relationsur ni ses which specifies that a

learning objective may be a precondition for other
learning objectives. This relation among learning
objectives is modelled usin@j ecti vePrecondi tion

An e-learning course has been modelled using anagbs class. The attributesource in this class represents a
class CourseModel . The course contains learning!®@ming objective that is a precondition for tlearhing
objectives, learning objects and information abthg objective defined by thedestination attribute.
instructional design. These attributes are initidi from Learninglbjective class has the list of all
the system inputsTenpl at ePar ser class parses the Obj ectivePrecondi tion objects where that learning
input XML document that describes instructionaliges ©objective is the source. Similarly, it contains et of
Using initialized attributes, learning activitieeeacreated. Obj ectivePrecondition objects where it is the

The course (in the concrete output format) is gmeer destination. Mapping of learning objects to leagnin
objectives is modelled irDbj ecti veResource class.

3.1. E-learning course



The class contains a reference to a learning objedtto next lesson if he hasn't completed the previous &t

an appropriate learning objective. we need to define the relationship between twooless
These relationships are modelled usiry ement -

Rel ationship class. Learning elements which
participate in the relationship are modelled using
Condi ti onEl enent class. Learning elements creates the
resource relationship only when a specific condition (moddll
with El ementJoin class) is satisfied.El ement -

Resource

ObjectiveResource ot i Rel ationship class contains theif Condition
ObjectivePrecondition reference which represents a condition for perfognmi
specific actions in the course.
objective e
destination precopditions ConditionAction : 1 ConditionAction : 2
. < ) (<C
source pos conditions t {abstract} {abstract}
LearningObjective ConditionExpression : 2 d 7
(<CourseGeneratorModel>)
parentObjective ; {abstracty | _ifCondition elseAction
>
children ElementRelationship
Figure 3. The model of learning objectives andrieay R
objects join ?—\L
3.3. Instructional design Elementloin °

joinExpresson

Based on the XML scheme for describing the
instructional design in the course, we have created
corresponding object model shown in Figure

I nstructional Desi gnEl enent is a container class
and it describes the organization of learning elesién *‘Wj‘s pmﬂ creding
the course. Learni ngEl ement is a generic learning ] gecing
element in the organization. Learning elements are —
hierarchically organized, so each learning element
contains a reference to its parent learning eleraadta
collection of child learning elements. Also, generi
Lear ni ngEl enent has a unique identifier represented includes  exdiudes
with el ement | d attribute. There are three different types
of learning elements — element group, sequence and

ConditionExpression : 1
(<CourseGeneratorModel>)

{abstract}

InstructionalDesignElement : 1

ObjectSelection

learning object. Element group is just a contaif@r =]

other learning elements. Sequence represents a ohai pectentute slectionRule

other elements. Its role is similar to the role lobp

statements in programming languages. For each segue Sequence LeamingObject ElemontGroup
the system iterates through the elements specifigtl

el enent attribute. Learning object is a learning element f % %

on the lowest lhlerarchlcal level. It actually reyERts a L bsequence SLoLeamingobject| | MSLDEIementroup
concrete learning resource. For sequences andirigarn

objects, we should define a specific strategy &ecting

learning resources. This strategy is defined in Figure 4. Instructional design model

Sel ecti onRul e element.Sel ecti onRul e aggregates

two lists of ObjectSel ection elements. First list Conditions are modelled usin@ndi ti onExpressi on

contains objects that will be included in the ceurhe class. When the condition is satisfied, specifitions

second one is for excluded objects. Object selectiglefined in the thenAction list are performed.

element specifies learning objects for including oPtherwise, actions defined in the seAction list are

excluding. Learning objects selection is done bperformed. Actions are modelled using

specifying the values of its metadata attributessoA Conditi onActi on class (see below).

using thepriority attribute we specify the order of

included learning objects. Learning object may lsedu ConditionExpression is an abstract class that

for evaluating student’s knowledge. In such casadigg represents a certain condition in the learning @ssc

information is modelled using adi ng class. Condition may contain sub-conditions, which is
represented  with chi |l dExpressions  attribute.

Beside the course structure, sometimes it is napgss Condi ti onExpression class has successors that

define relationships between learning elements. Foepresent concrete logical expressions (and, walsqg.).

example, in mastery learning student can’t prodeettie The successors override the method cul ate that



evaluates the value of the logical expression (toue modelled usingActivityRel ationship class. The
false). Condi ti onExpr essi on class and its successorsrelationship contains a list of activities that rforthe
are shown in Figure 5. relation (earni ngActivities attribute). When the

i f Condi tion attribute is satisfied, the course performs
the actions defined in thet henAction attribute.

IMSLDC v

) B s

NotExpression - IMSLDOrExpression

AndExpression

\V4

parentActivity

CompletedExpression

Otherwise, the actions specified in tle seAction
attribute are performed.

ConditionExpression

{abstract}

>

LessThanExpresson| 7

LeamingActivity
learningActivity {abstract}

gradingActivity activities
ValueExpresson PassedExpression leamingActivities
GradingActivity
{abstract}
JAY

GreaterT| ‘ IMSLD] ActivityRelationship
Zﬁ {abstract}

Figure 5. The model of logical expressions in the IMSLDGradingActivity
instructional design description

!

childExpressions

IMSLDLeamingActivity

Condi ti onAction is an abstract class that represents a |MStPActivityRelationship
certain action that should be done in the learpirgess.

Two types of action are supported: showing a legrni ifCondition thenAction elseAftion

element ActionShow class) and hiding a learning

elem_ent Acti onHi de Class).O_ond_i ti onAction class CondiionExpression |- Condionaciion ;1]  Candilonacion :2

and its successors are shown in Figure 6. {abstract} {abstract) {abstract
L [ L

ConditionAction . . Lo
{abstract} Figure 7. The model of learning activities in the

instructional design description

3.5. IMS LD support
HideAction ShowAction Described classes represent a general model of-an e
learning course and consequently they not defing an
specific output format. In order to generate a seun the
specific output format, it is necessary to creaecessors
of the described classes. We have created sucsebsbr
generate a course in the IMS LD format. For each
learning element in the instructional design moded
have created an appropriate successor class
. o ) (I VBLDEI enent Gr oup, | MBLDSequence and
Figure 6. The model of course actions in the im$tonal | vsLDLear ni ngoj ect ). Likewise, for conditions and
design description actions, we have created successors that generate
) conditions and actions in the IMS LD format. All
3.4. Learning activities successors overridexpor t TOXML method and create the

) ) XML nodes in the IMS LD manifest file.
On the basis of input parameters our system creates

Iea.rn.ir.'lg a_CtiVities in .the .course. The model ofriéag . LearningActivity andActivityRel ati onship are
activities is shown in Figure 7. An abstract leagni apsiract classes and they represent activitieseirergl.
activity is represented withear ni ngActivity class. \ye have created successors IVBLDLear ni ng-

Activities are hlgrarchmally orga.m.zed. Each albjlmh.as & Activity andl MSLDAct i vi t yRel at i onshi p in order
reference to its parent activitypdrentActivity {5 generate activities in the IMS LD format. Thes@sses

attribute) and a list of its child activitiestivities  export their attributes to the IMS LD format.
attribute). Grading is a distinct activity and thiare

represented withGradi ngActivity class. Grading is 4. SYSTEM OUTPUT

always related to a standard learning activity

(learningActivity attribute), e.g. after the testin this paper we have shown how to generate theseou
(standard activity), the teacher gives the gradead(ng in the IMS LD format. But, the model enables getiega
activity). The relations among learning activitiese a course in any XML-based format. It is only neeegs$o

IMSLDHideAction IMSLDShowAction




implement appropriate successor classes that esipert the generated course is static — it contains aeseguof
content to desired format. predefined learning activities. This could be takena
drawback of our system. The system could be impgtdfve
So far the system is used for generating the eseourthe generated course chooses a next learning tadtivi
Numerical Algorithms and Numerical Software inthe real-time. A student would dynamically get arteng
Engineering at Faculty of Technical Sciences in Noviactivity depending on various parameters (instouncti
Sad. We applied three instructional strategies ardksign, student’s knowledge state, personal pretese
generated three versions of our course. A parh@fane ...). However, in this phase we have chosen to rgéme
of the generated IMS LD manifest files is shownisting only a static course because most of the popular e-

1. learning systems and e-learning standards don’te hav
support for dynamic courses. Another disadvantddle s
<imsl d: | earni ng-activity remaining in our system is that it doesn’'t consider
identifier="Iterativni_postupci_1"> student model, so the generated course is not
<insld:tit I.e> . . personalized.
Iterativni postupc
</imsld:title> o The system has been used at Faculty of Technical
= mz: ﬂ;lagF : ;"e:nylggifl”f AN Sciences in Novi Sad for generating the coltaenerical
' "iterativni _postupci res"> Algorithms and Numerical Software in Engineering
<imsld:title> which is presented as an illustrative example is plaper.
_ Iterativni postupci In addition, we have generated the cour¥éeb
</imsld:title> . . . .
<imslditens programming Our plan is to apply this e-course in the
</imsl d: acti vity-description> summer semester 2011.

</insld:learning-activity> . . .
Future work is concerned with analysis of the data

Listing 1. A part of the generated IMS LD manifé collected while the generated course is used in the
teaching process. Our short-term goal is to firel iost
The created course may be shown in any IMS LD p|aygppropriate instructional strategy for thumerical

and we used Reload LD Player [13]. A screenshdhef Algorithms and Numerical Software in Engineering
generated course is shown in Figure 8. course. Also, the plan is to create graphical tdols

defining input parameters. So far, we have creaed
graphical editor for defining course instructiordesign
and we are implementing a graphical editor of legyn
objectives management. Long-term goal is to develop
system supporting dynamic courses and containing a
student model as the input parameter. Using stiglent
knowledge state and personal preferences, thensyste
N . would generate a personalized e-course.
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