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Summary

In the previous deliverable (D3.2a) Concept Relationship Types (CRT) have been defined and elaborated. A
tool has been designed which allows for defining CRTs. Based on this work the CRT Tool has been
implemented. This report documents the work done in the context of the development of the CRT Tool.
Report and implementation together form the Deliverable D3.2b.

CRTs have been technically specified using XML format. An XML schema has been defined which clearly
defines which information is contained in a CRT and how this information is structured. An explanation of this
information and structure is given in this report. Furthermore the software architecture of the CRT Tool is
described. An explanation of the graphical user interface is also included in this report.

Since there is a strong relation of the CRT Tool to the other authoring tools (DM Tool and CAM Tool), a
common software library has been created which offers functionalities to all tools. Together the tools and the
software library form the Grapple Authoring Toolset (GAT). This report describes how the CRT Tool is
included in the GAT shell.

Improvements and planned work for the final implementation of the CRT Tool (D3.2c) are outlined.
Advancing the user interface and making it more intuitive for authors is an important plan for improving the
tool. Furthermore, the result of the evaluation of the authoring tools will influence the further development.

The CRT Tool will be demonstrated at the EC-TEL 2009 [3] conference and presented in a poster session at
the ICCE 2009 [2] conference.
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1 Introduction

By using Concept Relationship Types (CRT) a teaching strategy can be created. With CRTs concepts from
the domain model (DM) can be connected to form a pedagogically meaningful strategy which is defined
through the Conceptual Adaptation Model (CAM). This model determines how and when learning resources
related to these concepts should be presented to the learner. A detailed elaboration on CRTs and how they
are related to the DM and CAM is given in D3.2a.

In order to empower the content author to define CRTs the CRT Tool has been implemented. This report
describes the CRT Tool from a technical perspective, which includes the XML format how CRTs are
expressed, the software architecture, and the graphical user interface.

In Section 2 the specification of the CRT format is described. First it is explained which information is
contained in a CRT and how this information is structured. Second, a technical specification of the CRT
format is given in by means of a XML schema. Finally some revisions are listed which have been made since
the last deliverable on CRTs.

In Section 3 the software architecture of the CRT Tool is described. Basically, the software architecture of
the CRT Tool consists of three parts which are the graphical user interface, the application logic, and the
data model. Since the CRT Tool is integrated with the GRAPPLE authoring toolset (GAT) shell, the
integration is also described in a technical sense.

The graphical user interface is described in Section 4. With the help of several screenshots it is shown how
CRTs can be defined. A more detailed user guide is given in the Deliverable on training (D9.2).

In the last section (Section 5) the possibilities and plans for improvement are mentioned. Most importantly
the user interface should be made more intuitive and the results of the evaluation will influence the further
work on the CRT Tool.

2 Specification of the CRT Format

In order to exchange CRTs with other GRAPPLE components a data format has to be defined which can be
written by the CRT Tool and read by other components. Most importantly CRTs have to be read by the CAM
Tool and the GALE.

CRTs are expressed in XML format and follow a XML schema specification which defines the structure of the
XML format. This is necessary since it ensures that the other components are prepared to all variants of
CRTs.

In this section the common explanation of the CRT format and structure is given, followed by the XML
schema definition. Finally it is outlined which changes have been made to the CRT definition since the last
Deliverable 3.2a. Two complete examples of CRT definitions can be found in the Appendix

2.1 Structure of the CRT format

For the reason of compatibility with the other model formats of the GRAPPLE authoring tools, a common
wrapper format has been defined. Each model, such as CAM, DM, and CRT, has a wrapper structure, which
allows for a unified storing and retrieving from and to the database on the Web. The Web service which
accepts models for storing and delivers requested models from the database needs not to have knowledge
of which type models are.

The following XML code outlines the common structure of GRAPPLE authoring tool models. Each model has
a header part, where meta-data of the model is located. Meta-data include title, common description,
creation and update time, author, authorisation, and the UUID of the model.

<model>
<header>
/I meta-data of the CRT model
</header>

<body>
<crt>
/I the CRT definition
<lcrt>
</body>
</model>
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The CRT definition is partitioned into seven areas, where each area is specified as a more or less complex
element in the XML specification. The following piece of XML code depicts this structure with the seven
elements. The numbers (as comment) before each element refer to the sub-sections below.

<crt>

<l-- (1) --> <crtdialect>...</crtdialect>
<l-- (2) --> <comment>...</comment>

<l-- (3) --> <visualrepresentation>...</visualre presentation>

<l-- (4) --> <crtsockets>...</crtsockets>

<l-- (5) --> <adaptationbehaviour>...</adaptatio nbehaviour>

<!-- (6) --> <constraints>...</constraints>

<l-- (7) --> <associateddmrelations>...</associa teddmrelations>
</crt>

(1) CRT dialect

The CRT dialect indicates if this is a "normal" CRT of a virtual reality CRT (VR-CRT) or a service relationship
type (SRT). VR-CRTs and SRTs are explained in deliverables D3.4 and D3.5.

<crtdialect>crt</crtdialect>

(2) Comment

The comment field contains some free-text information about the pedagogical meaning of this CRT. This is
not processed by any GRAPPLE component, but only used by authors to express and understand the
pedagogical meaning of the respective CRT.

<comment>in prerequisite CRTs source concepts are p resented before target concepts</comment>

(3) Visual representation

The visual representation defines how a CRT should be visually represented in the CAM. It has two
elements which are shape and colour. The shape element defines the shape which is drawn on the
connection line between two collections of concepts (sockets). The colour element defines the colour of the
connection line and the colour of the shape surrounding the concepts. This information is only interpreted by
the CAM Tool.

In the following example a CRT is represented in green colour shaped as a diamond.

<visualrepresentation>
<shape>diamond</shape>
<colour>0x00ff00</colour>

</visualrepresentation>

(4) CRT Sockets

The CRT sockets define the structure of a CRT. Basically a socket is a collection containing concepts. For
each socket some properties can be defined, which are colour, minimum and maximum cardinality, and
name of the socket. The UUID is automatically given by the CRT Tool. The name defines the name of the
socket, the UUID is the identifier which allows for referencing this socket, and the optional colour can
override the colour of the CRT for this socket. Furthermore it can be defined how many concepts have to be
in this socket at least and how many concepts can be in the socket at maximum.

In the following example, a socket is defined with the name 'beginner' where at least 1 concept has to be
included.
<socket type="source">
<uuid>cf5de7f5-12b5-4720-92e5-22zzzzzzzzzz</uuid>
<colour>0x0000ff</colour>
<mincardinality>1</mincardinality>
<maxcardinality>*</maxcardinality>
<name>beginner</name>
</socket>

There are two ways of structuring CRTs, which are directed and undirected. In the case of a directed
structure, there are two sockets whereby one must have the type source and the other one the type target.
Obviously, the direction goes from source to target. In the case of undirected structure, an arbitrary number
of sockets with any type can occur. The following example depicts the case of a directed structure.

<crtsockets>
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<socket type="source">
<name>beginner</name>
<uuid>cf5de7f5-12b5-4720-92e5-zzzzzzzzzz7z</uui d>
<mincardinality>1</mincardinality>
<maxcardinality>*</maxcardinality>
<colour>0x00FFCC</colour>

</socket>

<socket type="target">
<name>advanced</name>
<uuid>cf5de7f5-12b5-4720-92e5-pppppppppppp</uui d>
<mincardinality>3</mincardinality>
<maxcardinality>3</maxcardinality>
<colour>0x00FFCC</colour>

</socket>

</crtsockets>

(5) Adaptation behaviour

The definition of the adaptation behaviour is the central part of the CRT definition. It defines in a machine-
readable way the pedagogical meaning of the CRT. The definition of the adaptation behaviour is done
through a piece of code written in Grapple Adaptation Language (GAL). The GAL code is inserted into the
XML code as it is (using CDATA). The specification of the GAL code (syntax and meaning) is done in WP1.
The following example shows how the GAL code is inserted.

<galcode>
<|[CDATA[
/I gale code here
1>

</galcode>

An important aspect of the GAL code is the influence on the user model variables. In the GAL code it is
specified how exactly user model variables are influenced. In the CRT specification all user model variables
are listed which are used by the GAL code. The following example shows the structure how the user model
variables are included in the XML specification.

<adaptationbehaviour>
<usermodel>
<umvariable>
/I specification of the fisrt user model vari able
</umvariable>
<umvariable>
1/ specification of the second user model var iable
</umvariable>
<usermodel>
<galcode>
<I[CDATA[
/I gale code here
1>
</galcode>
<adaptationbehaviour>

The user model (UM) variables are specified in detail in the CRT code and some information is provided on
each variable. The name element is used to specify the name of the UM variable. Two boolean elements
define how the variable is treated by GALE. The public element defines whether GALE needs to submit
updates to GUMF or not. The persistent element defines whether the value is stored or computed or
retrieved. In order to define the values used for this UM variable there is a type field specifying the value
type, a default field, and a range element. The range element is used to specify the value range which,
however, depends on the selected type. The default value also has to fit to the type. There is also a location
field which is used if the UM variable is mapped from an LMS. In this case, the location has to be defined
where the UM variable can be retrieved. The following example shows the UM variable knowledge.

<umvariable>

<umvarname>knowledge</umvarname>

<public>true</public>

<persistent>true</persistent>

<type>float</type>

<range>

<from>0</from>
<to>1</to>

</range>

<default>0</default>

<location>
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<web>http://www.mySakailnstallation.com/course< Iweb>
<remotecourse>
<remotecoursename>myCourseOnSakai</remotecour sename>
<resource>
<resourceuniqueid>cf5de7f5-12b5-4720-92e5 -tttttttttttt</resourceuniqueid>
<resourcename>myTest</resourcename>
<[resource>
</remotecourse>
</location>
</umvariable>

(6) Constraints

In this section three types of restrictions can be defined regarding CRTSs. First, it can be specified if loops in
the CAM are allowed with this CRT. For example, it would not make sense to allow loops with a prerequisite
CRT. Second, it can be restricted which concepts can be put into a socket. Therefore, a tipple of socket
UUID, attribute name, and attribute value is used to define that only concepts can be put into the socket with
the given UUID which have set a specific attribute value for the attribute name. Third, it can be restricted
which CRTs are not allowed in the "neighbourhood" when CRTs are used in the CAM. Concepts respectively
sockets containing concepts are connected by CRT instances in the CAM, however, with this restriction it
can be excluded that certain CRT instances are connected to the same socket. This is done by naming user
model variables which appear in CRTs not allowed to be in the "neighbourhood". The following example
shows how these restrictions can be done.
<constraints>
<allowedinloop>false</allowedinloop>
<attributeconstraints>
<attrconstraint>
<socketid>cf5de7f5-12b5-4720-92e5-22z22227z7z7 z</socketid>
<attributename>language</attributename>
<requiredvalue>en</requiredvalue>
</attrconstraint>
</attributeconstraints>
<umvariableconstraints>
<umvariablename>visited</umvariablename>
<umvariablename>knowledge</umvariablename>
</umvariableconstraints>
</constraints>

(7) Associated domain model relations

Associations to relations between concepts used in the domain model can be exploited. For inserting CRTs
existing structures of the domain model can be used along which CRTs can be laid. The following example
shows how relations between concepts in a domain model are used for this CRT.

<associateddmrelations>

<relationshiptype>is_a</relationshiptype>

<relationshiptype>part_of</relationshiptype>
</associateddmrelations>

2.2 XML Schema

This section contains the XML schema specification of the CRT XML format. CRTs which are created by the
CRT Tool are valid against this schema specification. This specification is supposed to be used by all
GRAPPLE tools and components which read CRTs. Two examples of CRTs which implement this
specification can be found in the Appendix.

<?xml version="1.0"?>

<xs:schema
xmins:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="http://grapple-project.org/GAT/"
xmins="http://grapple-project.org/GAT/"
elementFormDefault="qualified">

<l-- (A) The overall structure and the model head er-->
<xs:element name="model">

<xs:complexType>
<xs:sequence>
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<xs:element name="header">
<xs:complexType>
<xs:sequence>
<xs:element name="modeltype" type="mo
<xs:element name="modeluuid" type="xs
<xs:element name="authoruuid" type="x
<xs:element name="authorisation" type
<xs:element name="title" type="xs:str
<xs:element name="description" type="
<xs:element name="creationtime" type=
<xs:element name="updatetime" type="x
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="body">
<xs:complexType>
<xs:sequence>
<xs:element name="crt" minOccurs="1"
<xs:complexType>
<xs:sequence>
<xs:element ref="crtdialect" mi
<xs:element ref="comment" minOc
<xs:element ref="visualrepresen
<xs:element ref="crtsockets" mi
<xs:element ref="adaptationbeha
<xs:element ref="constraints" m
<xs:element ref="associateddmre
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>

<xs:simpleType name="modeltypetype">
<xs:restriction base="xs:string">
<xs:enumeration value="crt"/>
</xs:restriction>
</xs:simpleType>

<I-- (B) The seven elements of the CRT definition

<l-- (B.1) the CRT dialect -->
<xs:element name="crtdialect" type="crtdialecttyp

<xs:simpleType name="crtdialecttype">
<xs:restriction base="xs:string">
<xs:enumeration value="crt"/>
</xs:restriction>
</xs:simpleType>

<!-- (B.2) the comment field -->
<xs:element name="comment" type="xs:string"/>

<l-- (B.3) the visual representation -->
<!-- colour format: Oxrrggbb -->
<xs:element name="visualrepresentation">
<xs:complexType>
<xs:sequence>
<xs:element name="shape" type="xs:string" m
<xs:element name="colour" type="xs:string"
</xs:sequence>
</xs:complexType>
</xs:element>

<l-- (B.4) the sockets -->
<l-- mincardinality and mincardinality: either '
<l-- attribute type: either pair of soeckts with
or any number of sockets with any type -->
<xs:element name="crtsockets" >
<xs:complexType>
<xs:sequence>

<xs:element name="socket" minOccurs="1" max

<xs:complexType>
<xs:sequence>

<xs:element name="name" type="xs:string" minOccurs=

deltypetype"” minOccurs="1" maxOccurs="1"/>
:string” minOccurs="1" maxOccurs="1"/>
s:string" minOccurs="1" maxOccurs="1"/>
="xs:string" minOccurs="1" maxOccurs="1"/>
ing" minOccurs="1" maxOccurs="1"/>
xs:string" minOccurs="1" maxOccurs="1"/>
"xs:integer" minOccurs="1" maxOccurs="1"/>
s:integer" minOccurs="1" maxOccurs="1"/>

maxOccurs="1">

nOccurs="1" maxOccurs="1"/>

curs="1" maxOccurs="1"/>

tation" minOccurs="1" maxOccurs="1"/>
nOccurs="1" maxOccurs="1"/>

viour" minOccurs="1" maxOccurs="1"/>
inOccurs="1" maxOccurs="1"/>

lations" minOccurs="1" maxOccurs="1"/>

e"/>

maxOccurs="1"/>
minOccurs="1" maxOccurs="1"/>

* or any integer value >= 0 -->
type 'source’ and 'target’

Occurs="unbounded">

"1" maxOccurs="1"/>
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<xs:element name="uuid" type="xs:string" minOccurs=
<xs:element name="mincardinality" type="xs:string"
<xs:element name="maxcardinality" type="xs:string"

<XS: element name="colour" type="xs:string" minOccurs="0

</xs:sequence>
<xs:attribute name="type" type="xs:stri
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>

<!-- (B.5) the adaptation behaviour -->
<!-- galcode element: contains CDATA -->
<l-- um var type: can be any type, default: accor
range: depending on the type, so anyType has be
<xs:element name="adaptationbehaviour">
<xs:complexType>
<xs:sequence>
<xs:element name="usermodel" minOccurs="1"
<xs:complexType>
<xs:sequence>
<xs:element ref="umvariable" minOccur
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="galcode" type="xs:string"
</xs:sequence>
</xs:complexType>
</xs:element>

<xs:element name="umvariable">
<xs:complexType>
<xs:sequence>

<xs:element name="umvarname" type="xs:string" minOc

<xs:element name="public" type="xs:boolean

<xs:element name="persistent" type="xs:boolean" min

<xs:element name="type" type="xs:string" m
<xs:element name="range" type="xs:anyType"
<xs:element name="default" type="xs:string
<xs:element name="location" minOccurs="0"
<xs:complexType>
<xs:sequence>
<xs:element name="web" minOccurs="0"
<xs:element name="remotecourse" type=
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>

<!-- (B.6) constraints -->
<xs:element name="constraints">
<xs:complexType>
<xs:sequence>
<xs:element name="allowedinloop" type="xs:b
<xs:element ref="attributeconstraints" minO
<xs:element ref="umvariableconstraints" min
</xs:sequence>
</xs:complexType>
</xs:element>

<xs:element name="attributeconstraints">
<xs:complexType>
<xs:sequence>
<xs:element name="attrconstraint" minOccurs
<xs:complexType>
<xs:sequence>

<xs:element name="socketid" type="xs:string" minOcc

<xs:element name="attributename" typ

<xs:element name="requiredvalue" type="xs:string" m

</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="umvariableconstraints">

Initial Implementation of the Concept Relationship Type Tool

"1" maxOccurs="1"/>

minOccurs="1" maxOccurs="1"/>

minOccurs="1" maxOccurs="1"/>
" maxOccurs="1"/>

ng" use="required"/>

ding to type (string is enough)
en chosen, may conatin further xml code -->

maxOccurs="1">

s="0" maxOccurs="unbounded"/>

minOccurs="1" maxOccurs="1"/>

curs="1" maxOccurs="1"/>
" minOccurs="1" maxOccurs="1"/>
Occurs="1" maxOccurs="1"/>
inOccurs="1" maxOccurs="1"/>
minOccurs="0" maxOccurs="1"/>
" minOccurs="1" maxOccurs="1"/>
maxOccurs="1'

>

maxOccurs="1"/>
"xs:anyType" minOccurs="0" maxOccurs="1"/>

oolean” minOccurs="1" maxOccurs="1"/>
ccurs="1" maxOccurs="1"/>
Occurs="1" maxOccurs="1"/>

="0" maxOccurs="unbounded">

urs="1" maxOccurs="1"/>
e="xs:string" minOccurs="1" maxOccurs="1"/>
inOccurs="1" maxOccurs="1"/>
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<xs:complexType>
<xs:sequence>
<xs:element name="umvariablename" type="xs: string" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>

<!-- (B.6) associated domain model relations. -->
<xs:element name="associateddmrelations">
<xs:complexType>
<xs:sequence>
<xs:element name="relationshiptype" type="x s:string" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>

</xs:schema>

2.3 Revisions

There is an important change on the CRT definition since the last deliverable on CRTs (D3.2a). The
construct of sockets has been introduced which allows for a more general way of expressing how CRTs are
related to each other. In the last deliverable, it was explicitly defined how many concepts are related with
how many concepts. In the new version this relation is implicitly defined, since concepts are collected in
sockets and sockets are related to each other.

Another change on the CRT format is done in terms of user model variables. In the GAL code user model
variables are used in order to update them. In this version all used user model variables used in the GAL
code are explicitly defined in the CRT.

3 Implementation and Integration of the CRT Tool

The basic design of the CRT Tool has already been outlined in D3.2a. It has been described that the tool has
a user interface where the author can create, edit and modify CRTs. CRTs should be stored on the server
side a using Web service and a database behind the Web service.

For the reason of a more efficient implementation the common functionalities of DM Tool, CRT Tool, and
CAM Tool have been integrated into the GRAPPLE Authoring Tools (GAT) shell. The functionalities of the
GAT shell are provided to all of these tools. The most important functionalities are providing a container
including a menu bar and handling the creation, loading, and saving of data models.

3.1 Implementation of the CRT Tool

From a technical point of view the CRT Tool consists of three parts, which are the user interface, the
application logic, and the CRT data model (see Figure 1). This design follows the Model-View-Controller
(MVC) design pattern, where the user interface is the view, the application logic is the controller, and the
CRT data model is the model.

User Interface Application Logic CRT Data Model

h
F
h

Figure 1: The CRT Tool architecture designed as Model-View-Controller design pattern

The user interface (Ul) is the place where the author can create and modify CRTs. Basically it is a graphical
representation of the CRT format which is described in Section 2. All the data fields defined in the CRT
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specification can be accessed through this Ul of the CRT Tool. Screenshots and explanation of the Ul are
described in Section 4.

The application logic is the component which handles the events from the Ul. Since parts of the CRT are
related or dependent from each other, modifications on these parts may affect other parts of the CRT.
Furthermore, the application logic is responsible for handing loading and saving CRTSs.

The CRT data model is the internal representation of the CRT. It is structured according to an object-oriented
approach. The data model is also responsible for converting the CRT to and from XML representation. Since
there are several classes representing specific parts of the CRT, each of these classes is responsible for the
conversion to and from XML representation.

Implementation of the CRT Tool has been done in Adobe Flex [1] programming language. Flex offers good
support for Web-based and graphical applications. The definition of the user interface is represented as XML
file and separated from the other parts of the application. The Flex compiler processes this XML definition of
the Ul and creates a graphical and interactive user interface of it. Flex projects are compiled into Flash
applications which can be executed by Web browsers that have installed the Flash plug-in.

3.2 Integration of the CRT Tool with the GAT shell and Web Service

The GAT shell is a Flex library which can be integrated into the tools. It provides a graphical container, a
menu and the functionality for loading and saving models from and to the Web service. Figure 2 depicts how
the CRT Tool is integrated with the GAT shell.

User Interface Application Logic p CRT Data Model

4
h

A Y

Ul inclusion Events from Load and save
5 the menu CRT model

GAT Shell

Load and
save models

Web Service

Figure 2: The CRT Tool integrated in the GAT shell

The GAT shell provides the menu from which events are raised if a user activates menu items.
Consequently, they have to be sent to the CRT Tool. The most important events are "open model", "save
model", and "save as". These events are received by the application logic which activates the transformation
of the internal CRT representation to and from XML format. The XML code and be sent to or retrieved from
the GAT shell. The GAT shell is responsible for saving and loading the models to and from the Web service.

4 Graphical User Interface of the CRT Tool

The graphical user interface (GUI) is an important part of the CRT Tool, since the purpose of this tool is to
empower authors to easily define CRTs. The requirements of the CRT Tool clearly point into the direction of
an easy to understand and usable interface for authors. The GUI in this initial implementation is the first
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version which will continuously be updated in further work. Anyway, the current version of the GUI provides
the possibility to edit all parts of the CRT so that a complete CRT can be defined.

The information needed to specify a CRT includes:
general information of CRTs, such as name and description, comment, creation time, and author
information how an instance of a CRT should be visually represented in the CAM
the structure of the CRT defined by so-called sockets and their properties
the GAL code which formally defines the adaptation behaviour
the user variables which the GAL code is accessing
the properties of the source and target socket which the CRT connects

constraints, such as the information if sequences of CRT instances may form a loop (which would
not make any sense for prerequisite relationships) or if concepts with specific attributes are excluded

relations to domain model relations

According to these parts of the CRT format specification there are several sections in the GUI in order to
define the respective parts in the CRT. These sections are structured with tabs which the author can use to
switch between the different parts of information. In the following the tabs are explained using screenshots of
each of them.

Tab 1: CRT General

In the first tab ("CRT General", Figure 3), the following CRT properties can be specified:
the title of the CRT
the description of the CRT, which should be a general verbal description

the visual representation consisting of the colour and the shape is specified; this defines how a CRT
is represented in the CAM tool.

the socket structure and the properties of sockets can be specified. Sockets are container where
concepts can be placed in the CAM tool. The properties of the sockets include name of the socket
and minimum and maximum number of concepts which can be placed in a socket. Furthermore
there are two structures: directed and undirected.

o Adirected structure means that there is a source and a target socket which are used by the
CAM to define a directed structure on concepts.

0 Anundirected structure means that concepts in sockets are not directed. Any number of
sockets is allowed for this mode.

Tab 2: Meta-Data
In the second tab ("Meta-Info", Figure 4), the following CRT properties can be specified:

comments include the pedagogical meaning of a CRT. The author can describe in free text the
pedagogical meaning, which is not processed by GRAPPLE

creation and modification time: time is automatically stored in these fields (cannot be changed by the
user, however the user should know when a CRT was created and updated the last time)

author: the author of the CRT is automatically stored (cannot be changed by the user, however the
user should know by whom this CRT was originally created)

Tab 3: GAL Code
In the third tab ("GAL Code", Figure 5), the following CRT properties can be specified:

GAL code: the GAL code defines the adaptive behaviour (the meaning of the CRT on a technical
level). The code has to be input in this text area as it is done for programming languages. This piece
of code will be interpreted by the GRAPPLE adaptive engine.
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Tab 4: User Model

In the forth tab ("User Model", Figure 6), the user model variables accessed by the GAL code can be
specified. UM variables can be added or removed and for each variable the following properties can be
specified:

General information:
name: the name of the user model variable
socket: the socket can be specified on which this UM variable is applied
Storage type:
0 public which defines whether GALE needs to submit updates to GUMF or not
o persistent which defines whether the value is stored or computed or retrieved by GALE
Value information

the type of the UM variable can be defined which can be one of integer, float, string, enum, or
boolean. The type determines which values can be expressed by this user model variable.

range and default: the range limits the range of values according to the specified type.
Location

the location determines where the user model variables occur (if it is mapped from an LMS outside
of the GRAPPLE engine).

Tab 5: Constraints

In the fifth tab ("Constraints", Figure 7), constraints can be defined which limit the usage of CRTs in the CAM
tool. The following constraints can be specified:

loops: this flag defines if it is allowed to create loops in the CAM tool with this CRT.

attributes: this table restricts which concepts can be added to a given socket. In the example below
only concepts may be added which have the value 'true' for the attribute 'visited'.

user model variables: CRTs accessing user model variables given in this list are not allowed as
'neighbours' in the CAM.

Tab 6: DM Relations
In the sixth tab ("DM Relations", Figure 8), the relations to domain models can be specified:

domain model relations: relations between concepts as used in domain maps can also be exploited
to connect concepts in a pedagogical way. The domain model relations are given as list by adding a
blank relation and modifying it in the list by clicking on it.
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Figure 3: CRT Tool: CRT General Tab
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Figure 4: CRT Tool: Meta-Info Tab

Figure 5: CRT Tool: GAL Code Tab
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Figure 6: CRT Tool: User Model Tab

Figure 7: CRT Tool: Constraints Tab
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Figure 8: CRT Tool: Domain Model Relations Tab

As described in Section 3, CRTs can be loaded and saved to a Web service where they are stored in a
database. This functionality is provided by the GAT shell. In the CRT Tool this can be done by using the
menu items in the file menu. Opening an existing CRT is done by using the "Open" menu item (Figure 9). A
list of existing CRTs will be displayed and the user can chose one and open it. Creating a new CRT can be
done by using the "New" menu item (Figure 10). A dialog is displayed where the user can input title,
description, and authorisation (specifying if a user has read and/or write access to this CRT). Title and
description can also be changed later on. Saving a CRT is performed by using the "Save" or "Save as" menu
item.
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Figure 9: CRT Tool: Opening a CRT

Figure 10: CRT Tool: Creating a new CRT
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5 Conclusion and Outlook

This report presented a description of the initial development of the CRT Tool as it has been designed in the
former Deliverable D3.2a. It has been shown that this tool is working and fulfils the basic requirements
identified in D3.2a. CRTs can be defined and modified and these CRTs can be loaded and saved in XML
format to and from a database on the Web. The tool is Web-based and provides a graphical interface for the
author.

The final version of the CRT Tool will be delivered and described in Deliverable D3.2c. Since the
development of the components which make use of CRTs is not finished yet, there may be a request for
further modifications of the CRT specification. The most important work to be done for next version will
concern the user interface. It is aimed to improve the support for the author when creating CRTSs.
Furthermore, the results of the evaluation will be taken into account and influence the further work on the
CRT Tool.

The CRT Tool will be demonstrated at the EC-TEL 2009 [3] conference and presented in a poster session at
the ICCE 2009 [2] conference. Feedback from this demonstration and presentation sessions also might
influence the further work.
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Appendix

5.1 CRT Examples

In this section two examples of CRT definitions are given.

The first example is a prerequisite CRT and the following XML code defines a CRT which expresses a
prerequisite relation. The explanation of the example is given in Section 2.

<?xml version="1.0"?>

<model
xmins="http://grapple-project.org/GAT/"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-insta
xsi:schemalocation="http://grapple-project.org/GA

<header>
<l-- the modeltype has to be ‘crt' [other tools
<modeltype>crt</modeltype>
<l-- the UUID of this model -->

<modeluuid>cf5de7f5-12b5-4720-92e5-736cac59985b<

<l-- the UUID of the author of this model -->

<authoruuid>ffffe7f5-12b5-0000-92e5-736cac59985x

<l-- the permissions of the author of this mode

<authorisation>readwrite</authorisation>

<l-- the title (name) of this CRT -->

<title>prerequisite</title>

<l-- some general description of this crt -->

<description>This is an example of a prerequisi

<l-- date and time when crt was created in unix

<creationtime>1252680646515</creationtime>

<l-- date and time when crt was moified last in

<updatetime>1252680646815</updatetime>

</header>

<body>
<crt>

<l-- has to be ‘crt' [possible values for ot
<crtdialect>crt</crtdialect>

<l-- free text description of the pedagogical
<comment>
This CRT defines a prerequisite relations m
one concept (or socket) should be presented
</comment>

<I-- the visual representation: this crtis r

<visualrepresentation>
<shape>diamond</shape>
<colour>0x00ff00</colour>

</visualrepresentation>

<I-- definition of the sockets whch define th
<crtsockets>
<socket type="source">
<name>beginner</name>
<uuid>cf5de7f5-12b5-4720-92e5-222zz777772
<mincardinality>1</mincardinality>
<maxcardinality>*</maxcardinality>
<colour>0x00FFCC</colour>
</socket>
<socket type="target">
<name>advanced</name>
<uuid>cf5de7f5-12b5-4720-92e5-pppppppPPPPP
<mincardinality>3</mincardinality>
<maxcardinality>3</maxcardinality>
<colour>0x00FFCC</colour>
</socket>
</crtsockets>

<!-- defines the adaptive behaviour -->
<adaptationbehaviour>
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<usermodel>

<!I-- a list of user model variables used in the gal code are listed here -->
<umvariable>
<l-- the name of the user model variabl e-->
<umvarname>knowledge</umvarname>
<!-- defines whether GALE needs to subm it updates to GUMF or not -->
<public>true</public>
<!-- defines whether the value is store d or computed or retrieved -->

<persistent>true</persistent>
<!-- the type is float -->

<type>float</type>
<!-- the range of this variable is from 0.0t0 1.0 -->
<range>
<from>0</from>
<to>1</to>
</range>
<l-- the default value of the um variab leis 0 -->
<default>0</default>
<l-- if the concept which this um varia ble refers to is not located in the domain
model, but only in an external resour ce, the this resource has to be specified -->
<location>
<!-- the link to the resource where c oncept and um variable is available-->
<web>http://www.mySakailnstallation.c om/course</web>
<remotecourse>
<l-- the name of the resource -->
<remotecoursename>myCourseOnSakai</ remotecoursename>
<resource>
<resourceuniqueid>cf5de7f5-12b5-4 720-92e5-tttttttttttt</resourceuniqueid>
<resourcename>myTest</resourcenam e>
</resource>
</remotecourse>
</location>

</umvariable>
</usermodel>
<galcode>

<I[CDATA[

/I gale code here

1>

</galcode>
</adaptationbehaviour>

<!-- constraints -->
<constraints>

<!I-- expresses whether this crt can occur i n a (directed) loop of

the same crt (assumes binary crts: with 2 s ockets) -->
<allowedinloop>false</allowedinloop>

<!-- defines a list constraints which conce pts have to fulfill that they

are allowed to be in a socket -->
<attributeconstraints>

<!-- if there are multiple constraints at trConstraints they are
connected by "and" as it is
the more natural interpretation from an a uthor's point of view -->
<attrconstraint>
<!-- in the soccet with uuid 'cf5de7f5- ... only english concepts are alloed -->
<socketid>cf5de7f5-12b5-4720-92e5-zzzzz zzzzz777</socketid>

<attributename>language</attributename>
<requiredvalue>en</requiredvalue>
</attrconstraint>
</attributeconstraints>
<l-- defines a list of UM variables that ar e not allowed to apear in crts
in the "neighbourhood" (refering to at leas t one of the same entities) -->
<umvariableconstraints>
<umvariablename>visited</umvariablename>
<umvariablename>knowledge</umvariablename >
</umvariableconstraints>
</constraints>

<l-- relations to domain model: crt is referr ing to these domwin map relation types -->
<associateddmrelations>

<relationshiptype>is_a</relationshiptype>

<relationshiptype>part_of</relationshiptype >
</associateddmrelations>

</crt>
</body>

</model>
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The second CRT example is a definition of a goal and has a different structure than the prerequisite

example.

<?xml version="1.0"?>

<model
xmins="http://grapple-project.org/GAT/"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-insta
xsi:schemalocation="http://grapple-project.org/GA

<header>
<l-- the modeltype has to be 'crt' [other tools
<modeltype>crt</modeltype>
<l-- the UUID of this model -->
<modeluuid>cf5de7f5-12b5-4720-92e5-736cac59985c<
<l-- the UUID of the author of this model -->
<authoruuid>ffffe7f5-12b5-0000-92e5-736cac59985x
<l-- the permissions of the author of this mode
<authorisation>readwrite</authorisation>
<l-- the title (name) of this CRT -->
<title>goal</title>
<l-- some general description of this crt -->
<description>This is an example of a goal crt</
<l-- date and time when crt was created in unix
<creationtime>1252680646515</creationtime>
<l-- date and time when crt was moified last in
<updatetime>1252680646815</updatetime>
</header>

<body>
<crt>

<l-- has to be 'crt' [possible values for ot
<crtdialect>crt</crtdialect>

<l-- free text description of the pedagogical
<comment>

This CRT defines a goal which is a set of ¢
</comment>

<I-- the visual representation: this crtis r

<visualrepresentation>
<shape>diamond</shape>
<colour>0x00ff00</colour>

</visualrepresentation>

<I-- definition of the sockets whch define th
<crtsockets>
<socket type="goal">
<name>goal</name>
<uuid>cf5de7f5-12b5-4720-92e5-zzzzzzzzzzz
<mincardinality>1</mincardinality>
<maxcardinality>*</maxcardinality>
<colour>0x00FFCC</colour>
</socket>
</crtsockets>

<l-- defines the adaptive behaviour -->
<adaptationbehaviour>
<usermodel>
</usermodel>
<galcode>
<I[CDATA[
/I gale code here
1>
</galcode>
</adaptationbehaviour>

<l-- constraints -->

<constraints>
<!I-- expresses whether this crt can occur i
the same crt (assumes binary crts: with 2 s
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<allowedinloop>false</allowedinloop>
<!-- defines a list constraints which conce
are allowed to be in a socket -->
<attributeconstraints>
<!-- if there are multiple constraints at
connected by "and" as it is
the more natural interpretation from an a
<attrconstraint>
<!-- in the soccet with uuid 'cf5de7f5-
<socketid>cf5de7f5-12b5-4720-92e5-zzzzz
<attributename>language</attributename>
<requiredvalue>en</requiredvalue>
</attrconstraint>
</attributeconstraints>
<umvariableconstraints/>
</constraints>

<I-- relations to domain model: crt is referr
<associateddmrelations/>

</crt>
</body>

</model>

pts have to fulfill that they

trConstraints they are
uthor's point of view -->

..."only english concepts are alloed -->
zzzz777</socketid>

ing to these domwin map relation types
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