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Abstract—E-learning is a very dynamic field, constantly growing, which re-
fers to an educational content or learning experiences provided or made by
means of digital technologies. The development of this area has a direct impact
on the quality of education and cost reduction.

E-learning is now dominated by learning management systems such as
Moodle, to improve the interoperability of these systems; the use of data / re-
sources is a major requirement, this need to push the e-Learning community to
seek new approaches to improve this interoperability of systems. On the other
hand, semantic Web technologies offers standards like RDF allows to describe
Web resources with their metadata. We propose in this work an approach based
on Semantic Web technology to improve the interoperability of e-Learning sys-
tems like Moodle.

Keywords—Semantic web, RDF, E-learning, SCORM, interoperability, LRS,
LMS, Moodle

1 Introduction

In recent years, the field of interoperability of e-Learning systems had several suc-
cessive evolutions. Interoperability is mainly about allowing heterogeneous infor-
mation systems to work together to achieve a common goal. Initially, interoperability
was to build distributed or federated architectures where the main challenge was to
translate the data patterns of a source model into a target model. The interoperability
locks were numerous, we can cite the main ones such as syntactic heterogeneity,
schematic heterogeneity or the most recent, semantic heterogeneity. Each of these
locks has been the subject of numerous studies proposing architectures and tools
[17[2][3] which go from specific translators between pairs of models to the design of
metamodels, canonical models or supermodels to federate all the resources in a global
model. Each cycle of research on these locks has ended on the adoption by the com-
munity of a standard or standard of knowledge representation in this area of online
learning. One can quote the definition of TCP / IP for the resolution of the problems
of heterogeneity of the protocols of exchanges on networks [4], the definition of the
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XSD standard to address schematic heterogeneity problems or the XML standard to
address syntactic heterogeneity problems [5]. The only shadow in this cycle of stand-
ard adoption solutions is semantic heterogeneity. Semantics can be defined in this area
as the meaning of knowledge [6]. Semantic heterogeneity thus concerns a divergence
of understanding of an element that can be represented in a unique and common way
by cooperating information systems. This divergence of understanding leads to diver-
gences of treatment. Cooperation is quickly limited. The definition also of semantic
Web standards such as RDF and RDF (S) can be used to answer the problems of syn-
tactic and semantic heterogeneity of E-learning systems.

To address the semantic interoperability problem of e-learning systems or other ar-
ea, the community has set new standards. Semantic languages composed of operators
modeling and manipulating semantic graphs. These languages, such as RDF, form the
basis of what is currently called the semantic web. The semantic web aims to develop
a smart web where information is understood by machines. Thus, the notion of meta-
model and the notion of ontology. The ontology, initially defined in the field of phi-
losophy as: the study of being as being, represents, in our field of interoperability, a
model of representation of the meaning of the knowledge of a field [6].

To answer our turn to these locks, we wanted to deal with this problem of interop-
erability of e-learning systems from a new angle still untapped in the field of e-
learning. We wanted to establish a high quality of communication and sharing be-
tween the LRS and the CDN, or between the LRS and the LMS system to apply them
to the management and qualification of semantic data.

Our main contributions in this work are:

e The improvement of interoperability between e-Learning systems and in particular
their mobile extension using / based on RDF.

e The transformation of the file stored in the LRS (Learning Record Store) system
containing statements comes from the LMS system, this JSON file will be trans-
formed into RDF using the JSON-LD format [7].

2 Semantic Web and E-Learning Standards for Interoperability

The standards of content and online learning structure are established to ensure the
interoperability of e-learning systems so that access to sources of information such as
reuse of content or discrimination of subjects from different sources at different times
is possible [8]. Standards such as Advanced Distributed Learning (ADL SCORM [9])
have been widely implemented and adopted, so that standards have been implemented
to provide data models and communication protocols conforming to have an interop-
erable content between e-learning systems.

When these standards are incorporated into online learning systems, users can cre-
ate and use content from multiple systems from different vendors, knowing that they
will work effectively together based on their quality and relevance [9]. One of the
great challenges of e-learning systems is the exchange of data between different sys-
tems.
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Recent Developments in e-learning interoperability standards, learning design and
other research on the pedagogy of semantic e-learning have presented an inclination
of Semantic Web technologies to encourage learning services focused on the learning
content aware services and personalized [10-12]. Technologies based on ontologies
and intelligent agents should support the processing of semantic information on the
Semantic Web [13]. Most learning management system are currently working in a
closed system. Some systems still use their own framework for learning the descrip-
tion of the content, instead of adopting the interoperability standard. The concept of
course, student, pedagogical resource, summary or class must be formally described
to be shared between all the systems of an educational institution [10-13].

These interoperability issues affect the flexibility of the teaching-learning process
and result in decreased end-user satisfaction and learning success.

2.1  Next generation of SCORM: xAPI and CMIS specifications

In its development, the SCORM standard [9] is characterized by the use of XML
technology, to define the structure of the course in its first versions as well as the use
of metadata to determine the details of the content, while the SCORM specification
2004 and in particular, brought two more important aspects to avoid any ambiguity in
later versions; Navigation and sequencing to verify compliance and interoperability in
learning environments [14].

The evolution of SCORM has been extremely positive and does not end in the
2004 version [14], but it lacks good practices in terms of the means and mechanisms
for exploiting tracing data and tracking learning experiences and does not support the
features and services that learners can take their courses in mobile applications.

With the technological development of interoperability standards, portals and
learning systems and applications need to track their learning experiences and activi-
ties. Tin Can API is an open source standard, recently modernized to replace SCORM
(Sharable Content Object Reference Model). In 2013, the third version of Tin Can
API formalized under the name Experience API or xAPI and part of the Training
Learning Architecture (TLA) [15]. It is a Representational state transfer (REST) web
service based on JavaScript Object Notation (JSON) for its data format. XAPI is a
specification that produced an application program interface (API), which captures the
learning data in the stream and stores them in a repository in the form of “statement”
objects using the following structure:

<actor> <verb> <object>, with <result>, in <context>
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{
"actor": {
"name": "Sally",
"mbox": "mailto:sally@example.com"
}.
"verb": {
"id": "http://adlnet.gov/expapi/verbs/completed",
"display": { "en-US": "completed" }
}e
"object": {
"id": "http://example.com/activities/solo-hang-gliding",
"definition": {
"type": "http://adlnet.gov/expapi/activities/assessment”,
"name": { "en-US": "Solo Hang Gliding" },
"extensions": {
"http://example.com/gliderClubIld": "test-435"
}
}
}e
"result": {
"completion": true,
"success": true,
"extensions": {
"http://example.com/flight/averagePitch": 0.05
}
}e
"context": {
"extensions": {
"http://example.com/weatherConditions": "rainy"
}
}
}

Fig. 1. Representation JSON of a xAPI statement.

xAPI is selected from the reviewed and compared specifications xAPI, Activ-
ityStrea.ms [16], IMS! Caliper [17], CAM? (which is an early approach to capturing
and storing attention metadata for single users), NSDL paradata® (defined to capture
aggregated usage data about a resource which is designated by audience, subject or
education level) and Organic.Edunet format [18] (to store social data provision activi-
ties and designed in an extendable way, so other user activities) for communication
between heterogeneous learning environments in a major contribution that was pub-

lished [19].

CMI-5 [14] is a set of rules with the use of xapi protocol (or profile xapi) which is
intended for scenarios launch contained within a learning management system. It is

[1IMS Global Learning Consortium
(2] Contextualized Attention Metadata
B3] National Science Digital Library Paradata
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indispensable to know that XAPI as it is does not replace SCORM, because it is only
responsible to match the learning experience with an LRS (learning record score) to
LMS. In addition, the set of rules includes some verbs: Launched, Initialized, Com-
pleted, Passed, failed, Abandoned, and Terminated. They are used to match the learn-
ing content (AU) with an LMS, and correlate its data with the Learning Record Store
(LRS), which is considered as a communication path between the Learning Manage-
ment System (LMS) and the AU* (Fig. 2).

Fig. 2. CMI5 Communication Paths

2.2 Semantic web in E-learning

Some studies have been conducted to verify that the LMS is complete in university
[20][21][22]. Previous research used the concept of synchronization between learning
media in LMS. However, students can not attend classes at another university. Only
the administrator can synchronize. On the other hand, lifelong learning networks must
be able to connect some LMSs without any access restrictions for users.

Semantic Web technology and the use of ontologies are able to provide the com-
puter semantics and interoperability required for task automation in the learning man-
agement system [21].

The Semantic Web is a set of standards, data structures and software that enhance
the online experience in a more detailed and intelligent way [22]. The Semantic Web
offers students the ability to get rich content related content on their desktop without
identifying or explicitly asking for it. However, studies on the interoperability of
learning management systems in the Semantic Web have not been fully exploited.

The main model of our Semantic Web research is layered architecture. The layered
architecture comprises a number of hierarchically organized layers, as in Fig. 3. It can
take many forms, such as the pyramid shape, the circular shape and the shape of the
tower, as in the Semantic Web. Each layer provides a service to its top layer and
serves as a client to the lower layer. This type of architecture depends on the sequence
of incremental steps, which means an increasing level of abstraction: if the function of
a layer changes, it means that two other layers can be affected. The most famous ex-
ample of layered architecture is ISO (International Organization for Standardization)
and OSI (Interconnected Open Systems) [23].

The four semantic Web architecture versions created by Tim Berners-Lee are ex-
plained in many research articles. To do this, we present and explain only the latest
version that consists of four layers are needed, as shown in Fig 3.

I Assignable Unit (Data)
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I User interface and applications I

Omoiogles Rules: |
Querying: OWL RIF/SWRL
SPARQL
I Taxonomies: RDFS I
I Data interchange: RDF I

Syntax: XML

Identifiers:  URI Character Set: UNICODE

Fig. 3. Semantic Web Stack

e The XML layer, which represents the data

e The RDF layer, which represents the meaning of the data

¢ The ontology layer, which represents the formal common agreement on the mean-
ing of the data

¢ The logical layer, which allows intelligent reasoning with meaningful data

The Semantic Web is an extension of the current web in which information is asso-
ciated with a well-defined meaning that improves the ability of computers and people
to work cooperatively. The purpose of this Web, also known as Web 3.0 [23], is to
describe a method for exposing, sharing and connecting data via URIs on the WEB.
(A URI, Uniform Resource Identifier, is a short string of characters that identifies a
resource on a network)

As a result, our efforts must be focused on improving existing indexing tools, while
focusing on the acquisition of new data based on RDF schemas.

3 A Semantic Web Solution to Enhance The Interoperability of
E-learning Systems

3.1 Approach

Our approach is to ensure better semantic interoperability at the LRS to store the
interactions that come from the LMS, the use of RDF with its structure of Triple (Sub-
ject, predicate, object) offers a better management of traceability of the LMS logs and
also to ensure the high availability of these data, and a content interoperability im-
provement between learning systems mentioned above by using RDF / XML [24] is a
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very good means of communication and information sharing. For Web resources:
Courses, Image, Document etc., are identified by a unique URI.

This approach with their features will apply on our web service architecture (Fig.
4) that was previously designed based on the next generation of SCORM [25] to im-
prove the interoperability of e-learning content.

MTEP RESTI Request

I- WITP BESTI Responne

|
.- .
|
‘ [
}
-3
|
<

A

Fig. 4. SOA architecture for interoperability of LMS and mobile applications [25]

3.2  JSONtoRDF TransLRS system

To transform our JSON file into an RDF document, we can use a mapping tool
named JSON-LD [26]. After adding JSON-LD context to JSON data, we can easily
reinterpret this data as an RDF document that contains RDF triples, the principle of
this context is the mapping of JSON attributes into RDF properties. The figure Fig. 5
demonstrates the transformation architecture from JSON to RDF document using the
JSON-LD mapping tool

G S

son|—> {8 —>

JSONtoRDF TansLRS

Fig. 5. JSON2RDF TansLRS architecture

In this paper, we present a conversion module called JSON2RDF TransLRS, with
the goal of transforming JSON formatted statements into an RDF document at the
heart of the LRS system. We tried to transform an example of a video statement from
the LMS into JSON format. The figure (Fig .6) shows the JSON2RDF TransLRS tool
window.
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~ JSON2RDF TransLRS
JSON Document

[
%
l%,\“m‘ “httn/Mis 7encdn neth/oceans mnd”
-«

“actor™: {
“mbox: "mailto;jih@example.com”,
“name”. "Video User",
“objectType™ "Agent”

3

verb™ {

“id”: “http/adinet goviexpapiverbsinitialized”,
“display™ {

“en-US™ "initialized”
}

3

“timestamp”. "2018-08-07715:27:52.365Z",

“object” {

“definition™: {
“type™: “hitps:/Aw3id.orgiapiNideo/activity-typeNideo”,
“name™ {
“en-US" "Ocean Life”
h
“description™ {

“en-US™ "A short video clip of ocean lifeforms, used by videojs.com as part of their demo.”

}

J»

¥

<actor, mbox, mailto;jlh@example.com>
<actor, name, Video User>

<actor, objectType, Agent>

<verb, id, http/adinet

<verb, display, en-US>

<en-US, type,“initialized™
<timestamp,2018-08-07T15:27:52.365Z object>
<object, type, hitps:/w3id.org/xapiM ivity-typ
<objectname,en-US>

<name,en-US,Ocean Life>

Convert
RDF Document

<object, description A shortvideo dlip of ocean lifeforms, used by videojs.com as part of their demo.>

<X J

|v
T

Fig. 6. Screenshot of the JSON2RDF TransLRS tool window

The following figure (Fig. 7) shows the JSON2RDF TransLRS transformation pro-
gram developed in Java and thanks to the object-oriented functionality, we can allow
to create modular programs (dividing a program into separate subroutines) and reusa-
ble code and also the functionality platform independent that allows us to easily
switch from one computer system to another.
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£ ~/Desktop/JSON2RDF.java .
package json_rdf;
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*
* @author BAKHOUYI Abdellah

*/

public class JSON2RDF {

private static final Object close = new Object();
private static final int writeSpaceCount = 1;

public
public
public
public
public
public
public
public
public
public
public
public
public
public
public
public
public
public
public
public

private final ByteArrayOutputStream buf = new ByteArrayOutputStream();
public Json() {ad}

static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static

final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final

byte[] NULL = new byte[]{'n', 'u', 'U',

int NULL_LOWER = 'n';
int NULL_UPPER = 'N';
int TRUE = 't';

int TRUE_UPPER = 'T';
int FALSE = 'f';

int FALSE_UPPER = 'F';
int COLON = ':';

int COMMA = ',";

int LEFT_BRACKET =

int LEFT_BRACE
int RIGHT_BRACKET
int RIGHT_BRACE
int STRING = '"';

int SP = ' ';
int BS = "\\';
int CR = 13;
int LF = 10;
int EOF = -1;

byte[] EOL = new byte[]{CR, LF};

private Map createEmptyMap() {a»}

'y

public void write(PrintStream out, Object obj) throws IOException { a@» }

public void write(PrintStream out, Object obj, boolean format) throws IOException

{a»}

private synchronized void write(PrintStream out, Object obj, boolean format,
int depth) throws IOException { a»}

public Object read(InputStream in) throws IOException { a» }

public synchronized Object read(InputStream in, Charset charset) throws IOException

{a>}

private void writeMulti(PrintStream out, Object key, Collection value, boolean format,
int depth) throws IOException { a»}

private boolean isRegular(int b) {a»}

private String unescape(String str) {a»}

public static String escape(String str) {an}

private void writeSpace(OutputStream out, int spaceCount) throws IOException { o}

private void writeBreak(OutputStream out, int spaceCount) throws IOException { a»}

public static Json getInstance() {a»}

public Object read(byte[] b) throws IOException { a»}

public static class DuplicatedKeyList extends AbstractList { o}

class Finish { a0}

Fig. 7. Screenshot of the JSON2RDF TransLRS program summary
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4 Conclusion

Improving interoperability between e-learning systems and their mobile extension
is really needed. It will help users access the content and features of the learning man-
agement system via mobile devices. According to this article, content standards have
a very effective role in ensuring the interoperability of learning systems and, in par-
ticular, most standards have an important perspective including the next generation of
SCORM. On the other hand, it is necessary to base on a very intelligent standard
which has not been generally exploited, it is the Semantic Web to have a better in-
teroperability of the management systems of the more robust learning. For the reasons
mentioned above, This article aimed at designing a Semantic Web technology-based
approach that aims to transform JSON format declarations into RDF format by using
the JSON-LD mapping tool, which statements come from the LMS and store in the
LRS system to improve the interoperability of e-learning systems such as Moodle and
their mobile extension. In particular, we took the case of videos as type of activity in
the statements.

We have seen that this architecture will always be in development and in perspec-
tive. In the future, more research is needed using semantic interoperability to further
develop e-learning systems and their mobile extensions by integrating new technolo-
gies that will enable learners to easily access to the gigantic learning resources learn-
ing, as well as helping teachers and administrators to perform statistics and reports-
from no-SQL data and integration object smaller than the mobile (Internet of Things
IoT).
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