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Abstract: Leaming Management Systems such as Blackboard, Moodle, Sakai and Claroline _f?cus
on supporting the learning process at a faitly global level of courses and tests. Recent _addmons
focus on interaction (discussion forums, chat reoms and wikis). GRAPPLE tackles an important
omission: integrating the adaptive delivery of course material into the supported learning process.
GRAPPLE is an EU funded IST FP7 project that brings together a group of researchers into
adaptive learning technology and environments and developers of learning management systems
(LMSs), in order to offer adaptive leaming as a standard feature of future LMSs. This paper
presents the overall architecture of GRAPPLE, and then describes how 10 create and deliver
adaptive course material through GRAPPLE, on any (supporied) LMS.

Introduction

Support for leamning is highly concentrated on the management and the process. Many (perhaps even most)
educational institutions like schools, colleges and universities are using a Learning Maxja.gement‘Systcm (LMS) to
manage or keep track of the students’ progress through the curriculum. For the institutes it is very important to know
who is enrolled in which courses, what their exam results and credits are, and thus aiso when the stuqents are ready
to graduate. Especially in the open-source LMSs a lot of effort has also been invested in the creation of t.ools o
support the leaming process. Public and private messages, discussion forums and chat rooms for communication aqd
wikis for knowledge sharing, are all aimed at supporting the learning rather than the management. However wh.at is
missing is good support for delivering (preparcd) learning material to the stu(_lems. Many courses have a repository
of files: text files, PowerPoint, perhaps video lectures. In some cases it is possible to access a (remote) website while
passing the leamer’s identity. However these external applications cannot communicale back to the LMS. 'I.'he
GRAPPLE project is focused on the seamless and two-way integration of adaptive course material into the learning

TOCESS. .

’ Adaptive technology-enhanced leaming (or adaptive TEL) has been tlze main application area for adaptive
hypermedia. The seminal papers by Peter Brusilovsky (Brusilovsky 1996, Brusilovsky, 2001) have been a source of
inspiration for many researchers into personalized information access. Ovex: the years many new methods and
techniques were developed, as summarized in (Knutov et al, 2009). Many special-purpose tools were developed and
also one peneral-purpose adaplive system: AHA! (De Bra et 2l, 2006), that has been used by rescarchers and
educators from all over the world®. However, to date the use of adaptive technology in learning applications has
remained rather limited because it was never integrated inlo the learning management systems used by the schools
and universities. o o ]

GRAPPLE bundles the expertise of researchers from 15 universities, research institutes and companies,
including the creators of the adaptive systems AHA! (De Bra et al, 2006), KBS-Hyperbook (Henze et al, 1999),

' Paul D¢ Bra, David Smits and Kees van der Sluijs work at the Eindhoven University of Technology, the

Netherlands. . )

2 Alexandra I. Cristea and Maurice Hendrix work at the University of Warwick, UK.

3 Some noteworthy examples are the AlcoZonc alcohol tutorial from Vitginia Tech (Bhosale, 2006), an automata
theory course from Korea University (Lee et al, 2005) and a programming course from }he Slovak Umw_:rsny of
Technology (Biclikovi et al, 2005). We are also aware of on-going work in Brazil, Colombia, and South Africa.
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RATH (Hockemyer et al, 1998), APeLS (Conlan et al, 2002) and WINDS (Kravcik et al, 2004), of authoring
systems and adaptation languages (Cristea et al, 2009), of user modeling languages and services, including UserML
(Heckmann et al, 2003), (Heckmann et al, 2005) and the work of (Van der Sluijs et al, 2006), of experts in learning
standards (e.g. the Open University Nederland and Atos Origin Spain), of developers of and contributors to LMSs
including Moodle, Claroline and Sakai, and of developers of industrial TEL applications (Atos, Giunti Labs and
IMC Information Multimedia Communication AG). The goal of GRAPPLE is to have the adaptive learning
environment (or ALE) become a “standard” component of the LMSs so that the thousands of institutes (world wide)
using these LMSs automatically have access to the ALE. .

In this paper we first describe the overall GRAPPLE architecture, emphasizing how the ALE and LMS can
work together to offer an integrated adaptive Jeamning solution, We then describe the process of creating adaptive
course material and using it from within the LMS. We describe the conceptual authoring tools and the different ways
to create content. The tools are going through a continuous process of improvement based on input from evaluation
questionnaires given to the early adopters of the GRAPPLE technology.

Communication between an ALE and LMS in GRAPPLE

The standard way 1o set up an LMS environment involves creating user accounts (for teachers and learners)
on the LMS. Applications other than the LMS have no access to these accounts. One possible exception is that some
LMSs have a provision for accessing another application from within the LMS and passing the user id. At the TU/e
we have used this to give students with an account on our Sakai LMS transparent access to the adaptive course text
for our course 2ID65 on hypermedia. Unfortunately the “Link Tool” that is used {(at TU/e within Sakai) to provide
this access is insecure, Furthermore the access is one-way only: from Sakai students can access tlie adaptive course
text but the interaction with the course text cannot be communicated back to Sakai, for instance to have the progress
of the student recorded in his’her grade book. Also, tests or exams the student may perform in the LMS cannot
influence the adaptation done by ihe course text as only the student id is passed on.

In GRAPPLE we have arranged for a multi-way communication between LMSs and instances of the ALE
through the GRAPPLE User Model Framework (GUMF). An LMS can tell GUMF that a student has performed a
test (and what the grade was) and GUMF can provide that information to the ALE. The adaptation can then take the
test results into account, Likewise, the ALE can tcll GUMF about the progress of the siudent and this can be
communicated with the LMS, perhaps to decide when to enable access to a test or assignment. An infrastructure
using an asynchronous event bus is used to facilitate the communication between all GRAPPLE components.

GRAPPLE is intended to support life-long learning, meaning that GUMF must be able to share information
about a lcarner with different LMSs. When the learner moves to a different school, university or company, the
information a learner decides to disclosc must be accessible for 2 new LMS, Therefore GRAPPLE is designed in a
system-independent way. This can be done through the project-specific “GRAPPLE statements” but also through the
IMS Leamer Information Packaging (IMS LIP*) standard. Within GRAPPLE five different LMSs can communicate
with each other and with the GRAFPPLE ALE (GALE). These LMSs are the open source LMSs Moodle, Sakai and
Claroline, and Elex from Giunti Labs® and Clix from IMC®. Figure 1 shows the overall architecture of GRAPPLE.

As can be seen from Figure 1 all GRAPPLE components communicate with each other through a shared
GRAPPLE Event Bus (GEB). This is an asynchronous communication bus, meaning that components can send data
or requests to another component through the bus and can listen for answers bul cannot just wait for an answer to
their requests. As a consequence, components should be designed to continue their normal operation without the
answers to their requests; the answers will arrive asynchronously. This is an important issve for the adaptive
delivery of course material as GALE may not always be immediately notified when a student completes a test on the
LMS, and may thus not immediately perform adaptation according to that changed user model. GALE has an
internal user model store to enable it 10 offer adaptivity based on interactions with GALE almost instantly.

The GRAPPLE environment is distributed by design. The Authoring Tool (GAT), The Adaptive Learning
Environment (GALE), the User Model Framework (GUMF), the Event Bus (GEB), the LMSs and additional tools
such as special visvalization tools (GVIZ) may all be running on different servers anywhere on the Internet (and in
the project sewp they actually do run on servers in different countries), In order for users to be known (and

* hitp://www.imsglobal.org/profiles
$ hup:/iwww.giuntilabs.com
8 http:#twww.im-c.com
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authorized) on all systems we use Shibboleth’ as a single-sign-on facility. In the remainder of this paper we
concentrate on the use of GAT and GALE for creating an adaptive course text.

Figure 1: Global GRAPPLE Architecture

Creating the conceptual adaptation model for a course

Figure 2 gives an overview of the authoring process in GRAPPLE as far as the conceptual structures are

concerncd. We concentrate on the part that is within the dashed rectangle. Creating an application (not considering
the actual content in the form of pages) consists of the following steps:

L.

An author first creates a conceptual domain model (CDM, or DM for short) for the application, consisting
of concepts and concept relationships®. Relationships are named binary connections between concepts. The
relationships have a meaning within the application (course) domain, but they have no associated
adaplation behavior because they are not pedagogical relationships. To some extent a domain model can be
considered as an ontology, although typically it is smailer and more casy for teachers to creale, as it only
describes what is used in the course. Figure 3 shows a partial domain model in the DM cditor of GAT. It
shows an example application called “Milkyway” that we also use to illustrate other parts of the authoring
process in this paper (and in other presentations). In the Figure we see the Sun, planets and moons and
relationships like “isMoonOf”, connecting moons with their planet, and “typeOf’ connecting moons with
the abstract concept “Moon” and connecting planets with the abstract concept “Planet”. Some parts of the
model in this figure are incomplete: “isPlanetOf” relationships between planets and the Sun are sull
missing, as are some moons. Each concept in DM can have an arbitrary number of properties with values,
and resources (references to files) with properties and values. The properties can be used by the adaptation
engine, for instance to sclect a resource o show depending on some user model prop;rties.

The author then needs to define a pedagogical structure over the DM, indicating recommended ways to

.study the course. Using the CRT editor an author can create Concept Relationship Types, possibly but not

necessarily associated with relationships that exist in DM, Some CRTs are predefined, like start (for the
start concept of a coursc), prerequisite that indicates that some concepts should be studied before some

: Sce http://shibboleth.internet2.cdw/ for details on Shibboleth.
SDM and VR-DM in Figure 2 refer to simulations and virtual reality extensions, not described in this paper.
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other concepts, and the knowledge propagation CRT that indicates that knowledge obtaincd by studying
course pages should be propagated up the concept hierarchy, typically consisting of chapters, sections,
subsections and pages. An author may thus not need to define new CRTs to achieve the desired adaptation.

l rapple Framework (Partial})

Authoring Output .

-Very specific nules that
can directly used by cument
engine

- Some tules might be
directly inferred from the
I structure of DMICAM

- Based on engine indep.
rule language

- Language contains high
level descriptions of main
adaptation sorts

- Can be used by other
adaptive engines

Figure 2: Authoring of conceptual structures in GRAPPLE

Concepts from DM are connected using CRTs to form the Conceptual A !

(Hc:ndrlx etal, 2(!08). In past research on AHA! (De Bra et al, 2006) mfd in ol&iﬂ;;izaﬁzﬁilfﬁc%%;
lyplc_ally were either unary or binary relationships between single concepts. In GRAPPLE a concept
relauonshlg? can cannect any arbitrary number of concepts or even sets of concepts. For this it uses sockets
can.:h containing one or more concepts. Figure 4 shows a screen shot of a first p;m of the CAM for the
Ml]k)fway cxample. Allowing sockets with mulliple concepts allows for the creation of CRTs with
associated adapration rides that take all concepts of a socket into account. Also, it greatly reduced the
number of relationship (instances) that need to be created. ' P 1 greally redue®
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Figure 4: the CAM editor, showing two prercquisites in the Milkyway example.
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4. When the CAM has been completed the author selects the “Deploy” function (from the File menu). This
sends the CAM (o the GALE engine through what Figure 2 calls the “Engine-Specific Compiler”. The
CAM includes the DM (or DMs) used in the CAM and also the definition of the CRTs used in the CAM.
The compiler creates GALE-concepts and relationships from the DM description and translates template
adaptation code specified in the CRTs into defanit code for initializing user model variables and event code
for associating user-initiated evenis such as a page access or system-generated events such as a user model
update with code to generate user model updates (possibly defining adaptation behavior). We illustrate the
adaptation code with an example below. Please note that an author who uses predefined CRTs does not
need 1o write or even see such code, and that the majority of authors will only use the predefined CRTs.

In the Milkyway example we indicated that “Earth” is a prerequisite for “Moon”. The prercquisite CRT has
the following adaptation code:

Starget% { #suitability & !"$({%sourceiiknowledge}>80" }

This code specifies that the suitability auribute of each concept in the “targel” socket should be
initialized not with a plain valve but by ¢xecuting (hence *!') the code ${ ¥sourcet#knowledge}>80.
This bit of code is replicated for each concept in the “source” socket and if there are several such concepts
the expressions are combined using the logical and operator (‘&"). For our example prerequisite this means
that the suitability attribute of concept “Moon™ will be initialized with the value that is the result of
evaluating the expression Earthiknowledge>80,
One remaining aspect we have not covered is that of the “Jocation” of user mode! information. In the CRT tool an
author defines that a CRT uses some user model attributes (for concepts appearing in a specific socket). Normally
the (run-time) values of these attributes of concepts are only known by the GALE engine with which the leamer
interacts directly. The values are used for generating adaptation, for instance based on the learner’s knowledge of
some concepts, in combination with the existence of prerequisite relationships. However, the author may indicate
that some altributes are public. When an attribute is persistent (i.e. stored and not calculated on the fly like the
suitability in the example above) and public, GALE will communicate all changes of this attribute to GUMF,
making the up to date value available to other GRAPPLE components (like an LMS or perhaps also another GALE
server serving another course). When an attribute is nor persistent and public, GALE will request the value from
GUMF and will register a listener on the event bus to stay informed of updates of that atiribute. Other than having
this specification (public or not, persisient or not) the author need not be concermned with the communication with
GUMF when defining the CAM or creating the content of a course.

Creating content for a GRAPPLE course

Each concept in (the DM of) a course can be associated with one or more resources. Typically a resource is
a file (an HTML page) that forms a possible presentation of the concept. Having multiple resources allows for the
automatic selection of one of several alternative presentations, for instance a version for a beginner and a more
advanced learner. The adaptation rules for selecting the appropriate version can be specified at the conceptual level
using the CRT tool.

In an online course we cxpect consistency in the presentation format. In GRAPPLE there is an additional
constraint that the presentation must also fit “within™ the LMS presentation structure. To this end GALE always
generates a single HTML page (at least if the input is also (X)HTML), using tables for diffcrent parts of its
presentation. Achieving presentation consistency is done by means of two complementary techniques: fayout
definitions and page templates.

In GALE concepts can exfend other concepts, meaning that they inherit auributes from these other

concepts. An exfends relation between concepts is used for this. The standard “admin™ application contains

a concept *_layout” that has a single auribute layout with the following default value:

<struct cols="20%;*"><viewname="static-tree-view"/><content/></struct>

Every concept that extends the *_Jayout” concept will be presented using a navigation menu for the course
on the left (in a column taking up 20% of the width) and the content page on the right (in the remaining
80%). GALE has a number of predefined “views” to show part of the DM of an application. In the standard

% The GRAPPLE architecture is designed to be flexible and allow other ALEs to be connected to the architecture,
though developing other ALEs is outside the scope of the project.

-
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layout the static-tree-view is used, which shows an accordion menu where the top-level concepts
are shown and the part of the concept hierarchy containing the current concept is expanded (and the
remainder of the concept hierarchy is collapsed).
For the pages themselves, there are also two main approaches: crealing each page “from scratch™ (writing
pages or importing “ready-made” pages from a content authoring system, such as the MOT adaptive
hypermedia authoring system (Foss & Cristea, 2010)) or using femplate pages The hypermedia course
2ID65 at the TU/e describes many different topics. The structure of different pages or parts of the course is
different. Each page in this course is therefore authored separately. The only common aspects of the
presentation are the common layout (and of that also two versions are used in this example). The left part of
Figure 5 illustrates this authoring approach.
The Milkyway example presents some information about celestial objects. The actual content is copied
from Wikipedia. The presentation of similar objects is identical. Figure 6 shows cropped screendumps from
the pages about Jupiter and Satum. They start with a title, then describe the position of the object in the
solar system (“Is Planet of: Sun”), then gives an image, followed by textual information, and finally there is
a list of moons of the planet. It is reasonable to expect that any change to the presentation an author may
come up with should be applied to the pages about each planet. Therefore we associate the concepts with a
common resource which is the template page. Every item that is “planet-dependent” is either the value of a
property of the concept or is contained in a file of which the URL is a propenty of the concept. GALE
offers some xm} tags that can be used in pages (using both the xhtml and gale namespaces) to include such
information:
» The <gale:variable> tag is used to present the value of a user mode] attribute or the result of an
expression over (domain- and) user model, Two examples:

<gale:variable name="gale://gale.tue .nl/personal#name” />
will be replaced by the name of the user. (personal is a psendo-concept that represents the user)
<gale:variable expr="${2title}"/>

will be replaced by the title property of the current concept.

e The <gale:object> tag is used to include a file in place of the object. The file must contain a
valid xml fragment. The html <img> tag can also be used to inctude a file which must be an image. In
order to determine the source for the object or image from the domain or user model the
<gale:attr-variable> tag can be used. ‘This is a “Irick” because inside an xml tag no xml tags

can be used.
<img width="300"><gale:attr-variable name="src" expr="§{#image}™/>"’

will load the image of which the URL is obtained by evaluating the cxpression that retrieves the value
of the image attribute of the current concept.

Jupiter
1s Planet of: Sun

Image of: Jupiter

Information:

Jupiter is the fifth planct from the Sun and the larges
half times as massive as all of the other plancts in oy
giant, aleng with Saturn, Uranus and Neptune. Toge!
Jovian planets,

The following Moon(s) rotate around Jupiter:

« Ganymcde
« Europa

e lo

« Callisto

Saturn

1s Planet of: Sun

Image of: Saturn

Information:

Satumn is the sixth planct from the Sun and the secar
Satun, along with Jupiter, Uranus and Nepne, isc
sometimes referred to as the Jovian, meaning “Jupite
Satumus {that became the namesake of Saturday), &1
the Babylonian Ninurta and to the Hindu Shani, Sat

The following Moon(s) rotate around Saturn:

» Titan
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Figure 6: Consistency in the presentation of different concepts, achieved through template pages.

Conclusions and Future Work

The GRAPPLE project attempis to bring adaplive course delivery to the masses using a three-pronged

approach:

1. it incorporates the adaptive learning environment (ALE) in popular learning management systems

(LMSs),

Figure 5: Authoring pages scpariuely (left) or using remplate pages (right)
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2. fl offers easy-to-use graphical authoring tools for the conceptual adaptation model (CAM) and
301t offcrs-a p'owerful adaptation engine that allows most popular adaptation techniques for both content
and navigation structures,

Although the project and the software development are still ongoing, training events have already been held

in acad:‘:mic and indus.trial environments. Each event is followed by an evaluation (questionnaire) from which
suggestions for further improvement are extracted. Students in a course on adaptive systems are currently using the
authoring too}s (GAT) aqd adaptation engine (GALE) in group assignments in which they arc creating adaptive
course material. GALE is also already in use for course delivery at the TU/e and has proven to have high
performance and reliability.

Although GAT+GALE are currently actively being used and evaluated, the two-way communication

between GALE and different LMSs is still undergoing testing. Also, the i i i
Facility is sill being tested. 2 , the use of Shibboleth for the single sign-on
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Further developments in the GRAPPLE project, before, during and after ED-MEDIA 2010, can be
followed at www.grapple-project.org.
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