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Abstract. Currently, a Learning Management System (LMS) pkyentral role
in any e-learning environment. These environmerthide systems to handle the
pedagogic aspects of the teaching-learning prodess specialized tutors,
simulation games) and the academic aspects (@deatc management systems).
Thus, the potential for interoperability is an im@mt, although over looked,
aspect of an LMS system. In this paper we make mapaoative study of the
interoperability level of the most relevant LMS.

We start by defining an application and a spedificemodel. For the application
model, we create a basic application that acttaslgrovider for LMS integration.
The specification model act as the API that the LBI®uld implement to
communicate with the tool provider. Based on resesmrave select the Learning
Tools Interoperability (LTI) from IMS. Finally, wecompare the LMS
interoperability level defined as the effort maderttegrate the application on the
study LMS.
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1 I ntroduction

Interoperability is the ability of different compmutsystems, applications or services
to communicate, share and exchange data, informatid knowledge in a precise,
effective and consistent way [1]. In the e-learniaglm, interoperability is one of
the most important aspects during the construafoan e-learning environment.
Usually, system designers identify the environmmeqtirements and select the tools
needed to achieve the proposed objectives. Howmaary times it is forgotten, that
environmental tools may need to interact with ezttler due to several reasons such
as, implement a Single Sign-On system (SSO), hal®pen Archives Initiative
Protocol for Metadata Harvesting (OAI-PMH) from tigdy repositories or, even,
personalize the frontend graphical interface wititadfrom a recommendation
service.



Nowadays, a learning environment includes a pletbbsystems and services that
need to communicate to fulfil goals. One of the tiimgportant and central systems
are the Learning Management System (LMS). Sti#h, tMS cannot afford to be
isolated from other systems in an educationaltingin. Thus, the potential for
interoperability is an important, although frequemverlooked, aspect of an LMS
system [2].

In this paper we make a comparative study of ttexaperability level of the most
relevant LMS. This study is part of an effort tdes¢ an LMS on which to base the
development of an e-learning environment for tleehéng-learning process on the
computer programming domain. We chose several L&ffslors that combined have
a significant share of the LMS market. We analyse \@lidate the interoperability
features of these LMSs based on two models: spatidn and application models.
The former presents the Learning Tools Interopétalfi T1) specification defined
as an API for the standardization of the commuigoabf LMS with external
applications. The latter, provides the guidelinesthe integration of an external
application using the specification model. In thelff section we draw conclusions
on the results of this study.

2  Thespecification model

A common interoperability standard that is increghbi supported by major LMS
vendors is the IMS LTI specification. The IMS LTigvides a uniform standards-
based extension point, allowing remote tools amderd to be integrated into LMSs.
The main goal of LTl is to standardize the proaddmuilding links between learning
tools and the LMS. There are several benefits fusing this approach: educational
institutions, LMS vendors and tool providers by adig to a clearly defined
interface between the LMS and the tool, will deseeaosts, increase options for
students and instructors when selecting learnipfjagiions and also potentiate the
use of software as a service (SaaS). The LTI h&sy3concepts [3]: the Tool
Provider, the Tool Consumer and the Tool Profile.

The tool provider (TP) is a learning applicatioattruns in a container separate from
the LMS. It publishes one or more tools througH fmofiles. A tool profile is an
XML document describing how a tool integrates vattool consumer. It contains
tool metadata, vendor information, resource andigvandlers and menu links. The
tool consumer (FC) publishes a Tool Consumer Rr@&ML descriptor of the Tool
Consumer’s supported LTI functionality that is rdadthe Tool Provider during
deployment), provides a Tool Proxy Runtime and eggdhe LTI services.

A subset of the full LTI v1.0 specification call&®S Basic LTI exposes a single
(but limited) connection between the LMS and tha pyovider. In particular, there
is no provision for accessing run-time serviceshiem LMS and only one security
policy (OAuth protocol) is supported. For instantegxport content from Moodle
to Mahara using the Basic LTI, the teacher (or Llsl@ninistrator) must first



configure the tool (Mahara) as a Basic LTI tooltlie course structure. When a
student selects this tool, Moodle launches a Mabesaion for the student. The web
interface for this session can either be embeddédadodle’s web interface as an
iframe or launched in a new browser window.

In March 2012 IMS launched the LTI v1.1 (final viery merging both
specifications (Basic LTI and LTI). This versiortindes updates and clarifications
as well as support for an outcomes service andduititbnal communication support.
This version also includes the support for an au&es service based on a subset of
the IMS Learning Information Services (LIS) - thé&llBasic Outcomes Service.
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Fig. 1. Specification model based on IMS LTI

The LIS specification is the definition of how syists manage the exchange of
information that describes people, groups, memljgssitourses and outcomes
within the context of learning. Figure 1 shows hitvw bidirectionality of the LTI
specification is performed. The TC provides laudata with LIS pointers to the TP.
It is not required for the TC to provide these g&rs. The LIS services could even
be provided by a third system such as a Studeatrirdtion System. Then, the TP
calls the LTI Basic Outcomes Service if availablbe service supports setting,
retrieving and deleting LIS results associated wathparticular user/resource
combination. The following functions are supported:

» The replaceResultRequest sets a numeric grade 1009 for a particular result;
» The readResultRequest function returns the cugmete for a particular result;
» The deleteResultRequest function deletes the doadeparticular result.

LTI v2 has been under development for several yaadsin July 2013, the CC/LTI

APMG approved a revision to the LTI v2 Public Draftd replaced the early public
draft released in November 2012. The LTI 2.0 sufgptwo types of connection

defined between the Tool Consumer and the Tool itkeovmessage-based and
service-based. A message-based connection invaoheesuser with data being

transferred as a signed HTTP POST request vialtheivser.



3  Theapplication model

The application model defines the guidelines far thtegration of an external
application (tool provider) with an LMS (tool comsar). The integration relies on
the LTI specification. The LTI specification recorantds REST as the web service
flavour for exchanging data between the LMS aneéree tools. The LTI functions
are summarized in Table 1.

Table 1. LTI functions.

Function REST

Launch POST APP_URL < LTI_PARAMETERS

ReplaceResult POST LIS_ OUTCOMES_URL < LIS_SOURCE+IBRADE
ReadResult POST LIS_OUTCOMES_URL < LIS_SOURCE_IBRADE
DeleteResult POST LIS_ OUTCOMES_URL < LIS_SOURCE_ID

The Launch function allows the execution of a particular ems# application
within the LMS. Before the launching, two stepsraguired: 1) the teacher (or LMS
administrator) should configure the applicatiomagxternal tool in the LMS control
panel by setting the name and the URL of the aatitin; 2) the teacher should add
an activity into the course structure referringhie external tool. Later on, when a
student selects the external tool, the LMS usesURé& to launch the external
application through an HTTP POST. This requestithes a set of launch parameters
(LTI PARAMETERS) as hidden form fields.

Listing 1 shows a subset of the launch paramekatsthe LMS (Tool Consumer)
sends to the external application (Tool Provider).

resource_link_id=2

resource_link_title = MathGamify

lis_person_name_full= Silva Rui
lis_result_sourceid={"data”:{"iid":"1","userid":"2" B
lis_outcome_service_url=http://server:8080/service. php
custom_game_level = 3

Table 1 also refers to three functions includeth IMS LIS Outcomes Service.
These functions use tlie_result_sourceid parameter included in the launch
request that is unique for every combinationrefource_link_id luser_id
parameters and identifies a unique row and coluitimmthe TC gradebook. After
computing a grade, the external application caksliTl Basic Outcomes Service
using the URL stated in this_outcome_service url launch parameter. The
service supports setting, retrieving and deletifd I& results associated with a
particular user/resource combinatidis (esult_sourceid parameter).

One of the key components of this integration & ltAl Wrapper (created by the
authors) that implements both sides of the LTI camication. This component



receives LTI requests from LMS and issues LTI ratgi® LMS. This Java package
can be used by any application requiring LTI comitation. Both the LTI Wrapper
and the external application are supported by @ J&vvlet container [4]. The
following diagram shows the architecture of thel@mation model:
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Fig. 2. Application model based on the LTI Wrapper

A typical use case starts with a HTTP messageew by the LMS to the student’s
browser that starts an LTI request processed by Thevrapper (1). This request
start the external application (e.g. a course) len birowser where the students
interacts with the system. Finally, the resultsagi®d by the student in the course
are reported to the LMS using LTI (2).

4 Validation

In this section we evaluate the previous models sétven LMS. For this validation
a minimal external application was created - a gnmpultiplication game called
MathGamify. This game can be used by primary schddldren to learn
multiplication tables. MathGamify generates twodam numbers. The first number
between 1 and the current game level and the sezonter between 1 and 10. Then
the student/player has the opportunity to answemnthltiplication value of the two
numbers. The score is accumulated in the ratichefplayer's level until player
misses, in which case the score is reset to zéi® gdme was tested in seven LMS.
The results are presented in Table 2.



Table 2. LMS interoperability comparative study.

LMS Specification Model Application Model
Moodle YES YES
Blackboard YES YES *
Sakai YES YES
Dokeos NO NO
Desire2Learn YES NO
eFront NO NO
ATutor YES NO

Based on the previous table, and despite the suppdhe LTI specification by
several LMS, only Moodle and Sakai successfullytrmMathGamify game. The
Blackboard LMS (*) was able to launch the extegehe, but the grade results were
not received with success.

5 Conclusion

This paper presents a basic study on the LMS ip&zability facets. We defined two
models to base the study: the specification modsinds the communication
specification that LMS should support to interaghvexternal applications. Based
on previous studies, the LTI specification was empghe application model presents
the architecture environment for the integration esternal applications. This
integration is managed by a LTI Wrapper that englapss all the complexity of the
LTI API.

Based on these two models, seven LMS were chosérvaitated through the
integration of a LTI compatible game named MathGarAlthough, the majority
of the LMS support the LTI specification, only Mdedand Sakai were able to
communicate easily with the game and get the gresldts.
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