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Abstract. In recent years emerged several initiatives prechdty educational
organizations to adapt Service Oriented Architextu(SOA) to elLearning.
These initiatives commonly named elLearning Framksi@hare a common
goal: to create flexible learning environments Ibyegrating heterogeneous
systems already available in many educational titgins. However, these
frameworks were designed for integration of systgangicipating in business-
like processes rather than on complex pedagogioakpses as those related to
automatic evaluation. Consequently, their knowledgases lack some
fundamental components that are needed to modelgpgétal processes. The
objective of the research described in this papdo istudy the applicability of
eLearning frameworks for modelling a network of dregeneous elLearning
systems, using the automatic evaluation of progrengrexercises as a case
study. The paper surveys the existing eLearningnérgorks to justify the
selection of the e-Framework. This framework is cdégd in detail and
identified the necessary components missing frarkitowledge base, more
precisely, a service genre, expression and usaggelnfor an evaluation
service. The extensibility of the framework is égktvith the definition of this
service. A concrete model for evaluation of prograng exercises is presented
as a validation of the proposed approach.

Keywords: SOA, interoperability, eLearning.

1 Introduction

The architecture of eLearning platforms is movingag from centralised systems

towards decentralised networks of heterogeneoutersgs The types of systems
participating in these networks range from existih@arning systems to supporting
services for specialized tasks. These systems envitss may participate in several
learning processes that can be easily reconfigiar@deet changing requirements and
demands. We are particularly interested in networfksLearning systems providing

services related to the automatic evaluation ofyjnmming exercises. Networks of
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this kind include systems such as Learning Manageé@gstems (LMS), Evaluation
Engines, Learning Objects Repositories and Exer@&esolution Environments.
These types of systems have a completely differeritire. Some expose their
functions as web services, such as Learning ObjRefositories or the Evaluation
Engines. Others have their own web interfaces fodents and teachers, such as
Learning Management Systems. Some, as is the cilsdntegrated Development
Environment (IDE) that we intend to use as exerogswlution environments, were
not even designed to interact in the eLearningmmeamhd must be extended for that
purpose. Modelling a network with such heteroggnrisichallenging.

There are a number of eLearning Frameworks to &8aptice Oriented Architectures
(SOA) to eLearning promoted by educational orgaiina. These frameworks share
a common goal: to create flexible learning envirents by integrating heterogeneous
systems already available in many educational tutsins. However, these
frameworks were designed for integration of systgragticipating in business-like
processes rather than of complex pedagogical psesess those related to automatic
evaluation. Consequently, their knowledge basds dame fundamental components
that are needed to model pedagogical processes.

The objective of the research described in thispépto study the applicability of
eLearning frameworks for modelling a network ofdiegeneous elLearning systems,
using the automatic evaluation of programming eisescas a case study. The paper
surveys the existing elLearning frameworks to jystihe selection of the E-
Framework. This framework is described in detail adentified the necessary
components missing from its knowledge base. Thensibility of the framework is
tested with the definition of the missing composerit concrete model for evaluation
of programming exercises is presented as a vaidaif the proposed approach. The
proposed model reflects the experience gained byatithors with Mooshak and
EduJudge projects. Mooshak [2] is a contest managesystem for ICPC contests
that is being used since 2002 also as an e-Leatoniigin computer programming
courses. EduJudge [3] is a system developed fobliegathe use by Learning
Management Systems (LMS) of the collection of pamgming exercises of the UVA
on-line judgé. Both systems have automatic evaluation comporteatsif recast as
services could provide their functions to differges of e-Learning systems.

The remainder of this paper is organized as foliagstion 2 presents a survey of
the existing eLearning frameworks. Section 3 intices the e-Framework and its
technical model. In the following section we detailir contribution to the E-
Framework’s knowledge base with the creation okevise genre, expression and
usage model that comprises the definition of aduatin service. Then, we evaluate
the usefulness of this evaluation service by irgtigg it in a network of systems that
aims the automatic evaluation of programming esesi Finally, the paper
summarizes the current trends in elLearning framksvatevelopment and open
challenges for research.

1 Official Web Site, http://uva.onlinejudge.org/



2 elLearning frameworks

An elLearning framework can be defined as a speeidlsoftware framework. In the
eLearning field, this term has been associated satferal initiatives to adapt SOA to
elLearning. Based on Service Oriented Approachegf8]process of moving from a
framework to a working implementation can be defitiy four key conceptdroad
vocabulary describes all possible ‘services’ for a domain hswas elearning;
reference model combines these services for specific learning eaching
requirement;design specifies the use of standards and specificationsthese
combinations; andrtifact is an implementation (software, process, workflaf)a
design.

A Framework provides a vocabulary of Services (edigital repositories
services), from which a Reference Model (e.g. desgy content management) is
derived. A particular Design (e.g. repository maragnt application) is modelled
based on the Reference Model which is then impléedeas an Artifact.

Based on these key concepts, we group them inaabsind concrete frameworks.
While abstract frameworks provide a broad vocabulary and a reference maatel f
the development of eLearning systerosncrete frameworks provide also designs
and/or artifacts. In the remainder of this sectiwa,categorize eLearning frameworks
based on these groups.

Abstract frameworks aim only at the creation of specifications, reccengations
and best practices for the development of elLearsiygjems. We highlight three
initiatives belonging to this category, more prebjs the IMS Abstract Framework
[12,13], the Open Knowledge Initiative [10,11] atie IEEE Learning Technology
Systems Architecture [9, 10], in the chronologigaler of their first definition.

Concrete frameworks extend the goals of abstract frameworks by progda
complete service designs and/or components that lmanintegrated in actual
implementations of artifacts. We highlight four tiatives: E-Framework [17,18],
Schools Interoperability Framework [15,16] and Opémiversity Support System
[14]. Based on the previous grouping we made aesutwy categorize and to compare
the features of these frameworks. The followingifegtraces their evolution.

Concrete |
Frameworks ELF -3 EF
SIF v.2.3
Ouss v.2.0
IAF v.10
OKI v.3.0
Abstract IEEELTSA S
Frameworks
1995 2000 2005 2016

Figure 1 — Evolution of eLearning Frameworks.



The previous figure suggests that, in the last dectbe trend is the appearance of
the concrete frameworks rather than abstract fraomew It is worth noting that none
of the concrete frameworks we mentioned actuallylément artifacts. At most, these
projects include user contributed components, whaih be integrated in artifacts for
systems using the framework, but are not part®fthmework itself.

We also compare five of these frameworks regardingpact and maturity,
architectural models, adopted standards and usapgr

Tablel. elLearning Frameworks survey.

Facets Features LTSA OKI IAF SIF E-F
Creation date 1996 2001 2003 2003 2007
Impact and 1st version date 1996 2003 2003 2003 -
Maturity Last vers. Date 2001 2006 2003 2009 -
Cited projects - 3 - 37 4
Contributions inactive yes yes Yes yes
Architectural Main model layered layered layered flat layered
Models SOA yes yes yes Yes yes
SCORM
Content format - - - SCORM IMS CP
Adopted Metadata LOM LOM LOM LOM LOM,DC

SOAP, SOAP, SOAP,

Standards Web Service SOAP SOAP REST REST REST
Lo JAVA,
Lang. bindings - PHP, C# JAVA JAVA JAVA
User Framework users  ESV ESV IMS ESV ESV
Groups End users HE HE HE K-12 HE

From the previous table we can conclude that soamadworks have a very low
update frequency (IAF) for several initiatives amge of them is already inactive
(LTSA). The frameworks with the most recent updatee the E-Framework and SIF.
In the case of the E-Framework, it has been retgigreat amount of input from the
eLearning community. On the other hand, SIF isrtfwst widely used framework
with 37 cited projects in the project web site.

We also conclude that all frameworks adhere tordacoriented approach. Most
of them use the layered architectural model. 1a thodel components communicate
only with components in the neighbouring layers.phrticular, the LTSA has five
layers in its architecture, but only one layer {gys components) is normative. In the
flat model there is no restriction to the commutiara among components. The SIF
framework is a special case in applying this mcilete it uses a central component
(Z1S) that orchestrate all the communication betwagplications. These frameworks
use different main concepts to present their insteucture. OKI and IAF are an
exception since they share their main concepts;iwisi probably due to the fact that
these projects are cooperating [13].

In terms of standards we conclude that certaindstas are common to almost all
frameworks. For instance, LOM for metadata conté/&SDL for service description,
SOAP for web service and Java for language bindimegcommon to all frameworks.
Finally, we notice that Educational Software Verdd{ESV) are the most common
framework users, with the exception of IAF. IMS sigbe framework to develop



internal specifications (e.g. IMS Enterprise SeggicSpecification). Regarding
eLearning systems end users, the Higher Educdti&) $ector is the most targeted.

Based on this survey, we conclude that e-FramewandkSchools Interoperability
Framework (SIF) to be the most promising e-learrfragheworks since they are the
most active projects, both with a large numbemgflementations worldwide. In the
e-Framework we can contribute by proposing newisergenres, service expressions
and service usage models. On SIF we cannot maketyipe of contribution to the
abstract framework. However, we can contribute wiglw agents, such as learning
objects repositories.

3 TheeFramework

The e-Framework is arguably the most prominentaediag framework currently in
use. For this reason it was selected as basis doieling a programming exercises
evaluation service.

The e-Framework is an e-learning framework aimiig facilitate technical
interoperability within and across higher educatand research through improved
strategic planning and implementation processes. &framework is an initiative
that was initially established by the UK's Joinformation Systems Committee
(JISC) and Australia's Department of Education, Byment and Workplace
Relations (DEEWR). In 2007, the two founding partnavere joined by the New
Zealand Ministry of Education (NZ MoE) and The Natihnds SURF Foundation
(SURF).

The e-Framework has a knowledge base to supportedisnical model. The
technical model of the e-Framework aims to fad#itaystem interoperability via a
service-oriented approach [11]. The model provittes following set of technical
components enumerated in Table 2.

Table2. Technical Model.

Components Description User role

Service A collection of related behaviours thatNo technical expert
Genre describe an abstract capability. (e.g. IT Manager)
Service A specific way to realise a service genre with Technical expert
Expression particular interfaces and standards. (e.g. Developer)
ServiceUsage The relationships among technical components Domain expert

M odel (services) used for software applications.  (e.g. Business Analyst)

A service genredescribes a generic or abstract service expressedrins of
behaviours (e.g. authenticate, harvest, searchkevice genre specifies what a
service should do without specifying how it shouldrk. This type of component is
usually described by IT Managers without any techinknowledge.

A service expression is a realisation of a single service genre by dpeation of
exact interfaces and standards used. Since thipaoent covers various technical
aspects is more suitable for programmers.



A service usage model (SUM) describes a model of the needs, requirements,
workflows, management policies and processes wihdomain. Hence, the expected
candidates to formally describe SUMs are those With domains’ knowledge. A
SUM is composed of either service genres or seexpeessions, but not a mixture.

Other components such as specifications and stdsideug. IMS Metadata, LOM)
are used by service expressions but are not afswedéyy the e-Framework.

4 Evaluation service description

In this section we contribute to the E-Frameworkhvihe definition of an evaluation
service. The purpose of this type of service ibg¢aused by an Evaluator to mark and
grade exercises in computer programming coursedraptbgramming contests. By
exposing its functions as services a programmingraese evaluator is able to
participate in business processes integrating réifte system types, such as
Programming Contest Management Systems, Learninqhalylanent Systems,
Integrated Development Environments and Learning@MRepositories.

The contribution is composed by a service genregmice expression and a
service usage model.

4.1 Text File Evaluation Service Genre

In the e-Framework service genre describes generic capabilities of a specific servi
expressed in terms of their behaviours, withoutsgrieing how to make them
operational.
In this section a text file evaluation service geisrproposed to the E-Framework.
A service of this genre is responsible for the sss®nt of a text file with an attempt
to solve an exercise described by a LO. It suppbree functions:
e ListCapabilities: provides the requester with a list of all the
capabilities supported by a specific evaluator;
» Eval uat eSubmi ssi on: performs the evaluation of a submission to a
given exercise, using some of the available capieisil
» CetReport: accesses a detailed report of a previous evafuatio
In the following sub-subsection the three serviternal functions are detailed.

The ListCapabilities function informs the client systems of the capabilitiesaof
particular evaluator. Capabilities depend strongly the evaluation domain. For
instance, in a computer programming evaluator tgabilities are related with the
programming language compiler or interpreter. Eaabpability has a number of
features to describe it and for a programming lagguthey may be the language
name (e.g. Java) its version (e.g. 1.5) and ve(elgr JDK). On an electronic circuit
simulator a capability may be a collection of gatest are allowed on a circuit and
features may be the names of individual gates.



ListCapabilities()

| service

End
Capabilities Point

Figure 2 — The ListCapabilities function.

In this function, represented in Figure 2, the esfudoesn’t accept any parameter
and the response returns a list of all capabilitiethe evaluator. Each capability is
described by a list of features, with a name awndlae.

The EvaluateSubmission function allows the request of an evaluation for a
specific exercise. The request includes an exeroisa reference to an exercise
represented as a learning object held in a repgséind a single attempt to solve a
particular exercise. The request may include aiipevaluator capability necessary
for a proper evaluation of the attempt. The resparsurns a ticket for a later report
request and may return also a circumstantial regdootit the respective evaluation of
the requester attempt.

A schematic of this function is shown in FigureT®ie service endpoint provides
the interfaces for the requests and responses Her etvaluation functionality.
Internally the service implementation may includevesal features (indexing,
gueuing, transforming, flow control, etc.) neededtovide the defined functionality
and a connection with a remote data source holti@gbjects such as a LOR.

EvaluateSubmission(exercise, attempt, capability)

Service Repository APl _ e

Objects

End

ticket [and report] Point Repository

Figure 3 — The EvaluateSubmission function.

The evaluator returns a report on the evaluatibrit is completed within a
predefined time frame. The report must containrimiation about the assessment of
the attempt but should not reach to any conclusite. raw data sent to the client can
be used as input for other systems (e.g. clasg8ditaystems, feedback systems).

In any case the response will include a ticketetmover the report on a later date.
Requesting a report using a ticket is supportedutyin another function called
GetReport detailed in the next sub-subsection.

The GetReport function (Figure 4) allows a requester to get a report dor
specific evaluation. The report included in thispense may be transformed in the
client side based on a XML stylesheet. This waydlent will be able to filter out
parts of the report and to calculate a classificatiased on its data. The request of
this function includes a ticket sent previously the service in response to an
evaluation. The response returns a report aboetaluation.



GetReport(ticket) .
Service

End
report Point

Figure 4 — The GetReport function.

4.2 The Evaluate - Programming Exer cise service expression

In this section we define a new service expressiailed Evaluate - Programming
Exercise, that specializes the Evaluate service genmadelling the evaluation of an
attempt to solve an exercise defined as a learabjgct. Examples of this kind of
exercise can be drawn from different domains; is flervice expression we focus on
the automatic evaluation of programming exercises.

The e-Framework model contains 20 distinct elementsdescribe a service
expression, 9 of which are required elements, hadd@maining either recommended
or optional. For the sake of terseness the remaiwfdiis section concentrates on the
most significant of those elements.

421 Use& Interactions

The Use & Interactions element illustrates howftingctions defined in the Requests
& Behaviours section are combined to produce a fimfk An interaction involving
the evaluator and two other service types, usirg ttifee main functions of the
evaluator, is depicted schematically in Fig. 4 asUML sequence diagram. The
diagram includes three objects representing:
* Learning Management System - to manage the exsrsigéable to specific
learner’s profiles;
» Evaluation Engine - to automatically evaluate anédg the students'
attempts to solve the exercises;
e Learning Objects Repository - to store programnaRregrcises and to retrieve
those suited to a particular learner profile.

2 We completed the definition of this service gesme we expect to publish it shortly.
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loop J I

avaluatasubmlsslon(uﬂll loid, String attempt, ID capabilty) : ERL

GetAsset(URL loid, String asset) : Asset

Asset file

| GetReportiString ticket) : ERL

| ticket and report

Fig. 5. Interacting with the evaluator.

The workflow presented in Fig. 5 starts with thenfiguration of an evaluation
activity in an LMS (e.g. Moodle with an evaluatigriugin). The configuration
involves the selection of programming exercises @ogramming languages and will
be carried out by a teacher. To select relevangraroming exercises the LMS
forwards the searches to a repository. To seleramming language the LMS uses
the ListCapabilities function of the evaluator.

During the evaluation activity itself the LMS itéea on the evaluation of all
submissions. In general each student is able teersakeral submissions for the same
exercise and an activity may include several esesciEach evaluation starts with an
EvaluateSubmission request from the LMS to theuatal, sending a program and
referring an exercise and a programming language. dvaluator retrieves the LO
from the repository to have access to test capesjad correctors and other metadata.
The response to of this function returns a ticked @an evaluation report, if the
evaluation is completed within a certain time fraridhe LMS may retrieve the
evaluation report using the GetReport function wlith ticket as argument.

4.2.2 Applicable Standards

The Applicable Standards element enumerates thee:iaand versions of all the
domain and technical standards, specifications apyulication profiles needed to
provide the functionality of the service expression

The pertinent e-learning content standards forghbrsice expression are the IMS
Content Packaging (IMS CP) [12] v1.1.4 final speeifion and the IEEE Learning
Object Metadata (LOM). We introduce also a speaifan from a previous work [4]
where we defined programming exercises as leawidjects based on the IMS CP.



An IMS CP learning object assembles resources agtd-ata into a distribution
medium, typically a file archive in zip format, Witits content described in a file
namedimsmanifest.xmlat the root level. The manifest contains four isest meta-
data, organizations, resources and sub-manifesis. Main sections are meta-data,
which includes a description of the package, argburces, containing a list of
references to other files in the archive (resoyraed dependency between them.

This standard was defined for LO in general, nactrally for programming
problems. In particular, the IMS CP schemata (idiclg the IEEE LOM) lack
features for describing all the resources requioegerform the automatic evaluation
of programming problems. For instance, there isvag to assert the role of specific
resources, such as test cases or solutions. FaetynBMS CP was designed to be
straightforward to extend it and thus we were ablese this standard for our purpose
of defining programming problems as learning olgect

Meta-data information in the manifest file usudthlows the IEEE LOM schema,
although other schemata can be used. Since thedattarelated to the automatic
evaluation cannot be conveniently represented usiedEEE LOM, it is encoded in
elements of a new schema - the EduJudge Meta-gatifisation (EJ MD).

The only e-learning interoperability standard relsivto this service expression is
the IMS DRI specification [8]. It was created byetHMS Global Learning
Consortium (IMS GLC) and provides a functional aetture and reference model
for repository interoperability. The IMS DRI proed recommendations for common
repository functions, namely the submission, searuth download of LO. The IMS-
DRI must be used by the evaluator with the LO rdpos

4.2.3 Interface Definition

The Interface Definition element formalizes theenféices of the service expression,
namely the syntax of requests and responses @fritgions. This particular service

expression exposes its functions as SOAP and REST services. The syntax of

function requests in both flavours is summarizedable 3.

Table 3. Service Expression function requests in SOAPRIBEST.

Function Web Syntax
Service
SOAP ERL ListCapabilities()

ListCapabilities REST CET /evaluate/ > ERL

ERL Eval uate (Problem Attenpt ,Capabilit
EvaluateSubmission 2@@? POST / eval uat c(a/ 501 Doi L0 D & PROGRAM > E)Ig_
ERL Get Report (Ti cket
GetReport 2@@? GET $Ti ckot >( ERL )

The remainder of this sub-section describes thasetibns in detail. All these
functions respond with an XML document complyinghwihe Evaluation Response
Language (ERL). The ERL is formalised in XML Scheamal covers the definition of
the response messages for the three evaluatoidnacihe diagram depicted in the
Figure 6 includes two main element&quest and repl y. The former echoes the



request function and its parameters as receivetidogvaluation service and the later
contains the output to that request.

MessageType ReplyType
@ date dateTime o date dateTime

_ [Ereply  RephyType ticket anyURI

L1 [e] request RequestType _ €l capabilities  CapabilitiesType

&
o3 L [€] report ReportType

RequestType (listCapabilitiesType)
& date dateTime
[€] listCapabilities (listCapabilities Type) (evaluateSubmissionType}

[€] evaluateSubmissien  (evaluateSubmissionType) learningObject  anyURI
[e] getReport (getReportType) capability D

- [&] program string

(getReportType)

Fig. 6. The ERL schema.

Therequest element contains a different sub-element accortiindpe function
type. Thereply element includes two sub-elements representing pibgsible
responses of the service, more precisely,ctiygabi | i ti es andreport elements.
Thecapabi liti es element is used in a ListCapabilities responsés &ement has
severalcapability sub-elements each with sevefalat ure elements to describe it.
Theti cket attribute holds a ticket to recover a report dater date.

4.2.4 Usage Scenarios

The Usage Scenarios element characterizes the typesrkflows in which the
service expression is used. In our case these lworkfypes can be classified as
curricular and competitive learning. In this sulstsm we detail the requirements of
these different scenarios.

Curricular learning in computer programming requires the evaluation of
exercises in several moments such as practicaedaassignments and examinations.
A programming evaluation service can be used irthalte cases. Its usefulness in
practical classes results from the instant feedlitapkovides to students, identifying
the failed test cases and providing hints to resthem. In programming assignments
combining automatic and human evaluation both faekland grading are relevant.
In this scenario the student may submit multiptees, until a number of tests is
passed, and receive automated feedback in thegzdceexaminations grading is the
most relevant part and different grading policies de implemented by the client
based on the tests cases that were successfullyleimah.

Competitive learning relies on the competitiveness of students to asaetheir
programming skills. This is the common goal of sal/erogramming contests where
students at different levels compete such as:rtegriational Olympiad in Informatics
(101)3, for secondary school students; the ACM IntermaticCollegiate Programming

3 10l Official Web Site, www.ioinformatics.org



Contests (ICPC) for university students; and the IEEExtrémfor IEEE student
members. Each programming contest type has its setrof rules. In some cases
students participate individually (as in 10l andEExtreme) in other cases they
participate as a team (as in ICPC). Moreover, eamitest has its own policy for
grading and ranking submissions. For instance, d€igas points to tests and ICPC
just accepts a submission if it passes all tests, gives a penalty for failed
submissions when an exercise is accepted.

An implementation of the proposed service expresgiceets the evaluation
requirements of this wide range of scenarios, froumricular and competitive
learning. The evaluation report does not compugeade, points or classification, nor
produces a feedback for any particular scenariovdver, all these can be easily
computed by clients using a XSL transformation XML formatted report.

4.3 Text File Evaluation Service Usage M odel

In the E-Framework, a Service Usage Model (SUM) cdbss the needs,
requirements, workflows, management policies anstgsses within a domain. A
SUM is composed of either Service Genres or Sefigeessions, but not a mixture.
In this section the SUM for the text file evaluatiof learning objects is detailed. The
E-Framework has 22 distinct elements to descrils&JM, 12 are required elements
and the rest is either recommended or optional tlk@sake of terseness just a subset
of the SUM content based on the templates proviethe E-Framework is detailed.
In concrete is described the SUM diagram, the teahrfiunctionality, the structure
and arrangement of the functions and the data eswaned services used.

The SUM Diagram element, depicted in Figure 7, defines a visual represimta
of the SUM for presentation purposes. This typeiafram is suggested by the E-F
templates [12]. It organizes business processesliumns. For each business process
the summary and name are highlighted in squaramgtds in the top and the services
genres it includes as ovals. Data sources aresemie] in the footer of the diagram.

In the first business process called Archive Laagr®bjects, the teacher searches
in a repository for learning objects. Then, it sedethe most appropriate and archives
it, for instance, in a LMS for future use.

The Evaluate Learning Objects business procesfigitta attempt of the student
to solve a particular learning object and the retjfmr its evaluation. In this business
process the Evaluation Service Genre, detailethénprevious subsection, was used.
This service includes the EvaluateSubmission foncthat returns ticket for a later
report request and may also return an evaluatiparteThe report could be sent to
both student and teacher or be transformed forrsopalized naotification about the
evaluation of the students’ attempt.

4 Official Web Site, http://icpc.baylor.edu/
5 |IEEExtreme Official Web Site, http://ieeextremglo
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Figure 7 — The SUM diagram.

The Functionality element categorizes the functions supported by the SUNhfro
a system viewpoint. The functions used in this Sdk organized as follows:
common functions (Authenticate and Authorize), oy functions (Search,
Obtain, Archive, Lookup and Alert) and evaluatiomdtions (Evaluate).

The Structure & Arrangement element illustrates how a SUM is used in a
particular business process by identifying the isessused, data sources and their
interactions within the SUM. An apt illustration ¢iie use of this SUM is the
pedagogical learning process involving the evatuatbf programming exercises,
presented in the following section.

5. Validation

To evaluate the usefulness of these service defisitve made a concrete definition
of a service expression based on the proposedceegeinre, a programming exercise
evaluation service. The evaluation of programmirgreises involves the following
types of services:

Learning Management System - to manage and retrieve the exercises to the
learners. We chose the Moodle LMS since it is @ fiad open-source LMS with a
significant share on the LMS market [3];

Learning Objects Repository - to persist LOs and related meta-information. We
developed a specialized repository named crimsongxwhich currently stores
more than 2000 programming exercises;



Evaluation engine - to evaluate and produce feedback on the ledratesnpts to
solve the exercise. We will use the Mooshak systeitihe evaluation engine based on
a shared service [5];

Exer cises Resolution Environment — to code the attempts of solving an exercise.
We will use the Eclipse IDE since it is a free, @lidused and open-source solution.

get
exercises

Learning Learning
Management Objects
System report of Repository
{e.g. Mocdle) exercise usage (e.g. crimsonHex)

Instruction
request

[e]

report of
exercise usage

Exercises
Resolution
Environment

get

presentation
assets

submit attempt
to solve exercise

get
evaluation
assets

Evaluation

Engine
(e.g. Mooshak)

(e.g. Eclipse)

Figure 8 — Service integration in a pedagogicakarhing process.

Figure 8 shows the integration of these services pedagogical learning process.
In this particular scenario the teacher starts dfyirgy a number of activities in the
LMS, including the resolution of programming exeses. To select the relevant
programming exercises the teacher 1) searcheslfrant exercises in the repository.
Then, the learner 2) tries to solve the exercises e the teacher using an
Experimentation Environment (e.g. Eclipse IDE). THRE 3) recovers exercises
descriptions from the repository showing them te student. After coding the
program the learner 4) send an attempt to the Btialu Engine. The Evaluation
Engine 5) recovers test cases from the reposifdrg.learner may submit repeatedly,
integrating the feedback received from the EvatuatEngine. In the end, the
Evaluation Engine 6) sends a grade to the LMS ibedrds it and reports the LO
usage data back to the repository.

6 Conclusion and ongoing work

This paper presents a survey on elLearning framesvarid the contribution of an
evaluation service for programming exercises toattée most prominent eLearning
frameworks - the E-Framework. The contribution urdlels three components of the E-
Fremework’s technical model: a service genre, @icerexpression and a service
usage model.

In the Service Genre the authors made an absteactigtion of the behaviours
expected from a text file evaluation service. Thea,add a new service expression
that specializes the previous service genre byirgfiits behaviours and requests, and



also specify several implementation details suchpgdicable standards and interface
definitions. Finally, in the Service Usage Modeg present the relationships between
services through business processes and the usagari® based on a particular
domain - the automatic evaluation of programminereises.

To evaluate the usefulness of these service defisitwe made a concrete
definition of an Evaluation service expression, en@recisely, a programming
exercise evaluation service. For this purpose, neecarrently recasting Mooshak [2],
a contest management system, in order to implethenservice expression.
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