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Abstract—This paper describes an approach to creating and
refining e-learning contents. As mobile devices such as smart
phones become popular, learning can be conducted without the
constraints of time and place, and the learning activity may
become fragmented into many small learning sessions. In such
microlearning activity settings, e-learning contents tend to be
small making it easier to create contents by the collaborative
efforts of many people. In order to facilitate such collaborative
creation activities, we make use of the framework of a domain
ontology and propose an interactive refinement process for when
a problem is found in its contents. In addition, by letting learners
participate in the refinement process of the domain ontology, the
learning activity is expected to be more effective.
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next section discusses some related works, and Section I
presents the data model for the proposed e-learning contents.
Section IV describes the refinement process of the domain
ontology and e-learning contents, and Section V presents the
prototype implementation. The final section concludes this

paper with directions for future works.

Il. RELATED WORKS

The hot topic ofcrowdsourcingis a method to harness
collaborative human efforts [4]. CrowdLearn is an approach
to apply the concept of crowdsourcing to the creation of
educational contents [5]. It aims to create educational contents
that follow the Sharable Content Object Reference Model

(SCORM), a collection of standards and specifications for
web-based e-learning. Contents are created collaboratively
by using the SlideWiki [6] platform. This system has been
As high-speed Internet environments become ubiquitouglurther extended to handle personalization and multilingual
Massive Open Online Courses (MOOCs) [1] are becomingontents [7]. The primary function of CrowdLearn is to make
increasing popular. Mobile devices such smart phones alloitll-fledged e-learning content; however, this paper targets e-
users to learn almost anytime and anywhere. Microlearning [2]l€arning contents used in more casual settings.
where small contents are often used in a learning activity, is Related to the ontology refinement in e-learning settings,
attracting much attention. For example, mobile phones weréhere is a system for learning a concept map [8] using a
utilized for microlearning interactions to rehearse names angame-like tool calledTermina[9]. In a concept map, terms
faces for a social event [3]. that represent a particular concept are linked to other terms
It usually takes considerable effort to create e-learning€presenting other concepts. Making a learner aware of the
contents, involving many human resources. When the powetoncept map of the target domain provides an opportunity to
of a large group of people is utilized, as is often seen in areéarn the target domain in more depth. Since a concept map is
Internet environment (e.g., the Wikipedia project), smaller erelated structurally to a domain ontology [10], refinement of
learning contents are easier to handle. the domain ontology by a learner can contribute to the learner’s
In this paper, we focus on content creation by a largdearning experience in a similar way.
number of people. In order to produce high quality contents,
we propose an approach to refining the contents. The refining
process is conducted interactively between a user and a system, We use Linked Data [11] as an underlying data model for
and is initiated when a problem is found in the contentspresenting e-learning contents. Linked Data is based on the
In order to extract necessary information from a user to fixResource Description Framework (RDF) [12], which is the
the problem, the system produces a list of choices using thstandard in the Semantic Web. A Uniform Resource Identifier
domain ontology, from which a user selects the appropriatéURI) is assigned to a thing that is represented, and the data
one. By aggregating answers from many users, we can obtaia represented as a triple consisting of the subject, predicate,
useful information to refine either the contents or the domairand the object.
ontology. When the user is a learner, this interaction process An example of a simple learning content is shown in
can also contribute to the learning experience. Fig. 1. This figure shows a multiple choice type quiz tar-
In addition, in order to achieve an effective learning pro-geted at studying the JavaScript programming language. It has
cess, (micro-) contents need to be presented in accordance witigs that correspond to the contents of this qex:for
the context of a learner. Acenariois introduced, which is ex:javascript ), which indicate that this quiz is related
created for each learner in the learning activity, and executetb the for command sentence in the JavaScript programming
so that proper contents can be shown to the learner. language.
The remainder of the paper is structured as follows. The Since we assume that the contents are basically of small
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:multiple_choice_question "Exercise 001"

rdf:type

Figure 1. Example exercise

If the user selects a particular topic, sagntrol structure the
exercise related to the topics undmntrol structurewill be
selected.

In addition, the context of the user, such as their level
of understanding, is taken into consideration to finalize the

— 07 scenario. For example, if the user is a beginner, the scenario
I i will be finalized with a link to the beginner-level exercises.
Learning As with a subroutine in a programming language, a

Material scenario can be invoked from another scenario, creating a

hierarchical structure of scenario execution. For example,
the scenario that presents the e-learning contentsonfrol
Figure 2. Scenario creation and execution structureto a user may invoke another scenario to present the
contents corresponding to the topic ibf After its execution,
another scenario presenting the contents of the topifoiof
] ) for example, may be invoked.
size and Independent of e'a.Ch Other, the context of the user When a scenario is executed, all the scenarios that may be
(learner) needs to be considered when contents are presenigigoked are not necessarily instantiated from the beginning; a
to the user. The context of the user includes the kind of learningcenario is instantiated just before it is invoked. In the above

contents they have studied .and to what extent th'ey.understalaamp|e, the scenario fdor will be finalized 0n|y when the
them. In order to tackle this problem, a scenario is createdgpic of for is presented.

according to which the learning contents are presented to the
ex:template_01

user. A given scenario is created based on a template scenario,
‘template
"FOR loop lesson"

Part of an example domain ontology is described as shown
in Fig. 3. In this example, the concept obntrol structureis rdf:type
represented, under which concepts suchfasvhile, for, or ex:scenario_01
switchare defined.

along with the domain ontology and the user’s context (Fig. 2).
rdfs:label

"Control Structures"

Conar]

rdfs:label

rdfs:label

o | [uhier ]

Figure 4. Example of an instantiated scenario

Figure 3. Part of example domain ontology

An instantiated scenario is a collection of links to the e-
A scenario template is intended to be used to define atearning contents. A simple example scenario of a learning
overall flow of presenting e-learning contents to a user. ltsession regarding thHer loop is shown in Fig. 4. Fig. 5 shows
is selected based on the intention and situation of the usea serialized RDF representation in Turtle syntax of the example
The selected scenario template is then instantiated with the@epicted in Fig. 4.
domain ontology. For example, if the user intends to study the In this example scenario, the exercise representeexby
JavaScript programming language, its domain ontology is use@xercise_001 s presented first. The exercise presented to
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ex:scenario_01 rdf:itype :scenario ;
‘template ex:template_01 ;
rdfs:label "FOR loop lesson” ;

JavaScript programming language. Let us suppose that there is
an exercise regardingtarnary operator(conditional operator),

-start which is described usin@: . This operator is similar to the
[ :exercise ex:exercise 001 ; if-then-elsecontrol structure in the sense that an expression
next [ :if ex:condl ; written with a ternary operator can be expressed in ithe
ithen [ :exercise ex:exercise_002; then-elsecontrol structure. If the exercise related to the ternary
next _:s01 ; ] ; operator appears during the learning session of diwetrol
:else [ :exercise ex:exercise_003; structure it should be treated as an error. For the sake of the
. inext _:s01 5 ] 5 example, let us suppose that the concepteohary operator
I is defined as a sub-concept abntrol structure In this case,

I

end ‘sl the cause of this error is an incorrect structure in the domain

ontology. The best possible fix would be to change the upper
Figure 5. Example scenario in the Turtle representation concept ofternary operator The system would preser]t a list
of concepts at the same level@mntrol structurefrom which a
user can choose the proper upper concepefary operator
] . When the user selects, saperators the concept oternary
the user nextex:exercise_002  orex:exercise_003 )  operatorwill be changed to a sub-concept operators With
depends on its result. this modification, an exercise tagged wignary operatomill

IV. CONTENT AND ONTOLOGY REFINEMENT no longer be shown under the topic adntrol structure

Bas_ed on the d_ata model_presented above, the tag to the Refinement Process
e-learning content is automatically attached as follows. First,

using a morphological analyzer. Then, the extracted keywords §

—t

keywords are extracted from the sentences in the contents,

are compared with a label of the concepts in the domain
ontology. A tag represents a concept defined in the domain

Reports a problem

ontology. loop j

Tag information is viewed when learning contents are Presents a choice list
searched for. Thus, the correctness of the tag is important.
When an incorrect tag is found by a user (a teacher or a Reply

student), a refinement process is initiated. This refinement
process is basically an interactive process between the user
and the system. When an error is detected, the system finds
modifications that are needed to fix the problem (Fig. 6). aU

[OK]
An error P breakj
is found. :> Generation of a " Doman | Confirmation
Conversation Script <:|

Ontology
v

Shows the
recalculated result

Multiple ING]
Conversations ‘ @ ‘ ﬁ Reports an error
Question Aggregation
| System of Answers — L]
8 — | Figure 7. Interaction between a user and a system
Answer

Figure 6. Refinement of the domain ontolo . .
g ¥ If the user is a teacher, the update to the domain ontology

is performed immediately. If the user is a student, the update
Let us suppose that the cause of the problem is an incorrei@ not immediately made to the domain ontology. Instead, a
domain ontology. Since the domain ontology is also repretemporary area is set aside to store the update of the domain
sented as an RDF graph, the problem stems from an incorreentology. After the answers from multiple users are aggregated,
or missing link. In order to identify the cause of the problem,and the majority of users concur, the change is made to the
the system tries to obtain the information necessary to fix thelomain ontology itself.
problem from a human user. This is done by first presenting
a choice list to the user, from which the user is expected to V. IMPLEMENTATION
select the appropriate answer. From the information provided The system itself can be divided into two parts: content
by the user, the system recalculates the tag and presentsciteation and refinement, and content presentation to the user.
to the user. If the user confirms the revised tag, the proces&s mentioned before, the e-learning contents are represented
terminates; otherwise, the system tries to find another set afsing the RDF. In the prototype system we are currently
choices to present to the user. Fig. 7 represents this sequencgplementing, we use the Fuseki server of the Apache Jena
in a Unified Modeling Language (UML) diagram. project [13] as a back-end RDF store. As for the front-end
Let us consider a simple example in the domain of theWeb server, we use Node.js, which handles user authentication
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among other things (Fig. 8). Basically, e-learning contents ar@rogramming languages such as JavaScript. In addition to typ-
stored in the RDF store. The RDF query and update languageal educational contents, we are also considering transferring
SPARQL [14] is used to retrieve and update the contents fronother types of knowledge. For example, we have implemented
the Web Server using HTTP. The user interface is implemented FAQ knowledge base for troubleshooting often needed in
using HTML and JavaScript. In order to push data fromrental apartments [16]. The proposed framework is intended
the Web server to the browser, we use WebSocket—mort take care of such kinds of knowledge contents in future

specifically thesocket.iolibrary—for easier implementation.

RDF Store (Fuseki)

Context

Domain Learning Scenario
Ontology Contents Template
T
‘ emporary ‘ ‘ User ‘ ‘ Scenario ‘

(ontology)

(1
"""""""" teacher |
| [2]
Browser Browser Browser
3
2 8 )
@ B e |
. . . . [4]
Figure 8. System implementation overview
[5]

As for the content creation and refinement, we consider
the user and the system assaftware agentand define an
agent interaction protocol [15] for the refinement of the domain
ontology and e-learning contents. The interaction protocol is(®l
executed cooperatively by the programs at the Web server
and the browser. Since WebSocket is used for communication
between the Web server and a browser, bi-directional commu-
nication can easily be implemented. [7]

As for the contents presentation, the system implements an
engine that executes a scenario such as the one shown in Fig. 5,
According to the user’s context, a scenario template is selecte
and instantiated dynamically using a domain ontology. The
instantiated scenario is stored in the RDF store and retrieveqg
using SPARQL query language.

The execution of a scenario is conducted cooperatively by
a Web server and a browser, and is specified as an interacti?]
protocol between the system and the user. In microlearning
settings, the execution of a scenario will likely often be
interrupted as the situation of a user changes dynamically. T
execution status will be stored at the Web server so that, when
the user restarts the learning session, the interrupted executipn,
of a scenario can be resumed. Alternatively, the user may
choose to initiate a complete new learning session.

13
VI.CONCLUSION AND FUTURE WORK 1)

This paper presents an approach to supporting the creati(i5[14]
and refinement of e-learning contents. Since the main targ
of the proposed system is microlearning, we mainly conside 15]
creating smaller, independent contents. In order to provide
a coherent learning experience while utilizing independent
contents, we also consider a scenario by which the learningse]
contents to be presented can be specified.

Currently, we are implementing the environment for educa-
tional content creation and playback described in Section V. As
for the contents themselves, we are working on the domain of
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applications.

Regarding future directions, we plan to diversify and extend
the interaction protocols available to deal with refinement of
domain ontologies and learning contents. Using the extended
interaction protocols, we also plan to evaluate how effectively
learner’s participation contributes to the refinement process
from the viewpoint of the learner’s experience.
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