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Summary

This research report outlines a preliminary definition and design of a concept relationship type (CRT) tool.
Objectives of a CRT tool for representing relationship types based on the domain model (DM) and for
defining adaptation rules towards a conceptual adaptation model (CAM) are analysed and documented.
Existing software tools that are related to the definition of a CRT tool are reviewed and analysed in order to
identify how they can inspire and feed into the CRT tool design and implementation. The requirements
towards a CRT tool that result from the state of the art and literature as well as from the requirements
analysis carried out in university and industry settings are investigated and specified from technological as
well as from a psycho-pedagogical perspective. Specifics with regard to requirements and functionalities in
the context of simulations and virtual reality are elaborated and reported. Based on these steps of analysis
functionalities and components constituting the building blocks of the CRT tool and their initial design are
delineated.

Authors
[Persor  fEmal 0 |[Pemeroe |

Christina Steiner chr.steiner@uni-graz.at UniGraz
Alexander Nussbaumer alexander.nussbaumer@uni-graz.at UniGraz
Kees van der Sluijs k.a.m.sluijs@tue.nl TUe
Maurice Hendrix Maurice@dcs.warwick.ac.uk Warwick
Alexandra Cristea acristea@dcs.warwick.ac.uk Warwick
Martin Harrigan martin.harrigan@cs.tcd.ie TCD
Vincent Wade vincent.wade@cs.tcd.ie TCD
Frederic Kleinermann Frederic.Kleinermann@vub.ac.be VUB
Olga De Troyer Olga.DeTroyer@vub.ac.be VUB

Integrated model of adaptation on learning with specifications Page 2 (62)



GrROPPLE
D3.2a - Integrated model of adaptation on learning with specifications (v1.0), 19-12-2008

Table of Contents

SUMMOARY ettt ettt a oo h bR e E e R e e ea bbbt h et e et an e r e an e e nre s 2
F I (O] TSR 2
TABLE OF CONTENTS ....ttiitii ittt ettt etttk s ke a bttt e e s et e bt e e et e et e e e b et e en e e e anbeesnreeenre s 3
TABLES AND FIGURES. ... ittt cee et ettt e ettt e ettt e e sttt e em bt e e st e e mbe e e see e e se e e amteeebeeeanbeeeasaeeaneeeanneens 5
LIST OF ACRONYMS, ABBREVIATIONS AND SYNONYMS ...... oottt 6
1  BASICS ON THE CRT TOOL ..coiitiiitiiiiite et ettt ettt ettt ettt e b e eab et e sebe e e sneennbeeaine e 6
0| 1 {0 To [ o4 o o U ST O TR P TSP P ST PUPP PP 6
12 Relation of the CRT tool to the Domain Model and Co  nceptual Adaptation Model....................... 8
121 REIALION 10 DIM ...ttt h e eh e et e bt et e e nae e e n e e e e e e ae e e e 8
122 REIALION 10 CAM ..ottt bbbt e et n e et e e sae e e s be e et e et e e 9
2 RELATED WORK ..ottt ettt ot e e ettt e e ete e e st e e e ete e e e et e e e es et e ea s e e e s ee e emse e e amaeeeameeeenbeeeanseeeseeeenseeanneeas 9
21 Concept relationship types in AHA! and their use in the Graph Author tool........ccccccveiiiiiieees oo 9
22 The Domain Map Editor for Defining Skills and Skill S L0 [0 (0 =R 10
23 The Adaptive Course Construction TOOIKIL .......... coooiiiiiie e 11
23.1 ACCT and GRAPPLE’s Conceptual Relationship TOOl (CRT) .....ovvviieeiiiiiiiiiieeieeee e 15
24  Pedagogical strategies as described in LAOS (use by My Online Teacher Authoring tool)...... 15
24.1 My Online Teacher (MOT) @Nnd LAOS ........ooiiiiiiiie ittt 15
2.4.2 MOLIVALION FOF USING LAG .. ..eeiiiiieiiiiee ettt ettt ettt e ettt e e e bttt e e e s nbae e e e nnteee e e e nneee 16
243 The MOT @XIENSION SIIUCTUIE ......eeeeieieeeeeee ettt ee e e e e e e e eeer e e e e e e s e s nnaeeeeeeeaeeeeaaaasserbeeeeeaeeseaaanns 16
244 The Motivation for the LAG Adaptation LanQUAGE ........cccueeeeiiiiieeeese e e aeee e e seiirieeeeee e e e e e 16
245 EXAMPIE SEAIBOIES ... iiiie ettt et e et e e st e e e e bt a e bb e e e nea e e e neee 17
25 Otherrelated WOrK @nd T00IS ......ccoiiiiiiiiiiis e e e e e e e e e e s anrree e 20
3 REQUIREMENTS TOWARDS A CRT TOOL...ccctitiiiiiiiit ittt ettt ettt sn e 20
B1  Psycho-pedagogiCal PEIrSPECHIVE ........ccciiiiiiiis oottt er e e 21
3.11 General psycho-pedagogiCal reqUIrEMENES.........ccveiieiiiiiie ittt ee e sea e e 21
0 I I I T4 T To IR 1 U= T OO OPPPR ST 21
3.1.1.2 Relevant psychological and pedagogical approaches ..........cccccceeeiiiiiiiiiiiiee e 24
3.1.1.3 Indications from requiremMents @nalYSIS...........occuiiiiiiiiie i 27
B2  TeChNOIOGICAl PEISPECLIVE......coiiiiii ittt ettt et e st e e s bbb e e e e et e e e enbb e e e s annneeas 29
3.2.1 General technologiCal reQUINEMENTS..........uuiiiiiiie e e e e e e e s e e e e e e e s e nneeeeees 29

Integrated model of adaptation on learning with specifications Page 3 (62)



3.2.2 Specific technological requirements in the context of SIMUIAtIONS ...........ccccovviiieiiiiiee e 32

3.2.3 Specific technological requirements in the context of virtual reality ............ccooocciie i, 33
33 Implications from the requirements towards a CRT to Ol et 34
4 SCENARIO(S) ON CRT TOOL USE .....cuiiiiiiiiiieet et eieie ettt et e e te e e s eeeanbee e snbeeemneeeeneeeaneeeanee 35
BI GENEIAI SCENANIO(S) +rreeeiuurrrteaiiutiteeiiiries tteteeaateee e s s ateee e e s aas bt ee e s bbeeeeeabe et e eabbbeeesabbbeeesannbeeeeanbnneeesannneeas 35

41.1 A scenario on the use of existing relationship tYPES ....oooee e 35

41.2 A scenario on the definition of new concept relationship types........cccoovveiiiiiiiiieeee e 37

4.1.3 A scenario UtiliSiNg DM FelatiONS .......cceoiuiiiiiiiiiiie sttt e e s sar e e s nnbaeeenaa 38

4.1.4 A scenario using behaviour definition for combinations of CRTS.........cccviiiiiiiiiiiie e 38
4.2 Specific Scenario(s) in the context of SIMUIALIONS  ....oiiiiiii e 39

421 Step 1: A SIMPIE SIMUIATION ...coeiiiiiie i e e s b e e e sbeee e e s neee 41

422 Step 2: More ServiCes and CONCEPLS ......uuiiiiiiiiee e et eee e e e e e e st rreeeeeeasaasanerereeeaeeesannnnnneneees 42

423 Step 3: Adaptivity through TaggiNg .....cvveeeeiiiieie e sre e e e 43

424 Step 4: Adaptivity through Relationship TYPeS.....cooo i 44
4.3 Specific Scenarios in the context of Virtual Realit Y (VR) cvvviiiiiiiiiiee e 45

43.1 Scenario 1: VR-resources for individual CONCEPLS.......ccvvviieiiiiiiiiiiiiiie et 45

4.3.2 Scenario 2: A truly virtual [earning WOIId ............oooi e 46

4.3.3 Scenario 3: A YDA SCENATO. .......uuiiiiiiiie et e e st e e e sbeee e e e neee 47
5 DEFINITION AND DESIGN OF THE CRT TOOL ....ccciiiit ittt 47
51  Vocabulary of concept relatioNShiPS.......ccociies et 47
B2 TOOI AICNIEECIUIE ... .ttt ettt b et s bt ea e ettt e e e et e e e e 47
5.3 Input and OULPUL Dat@ FOIMALS ......ccciiiiiiiiis ettt 48
Bl INEEITACE ...t ettt h e e 49
REFERENGCES ... ..ottt ettt h et a e s e b e e 1ot e ettt e e et e e e he e e eh et et e es e e e sbe e e e e e e anes 49
B APPENDIX ..ottt et h e Rttt e h et et 55
0 R I o[ =11 010 1= | TP PO PP PPPPIN 55
B.2  LAG grammar SEMANTICS .....cueiiiiiiiiieiiiiiiis eeeitieerre e e sttt e sttt re e e st st e e s ste e e sbb e es e e e s bt e e e e e aabe e e e e e enes 56
BB EXAIMIPIES s et 58
64 LAG adaptation [anguage Creation PrOCESS ......ccc. covrireeieaiiieieeaiie e e s artre e e s s stbe e e s s be e e e e snneeeeaanrreeenaa 59

6.4.1 Interface Adaptation LangQUage SYNTAX ........eeeiiiiiiieiiiiiee e iiiiie s esieie e stbie e siibee e snbeeessnnineeesssneaees 60

6.4.2 The adaptation language COMPIIET ........ooei oo e e e e e e e e e ee e e e e e e e e nnnns 61



Tables and Figures

List of Figure

Figure 1: AHA! Graph AUtNOr TOOI .. ..cooi ittt e e e e e eeeeeeeeeeeeeees 10
Figure 2: Knowledge Domain MOEl ...........oooiiiiiiiiiiiiiii e e e e e e e eeaes 11
Figure 3: The Adaptive Course Construction Methodology (ACCM).........uveiiiiiiiiiiiiiiiiiieiieeeeeeeeeens 12
Figure 4: The Multi-Model Metadata Driven ArchiteCture...........cooveviiiiiiiiiiiiiiiiee e 13
Figure 5: The Subject Matter Concept Space (SMCS) BUIlder. ..........cooevviiiiiiiiiiiiiiiiiiiee e 14
Figure 6: The Narrative BUIIAEr. .........ooooiiiii it ee e e e e e eeeeeeeeeees 14
Figure 7: *Showafter relationNSNiP ..........c i e e e e e e e e e e e eeeeaes 17
Figure 8: ‘Showatmost’ via hide relation, only needed if prerequisite does not hide concepts ....... 18
Figure 9: ‘Countaccess’ relatioNSNIP. .. . .iiiii i e e e e e aeeeaean 18
Figure 10: The main relation implementing the ‘Depth First’, the logic in the constraint takes care of
showing the appropriate next concept, either the next child or the next sibling. ...................... 19
Figure 11: The relation shows _Y if _X has been shown the condition is: _Y.parent==_X............. 19
Figure 12: Cyclical model of the self-regulated learning process (adapted from Zimmerman, 2002)
............................................................................................................................................... 25
Figure 13: CRT Tool. Conceptual screen design - draft ............cccccuveeiiiiiiiiiiiiiiiieeeeee e 31

Figure 14: Example geometry concepts and their interrelation as reflected in the domain model.. 35
Figure 15: Visualised example of the relationships defined among the domain concepts by the use

of the concept relationship type ‘Prer@qUISITE .........ii e 36
Figure 16: Example domain model for the domain of art and artwork.............cccccveeveviirivireeennennnn. 37
Figure 17: lllustration of the relationships defined among the DM concepts using placeholder

oo g o= o) k3= (o IO I PP 38
Figure 18: lllustrative example for a DM 0N AUSEFAlIA ...........uuuimeiiiiiiiiiiiiiiiiiieiee e 39
Figure 19: lllustration of the relationships defined among the DM concepts of Australia using the

CRTs ‘interest group’ and ‘related topic’ and relationship to UM...........cccccceeiiiniiiiiviiiiiciineeenn, 39
Figure 20: The WOTKFIOW LEJENG. .....uuueiiii e e e e e e e e e et s aeeaaeaeaeees 41
Figure 21: The Simple Scrum Learning ACtiVIy (STEP 1). .ovvvuuriuiiiiiiieieeieiiiiie e ee e 42
Figure 22: The Simple Scrum Learning ACLIVItY (STEP 2). ..ceeiviiiiiiiiiiiee e 43
Figure 23: The Simple Scrum Learning ACtiVity (StEP 3). wevuviriiiiiiiiiiiiieieee e, 44
Figure 24: The Simple Scrum Learning ACtiVity (StEP 4). .evvveviviiiiiiiieee e, 45
Figure 25: CRT TOOI ArCRItECIUIE. ... ..uuuiiiiiiiiiiiiiieiiie et eee et e e e e e et e e et e e e e aeaeaaeaeaaaaaeaaaeaaaeaaaanaens 48

List of Tables

Table 1: Learning Styles famili©S ........ooevviiiiiiiiiie e e e e e 26

Table 2: Overview on the most-wanted adaptation criteria for corporate and university settings,
indicating the mean interviewee ratings. Stakeholders were required to indicate the importance
of adaptation to the respective criteria on a scale from 1-10. In the table the mean importance

[ LT To ER= T L= o | [oF= 1 = o RSP R 28
Table 3: Overview on the most-wanted adaptation technologies (superordinate categories only) for

corporate and university settings, indicating the mean importance ratings.............cccccceeeeeennn. 28
Table 4: Overview on the most wanted adaptation technologies (specific techniques) for university

and corporate settings, indicating the mean importance ratings..............ccceveeeeeeeeiereeeeeeereeeeeen 29
Table 5: The LAG adaptation [anguage SYNTAX ..........uueuiiiiiieeiieeiiiiiinin e eeeeeeeiiiisss e e e seeeesnnnnn e eeens 59
Table 6: Interface adaptation [anguUAaQe SYNLAX..........coeeiiieiiieeei e 61

Table 7: MOT concept attribute SPeCIfiCAtION ..........cuvvieiiiiiii e 61



GrROPPLE
D3.2a - Integrated model of adaptation on learning with specifications (v1.0), 19-12-2008

List of Acronyms, Abbreviations and Synonyms

ACCM The Adaptive Course Construction Methodology

ACCT The Adaptive Course Construction Toolkit

AE Adaptation Engine

AEH Adaptive Educational Hypermedia

AH Adaptive Hypermedia

AHA! Adaptive Hypermedia Architecture

AM Adaptation Model

CA Condition-Action (rules)

CAM Conceptual Adaptation Model; also called: Adaptive Story Line; Adaptation Strategy
CRT Concept Relationship Type(s); also called: (Pedagogical) Relationship Type(s)
DM Domain Model

ECA Event-condition action (rules)

GAL GRAPPLE Adaptation Language

GM Goal Model

GRAPPLE Generic Responsive Adaptive Personalized Learning Environment

GUI Graphical User Interface

LAG Layers of Adaptive Granularity

LAOS Layered WWW AHS Authoring Model and their corresponding Algebraic Operators
MOT My Online Teacher

PM Personalisation Model

UM User Model

VR Virtual Reality

1 Basics on the CRT tool

1.1 Introduction

The concept relationship type (CRT) tool constitutes a tool to be implemented in the GRAPPLE environment
for defining relationship types on a conceptual level, and in relation to the domain model (DM). The tool will
enable learning designers to define at least such relationship types such as prerequisites or inhibitors. In
principle, the definition of relationship types is conceivable on a concept-to-concept level, but also on a more
general level of linking multiple concepts and groups of concepts. In addition to concepts also services and
resources can be interlinked with CRTs. Relations can be of binary nature, or of n-ary nature, which means
that for example one concept can be linked to n other concepts. In addition to establishing relationship types,
the tool also addresses the definition of how the relationship types can be used in terms of associated
adaptation. This means, preliminary adaptation rules (behaviour) for each type of relationship can be set up
and stored in the CRT library.

The CRT tool is working together with the domain model (DM) on the one hand, and with the conceptual
adaptation model (CAM) on the other hand. Concept relationships types are defined in order to be used in
interrelation with and referring to the DM in the context of the CAM, which thus uses the output of the CRT
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tool for defining actual adaptation strategies. The output of the CRT tool is a set of CRTs, whereby each
CRT can be instantiated by the CAM authoring tool. In the CAM authoring tool adaptation strategies can be
defined by connecting concepts with relationships which are defined in the CRTs.

For the definition and design of the CRT tool, the state-of-the-art on related existing authoring tools needs to
be taken into account. Furthermore, the CRT tool design needs to be grounded on an analysis of
technological and pedagogical requirements, and has to take into account specific additional necessities for
the application in specific contexts.

The CRT tool is used for defining relationship types which may subsequently be used on the basis of the
domain model to further enrich the respective subject matter representation in the CAM. By using the CRT
tool, the possibility is provided to define the whole range of conceivable relationship types with pedagogical
impact, such e.g. prerequisite, co-requisite, mutual exclusion, inhibitor, facilitator, opposition, precedence,
happens before, special case... However, the CRT tool's purpose is only the definition of the relationship
types, but not the definition of actual instances for those relationships. The latter is actually done in the CAM.
The relationships types defined in the CRT tool can be used to define relationships directly among concepts
(e.g. Michelangelo prerequisite The Last Judgement), or on a more general level between concept
classes or categories using placeholders (e.g. creator prerequisite artwork). The definition of
relationships between more generic concepts does not act directly on the DM, whereas on an immediate
concept-to-concept level, the CRT could refer directly to the DM.

One main aim for the definition and design of the CRT tool is to come up with and provide a predefined
vocabulary of relationship types that can be used by the learning designer or course author. Thus, to create
a library of relations, with CRT names, descriptions and stored associated behaviour (in a GRAPPLE-
approved format). In this case, and author using the CRT tool means browsing through this library searching
for specific names or descriptions. The author then uses the chosen relationship type(s) provided by the
CRT tool in the CAM definition tool. Furthermore, an option to add new relationship types needs to be
provided by the CRT tool, in order to realise models and tools that are open to extensions and adaptation to
users’ specific needs. Such a customisation (editing; modifying; deleting) of relationship types (and what they
mean in terms of adaptation) is done by the author via the CRT tool itself. A library will be available where
CRTs are stored and retrieved. In order to avoid eventual and unexpected changes of courses by the
modification of CRTs through authors, probably the tool will differentiate between public and private CRTs.

The relationship types to be included in the vocabulary of the CRT tool need to be meaningful from a
technological point of view, in terms of being usable for defining adaptation rules and implementing adaptive
system behaviour. Furthermore, this vocabulary of relationship types needs to be meaningful especially from
a psycho-pedagogical perspective, i.e. the relationships need to be suitable for capturing and being aligned
with pedagogical approaches and teaching strategies and for translating them into corresponding adaptive
story lines. In general, learner independent as well as learner-dependent relationship types are conceivable.
With respect to learner-dependent relationship types it needs to be specified to which aspects or pieces of
information from the user model (UM) they refer.

In addition to the definition and establishment of relationship types, the CRT tool is also used to define
possible adaptation rules that exploit the respective relationship. This means that, instead of only defining a
‘prerequisite’ relationship type, it is also documented in which way this relationship type can be ‘translated’
into adaptation. For each CRT there is a specific adaptation behaviour pre-defined (using an adaptation
language which is concern of research in the GRAPPLE project), so that authors can choose between them
without being computer literates. These adaptation rules will also relate to concrete adaptation techniques
and can therefore relate to certain types of visualisation or presentation. For instance, for the relationship
‘prerequisite’, one adaptation rule may define to disable (or hide) links for which the necessary prerequisites
are not yet available; another rule may determine that content related to prerequisite concepts is annotated
etc.

The definition of relationship types is completely independent from the DM; a certain relationship type may
be applied in the context of different domain models. This allows a high degree of reusability of CRTs.
Through the definition of preliminary adaptation rules, the link (or rather, possible links) to the content level
are established on an abstract level, but not relating to actual content objects. The definition of adaptation
rules furthermore establishes also the connection to the user model, in case of learner dependent adaptation
rules (in the sense that by using certain CRTs in the CAM tool, specific user model variables are expected to
be present in the UM; thus, the UM schema should minimally contain the variables that allow the type of
adaptation designed).

The output of the CRT tool is a set of relationship types (customised by the author to his/her
preferences/needs) which can be used to define concrete relationships among concepts and other entities.
The relationship types defined and provided by the CRT tool can be considered as pedagogical
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relationships. In conjunction with these relationship types the CRT tool provides a comprehensive
assortment of possible adaptation rules from which to choose for setting up teaching and corresponding
adaptation strategies. Thus, the CRT tool provides the basis for realising different teaching strategies in the
CAM. Depending on the actual selection and assembly of adaptation rules in the CAM definition tool, a
certain pedagogical approach/teaching strategy can be translated into an adaptive story line using the DM
concepts and the CRTs.

In order to enable the CRT tool’'s use not only for highly skilled learning designers and course authors, but
also for less skilled authors, instructors, and teachers, the CRT tool needs to provide an attractive, simple,
and understandable interface in order to enhance its handling and usability. The use of functionalities
provided by the CRT tool should be intuitive and straightforward, but at the same time allow sophisticated
operation and output. For the communication with users, probably another notion than CRT should be used
that is more understandable to prospective users (e.g. pedagogical relationships).

For the definition and design of the CRT tool, existing tools that can inspire and feed in to the envisaged tool
need to be reviewed; requirements arising from the pedagogical and technological perspective need to be
reviewed and prioritised, in order to come up with a preliminary definition of the CRT tool that will build the
basis for its technical implementation. In particular, the specific requirements and conditions that are given in
the context of simulations and virtual reality need to be taken into account. It is to be analyzed if these render
a complementary set of requirements, or if these requirements can be merged with the regular CRT tool
requirements.

1.2 Relation of the CRT tool to the Domain Model and C onceptual Adaptation
Model

The CRT tool is used for modelling relations and relation-based adaptation on a conceptual level and can be
considered as an intermediate between the domain model and the conceptual adaptation model.

1.2.1 Relation to DM

The domain model (DM) defines and represents the domain or subject concepts. Basically, the DM is a
taxonomy of concepts featuring only a few types of domain relation’, e.g., is-a or sub-/super ordination.
Moreover, also attributes and other meta-data of the domain concepts are captured by the domain model
(e.g. the artist of a certain artwork represented in the DM). The DM can be created by a teacher/course
author familiar with the subject domain, and is visualised in form of a subject matter graph (conceptual
graph), where the nodes represent the concepts and the edges represent the relations between concepts.

The DM does not represent actual content resources (hyper documents or learning objects), but is rather the
underlying representation of the domain to which content resources can be related. This means that the DM
represents the domain on a conceptual level, and is defined completely independent from actual content
resources. Content resources have meta-data where relations to concepts can be defined.

Basically, three different categories of relationships (or relationship types) can be distinguished and are
involved in the context of the authoring tools: hierarchical relations, semantic relations, and pedagogical
relations. While hierarchical relations and semantic relations among domain concepts are dealt with in the
DM, the pedagogical relations actually refer to the relationship types that are captured by the CRT. These
pedagogical relationships are not used to describe the domain on a semantic level, but constitute types of
relations that are used for defining adaptation rules and that are subsequently used for realising instructional
strategies in the CAM. Special cases are, however, semantic relations or hierarchical relations that are used
for pedagogical purposes. Such relations need to be associated a certain adaptation behaviour, which is
possible also via the CRT tool. An example is, for instance, the usage of the hierarchical parent-child relation
between concepts to present them in breadth-first or depth-first manner, as required by the holistic and
sequential learning styles, respectively.

There are, on principle, three options how the interconnection between the relationships in the DM and CRT
tool can be designed:
a) no connection between CRT and DM relations at the level of the CRT tool
b) explicit, hardwired connection between the CRT and the DM relationships at the level of the CRT
tool

! Please note that these relations are different to CRTs because CRTs have a pedagogic/psychological
nature.
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c) optional set of candidate DM relationships which can be converted to the current CRT at the level of
the CRT tool

Option a) means that there is no possibility to make reference from the CRT tool to the DM relationships. In
some cases, however, it might be useful to be able to adopt relationships reflected in the DM directly in the
CRT for the definition of adaptation behaviour. This possibility is reflected in options b) and c). While option
b) means there are explicit, fixed connections between relationships covered by the DM and the CRT, option
c) refers to an approach of providing possible options of DM relations that can be translated to the CRT.

The option decided (in the WP3 flash meeting on October 29, 2008) to go for is ¢). This option means a
loose link between DM and CRT. It provides a flexible and open approach for the course author, enabling
him both, to define his own non-existing relations and to carry over DM relations for the definition of adaptive
story lines. For example the author can exploit hierarchical relations in the DM without knowing the exact
names of the relationships.

1.2.2 Relation to CAM

The concept relationship types once created and provided by the CRT, can subsequently be used in the
context of the conceptual adaptation model (CAM). The CAM builds upon the CRTs and sets up the actual
adaptation strategy. This means, (various) CRT relationships are applied to DM concepts and adaptation
rules are selected and assembled in order to make up a final adaptive story line.

Depending on the teaching strategy to be followed, the corresponding adaptation rules and techniques are
selected by the teacher (pedagogic expert). An adaptive story line created with the CAM definition tool may,
for example, determine that the ‘prerequisite’ relationship type is used for adaptation to a learner’s current
knowledge (represented in the UM), using the specific adaptation rule from the CRT model: that content
related to concepts for which the learner does not have the necessary prerequisite knowledge is inaccessible
- via disabling the respective links. In addition, the relationship type of ‘facilitator’ is used to provide reference
to already existing knowledge, by pointing to concepts and learning contents already acquired by the learner
and known to enhance the current learning content.

This means, the CAM definition tool is used for drawing from the CRT model and the pool of adaptation rules
it provides, in order to translate a particular teaching strategy in an actual adaptive story line.

2 Related Work

This section provides an overview of related work from project partners as well as from the literature. More
precisely, already existing authoring tools that appear related to the CRT tool are reviewed and presented.
These tools and the related experiences inspire and feed into the CRT design and implementation. Most
probably, the scope of these existing authoring tools will all go beyond the scope of the CRT tool, but may
lack in focus. In particular, it will be identified and investigated which relationship types are covered in these
tools and how generic adaptation rules are set up for them. This analysis will serve as a starting point for
establishing a preliminary set of relationship types and associated adaptation rules that should be covered
by the CRT.

21 Concept relationship types in AHA! and their use i n the Graph Author tool

When the AHA! system (De Bra and Calvi, 1998) was initially designed, the actions of the user resulted in
user model updates, which in turn resulted in adaptation through a set of event-condition-action rules (ECA
rules) that had to be created by the author of the adaptive application (or course). This was a laborious
process because it required a lot of repetitive work to author many instances of identical or very similar user
model and adaptation behaviour. At the same time, it was also difficult for non-technical authors to create
ECA rules in order to define the adaptation for their course material.

To simplify authoring of the adaptation AHA! version 2 (and later 3) introduced concept relationships (CRs)
and concept relationship types (CRTs) (De Bra, Aerts and Rousseau, 2002). A CRT represents a type of
relationship between a set of generic concepts (or placeholders or variables for concepts). A CR is an actual
relationship between a set of specific concepts (or real concepts from the adaptive application). This is how
CRs and CRTs are defined in the AHAM reference model (De Bra, Houben and Wu, 1999). In AHA! a CR or
CRT is limited to being a unary or binary relationship (type).

A typical CRT is the prerequisite. When concept A is a prerequisite for B, it means that it is advisable to
study A before B. In AHA! the semantics of this CRT is defined through a template for the ECA rules that
implement the rule. This template could for instance say something like:
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B.suitability := A.knowledge > 50

This is just an example. There is nothing within the AHA! system that requires prerequisites to exist or to
have this semantics.

Two other typical CRTs are the knowledge update and the knowledge propagation. Knowledge update may
be used to update the user’s knowledge of a concept upon accessing that concept. In AHA! this would be
triggered by the access event, and it might have a condition and action:

if A.suitability then A.knowledge := 100 else A.knowledge := 35

Knowledge propagation may be used to update the user's knowledge of a higher level concept upon
changes to a lower level concept. The knowledge update of the low level concept triggers the rule:

P.knowledge := P.knowledge + _C.knowledge / 5

This would be an example where the knowledge of the parent concept P is incremented by 20% of the
update to the knowledge of the child concept C. (The _ is used to indicate that the change in the value is
used rather than the value itself.)

Again these are just examples. AHA! applications may use very different CRTs or may use the same CRTs
with different template ECA rules associated with them.

In AHA! the main conceptual authoring tool is the Graph Author tool (De Bra, Stash and De Lange, 2003).
Figure 1 depicts a screen dump of this tool. The figure shows the concepts of an example application, most
of which have been dragged to the drawing pane and connected by CRs. Each CR is of a type chosen from
the selection list shown in the top right of the image.

Apart from the restriction to unary and binary CRs and CRTSs, and the fact that such relations only connect
concrete content resources, what is missing most in AHA! is a user-friendly tool for creating new CRTs, and
defining their semantics (in terms of ECA rules). This is what the GRAPPLE deliverable D3.2a aims to design
and D3.2b and D3.2c aim to implement.

& craphical Author tool for AHA! applications 1.0 ol x|
File Concept Help
| Y || = | | i | B H| | O || &, || &, | crt: | knowledge_propagation hd
1 Beverages !:leﬁnes
[y HerkiTea !Ilu_st_rates
D Cofies ; inhibitor
: interest
[y cola ‘ -
D i : [knowledge_propagation
il knowledge update
[y champagne brerequisite
[ wine test
[ Hot
T v
D ? el Monalcahalic
[ Mineralwater >

D MadeFromGrain
D MadeFromGrape
[y nonaleohalic

D Sparkling

[y alcoholic

[ Beverages

MadeFromGrain
MadeFromGrape

Figure 1: AHA! Graph Author Tool

22 The Domain Map Editor for Defining Skills and Skil | Structures

The Domain Map Editor is a tool for structuring knowledge domains and for defining curricula. It has been
developed in the FP6 research project iClass (http://www.iclass.info/) in conjunction with several skill-based
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learning tools (for planning, competence assessment, self-evaluation, learner knowledge presentation).
They have been developed by UniGraz and they employ visualisation techniques in order to provide visual
guidance and feedback in different learning phases and furthermore to support self-regulated learning.
These tools rely on the iClass domain model (Figure 2) consisting of skills, concepts, action verbs, activities
(learning objects), and assessment items (problems). A general description of the Domain Map Editor and
the domain model can be found in Deliverable D3.1a and in (Albert et al., 2008; Nussbaumer et al. 2008).

A knowledge domain is covered by the specified concepts. A skill is modelled as a set of domain concepts
and an action verb which describes the level of expertise regarding the domain concepts. The action verbs
are classified according to the Bloom taxonomy (Anderson et al., 2001). Prerequisite relations between skills
can be defined, which means that if a learner has available one skill than s/he also has available the
prerequisite skill. Activities (learning objects) and assessment items (problems) are associated with skills by
defining which skills are taught by activities and which skills are tested by assessment items.

Problem

Action Verbs Concepts

Figure 2: Knowledge Domain Model

In contrast to other systems with adaptive behaviour and features, the base element of the CbKST Tools is
the skill and the prerequisite relation between skills. Prerequisite relations between skills are the most
important information used for the adaptation process in iClass. A prerequisite relation between skills
expresses the psychological dependence between skills. If a person has available a specific skill, then - due
to psychological reasons - this person also has available all prerequisite skills. Therefore a learner should
acquire skills in a sequence which relies on the fact that for each skill all prerequisite skills should be taught
before. In this way a meaningful sequence of learning objects can be created.

In the light of CRT task there is only one type of relationship type, which is the prerequisite relationship
between skills. This type cannot be altered and it is not possible to add new relationship types. All adaptation
behaviour is determined by the prerequisite relationship type.

23 The Adaptive Course Construction Toolkit

The Adaptive Course Construction Methodology (ACCM) and the Adaptive Course Construction Toolkit
(ACCT) were developed at Trinity College Dublin (Dagger, 2006; Dagger, Conlan and Wade, 2003, 2005;
Dagger & Wade,2005; Dagger, Wade and Conlan, 2004a, 2004b, 2005). They constitute, respectively, an
abstract course construction methodology for authoring adaptive e-learning courses and a representative
implementation. The key design considerations were the identification, separation and modelling of disparate
information sources and a course construction methodology based on proven educational development
methodologies.

In the traditional approach to course construction, an iterative process known as constructive alignment
aligns learning goals and learning outcomes with assessment techniques (Biggs & Tang, 2003; Brabrand &
Andersen, 2006; Mayes & DeFreitas, 2004). A curriculum then aligns the subject matter appropriate for the
course with the expressed goals, outcomes and assessment. Teacher or instructional strategies and an
evaluation strategy are designed. The six high level phases of a course construction methodology comprise:
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1) Analysis (the identification of problems and the proposal of solutions based on pre-evaluations, pre-

assessments and requirements gathering);

2) Planning (the definition of scope, instructional methods and techniques, objectives and constraints);

3) Design (story-boarding, creation of flowcharts and entity relationship diagrams);

4) Development (the identification and selection of appropriate learning material and services required);
5) Implementation (instantiating and launching the developed course to its target audience); and

6) Evaluation.

The IEEE reference guide for instructional design and development (IEEE RGIDD) is one such example. The
ACCM (see Figure 3) is another that is more appropriate for constructing adaptive e-learning courses. It
reconciles various models of information sources, namely, pedagogical and instructional design, activities,
subject matter areas, personalization axes, and learning resources. The ACCM decouples the Adaptive

Educational Hypermedia (AEH) authoring framework from the course construction methodology.

Personalisation Axes
&

Adaptivity Technigues

Learning
Outcomes

SEARN

\

Leaming

Methods/
Activity

Sequencing,

N

Content
&
Service
Selectiol

Subject
Domain

Subject & Service
Ontology

Figure 3: The Adaptive Course Construction Methodology (ACCM).

User Modelling

Pedagogical Theory
&

Instructional Design Principals

The Adaptive Course Construction Toolkit (ACCT) implements the ACCM. The architecture for the system is
based on the Multi-Model, Metadata Driven Approach to Adaptivity (Conlan et al, 2002) (see Figure 4). This
approach separates content from rules and content from domain. It describes three core models or
information sources, namely, the content model, the learner model and the narrative model. It uses an
abstraction mechanism called “candidacy' to group similar models and choose one, e.g. multiple content
resources that teach similar concepts, but maybe in slightly different ways, could all be seen as candidates
for teaching that same concept. The Multi-Model, Metadata Driven Approach to Adaptivity represents

intelligence in a narrative that can reason across and access all models of the architecture.
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Figure 4: The Multi-Model Metadata Driven Architecture.

The components of the ACCT include:
The course package (an XML “manifest’);
The workspace (instantiated by a manifest);
The importing/exporting of information models;
The subject matter concept space (SMCS) builder implemented using JGraph (JGraph.) (see Figure
5);
The narrative/story-line builder with a drag-and-drop interface (see Figure 6);
The resource/repository search; and
The model translator/interpreter (including a SMCS to SVG converter).

The ACCT models narrative structures (e.g. case study, didactic, WebQuest — an inquiry-oriented lesson
format in which most or all the information that learners work with comes from the web), activities (e.g. peer
review), subject matter concept spaces that are not contextualized by content references, narrative attributes
(what parts of the course can be adapted), learners, learning resources, candidates and narratives to help
assemble all of the above. The key information for building a learner model schema is extracted from the
narrative attributes. All of these models are represented using specially defined XML schemas. It was
deemed more important to be standards-compliant (the import/export feature) than standards-driven.
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Figure 5: The Subject Matter Concept Space (SMCS) Builder.

= Adaptive Course Construction Toolkit (ACCT) Prototype version0.6 - created by Declan Dagger

File Edit Tools Help
—
ustom Narrative Model Builder - Caccttmpiadaptive_courses' _casestudy_course! istribution Course - cct_distribution_course_skoool_narrative.xm =
Custom Narrative Model Builder - C:lacctimpiadapti ACCT. study ACCT Distribution C SKOOOL\acct_distributi koool all il
Custom Narrative Builder Narrative Tool Palette
7 e medd "SEIEL‘I Learning Resources |
Narrative i
] Persanatisen seience Gourse il:_j Electricity and Electromagneti | Subject Matter Concept Space
¢ f Wwiebguest "E Maghatam i Learning Activities
) E Conduction of Electricity " Narrative Structures (Pedagogy)
9 &\nlmduclmn ;E‘j Circuts === 5 3
i - - Sample Pedagogical Narrafive
F:: Electricity and Electramagnetism ’E Mains Eleciricity | | & roh) N ? . .
E Ennd‘utlmn of Electricity ‘Vﬁ Inroduction o Magnatism e e o S i ase Study
e ’ﬁ PolesiRepulsion r mseerth Res [ Bg } Didactic
[r| Magnetism = |y
B3| Magnetic Fields 2] Ine Arrows ¥
@ Prior Knowledege and Competencies = ? ? Webquest
D Tack | Electromagnetism Magnetic Effect
1 B 3 E Modemn Magnets = Leamning Activities mcmull Breakers & Infroduction
Pales/Repulsion | Poles ¢ L Peer Review 8 Magnetic Field Lines [} Task
E Foles 5| Repulsion & £ Submission 8 Flow of Electric Charge [) Process
] .
Repulsion | magnetic Fields @ emai %Zﬁ:::‘u:: el Lines [ 1l resources
e Field Li
¥ r:l Pr}nnass E Field Lines DA post msalenamr [ conclusion
| magnetic Fields 2| Example - Iron Filing: [3 Technical comections 1 solenaids and Field Lines WY evaluation
[| Plotiing Magnetic Fields E Understanding Magn| T (3 Open Distussion ® i
[J| Piotting Magnetic Fields (SIM) B € chat DerMacnets
=] Patential Dife o History & forum [ Magnetism and Electiic Current Question
Ml Potentai Difierence | Protiing Magnetic Fiel ¢ (] Final Response 0 Magnetism and Electric Current G Narrative Attributes
7 il Resources | Piotiing Magnetic Fiel @ email 1 Magnetism and Electric Current € ¢ £3 Adapiive Axes
b| ohm's Law ﬁ Sollenoids 3 foum 90 Measuring Voltage Simulation ¢ E4 Actor
k| P8 Symbol ] Potential Diference + O3 Submission of Revised %Pmnm a Magnetic Field <@ Prior Knowledege and Compelencies
I Power 5| weasuring votage (5 @ emai mz'm”g 2”"‘"9555
3| Transter of nergy I current ] post lotting Compass Experiment 1
o ¥ Plotting Compass Experiment 2
9 Conclusion \E] Conductors D Peer Review Completion 7 5
i : (=1 Publication and Conclusi mPlnmng CSompass Exparment 3
[ Etectricity and Electromagnatism ? 3 Ploting Compass Experiment 4
@ Prior Knowledege and Compelencies @ email B Plotting Compass iment5 =l
¥ Evaluation A post 4] i v
@ forum =
N Search| Reload Resuts| ] L] I D

Figure 6: The Narrative Builder.

To build an adaptive course with the ACCT, a user generally works through the following steps. They create
or load a course package and workspace. They can also import models from other course packages. They
represent the subject matter concept space using a graph-based tool. They compose the personalized e-
learning design by defining the pedagogical strategy, refining the strategy with activities, contextualizing the
strategy with concepts from the subject matter concept space, adding adaptivity (at the concept level), and
searching for and selecting candidate resources. Finally, the course developer can deploy a personalized e-
learning design in a web environment using the ACCT Generic Adaptive Personalized e-Learning Service
(gAPeLS). gAPeLS enables the adaptivity.
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2.3.1 ACCT and GRAPPLE'’s Conceptual Relationship To ol (CRT)

A narrative or adaptive storyline is, in some senses, similar to a Conceptual Adaptation Model (CAM). ACCT
provides a set of sample narratives including ‘Case Study’, ‘Didactic’, and ‘Webquest’. ACCT's Narrative
Builder is the analogue of GRAPPLE's CAM Tool. It is not a stand-alone tool, but part of the overall ACCT
environment. It has drag-and-drop support and contains a palette of available elements. There are no explicit
pedagogical relationships that correspond to GRAPPLE’s notion of a CRT. Instead, the parent-child
relationships between the elements in the tree structure of a narrative are implicit pedagogical relationships
that provide a ‘course structure’. Each parent-child relationship is a binary relationship and the meaning of
the relationship is fixed within the narrative. Therefore, ACCT does not per se have a CRT tool.

Elements in the tree structure of the narrative can be added, deleted, ordered, and moved to different parts
of the narrative by the author. The parent and child's type determines the relationship type between the
elements. For example, if the parent is an ‘Introduction' WebQuest and the child is an “Electricity and
Electromagnetism' concept (see Figure) then the (inferred) relationship provides a selection of keywords and
references from the “Electricity and Electromagnetism' concept to help the learner in their WebQuest to
search for appropriate sources of information. The parent-child relationship is implicit in the tree structure of
the narrative.

This implicit representation of relationship types is somewhat limiting. The author is restricted to binary
parent-child relationships and the meaning of the relationships is decided by the system. The ability of the
authoring tools within GRAPPLE to define a CRT between arbitrary pairs or groups of elements and name
the relationship, thereby generalizing from a tree structure to a more general hyper-graph structure, and to
define the meaning of the relationships themselves will be an interesting advancement.

24 Pedagogical strategies as described in LAOS (use by My Online Teacher
Authoring tool)

The 3-layers of granularity model (LAG) (Cristea and Calvi, 2003) have been introduced as a model for the
adaptive behaviour within adaptive hypermedia (AH). LAG is destined for authors of AH entering this process
at the different levels of difficulty and flexibility: direct adaptation rules, adaptation language and adaptation
strategies. LAG allows modelling reusable adaptation at different levels: beginner authors can reuse entire
strategies, by just reading their description. The collection of adaptation strategies is not unlike how CRTs
are supposed to be stored, based on their name, their description, and their code. The other similarity is the
reusability factor and their generality (can be applied for any DMs). For authors with more experience, direct
programming in the adaptation language is possible, thus allowing both altering of extant strategies, as well
as the creation of new ones. Again, this is similar to the CRT editing/modifying/deleting. The difference is, to
some extent, the granularity (CRTs encapsulate smaller scale relations that would build up to strategies in
the CAM) and the non-visual nature of the LAG strategies. LAG strategies would thus be better compared
with the CAM structures, even from the point of view of having them clearly connected to a certain domain
model or not. Finally, authors with advanced experience in pedagogy and programming, and with time on
their hands, could also program in direct adaptation rules, basically the assembly language of adaptation
(such as giving direct instructions of displaying or not certain concepts, the exact nature of how to display
them or hide them — disappearance, graying out, etc., as per Brusilovsky’'s taxonomy). (Brusilovsky, 2001).

In terms of the GRAPPLE architecture, concluding, we can say that the strategies relate to the CAM, while
the adaptation language & rules relate more to the CRT. They define the building blocks for strategies.

Technical details on the LAG adaptation language (language syntax and grammar, concrete examples) can
be found in the Appendix (Section 6).

2.4.1 My Online Teacher (MOT) and LAOS

A new problem that arises from the use of adaptive hypermedia systems is the increased difficulty that the
authors of hyper-documents have to cope with; i.e., it is quite time-consuming to add adaptive features into
hyper-documents. Therefore, a simple, powerful tool for authors of adaptive hyper-documents is needed.

The LAOS (Cristea and De Mooij, 2003) adaptive hypermedia authoring model is a layered conceptual
model, based on AHAM, aiming at supporting adaptive hypermedia authoring. It consists of the following five
layers: a Domain Model (DM); a Goal and constraints Model (GM); a User Model (UM); an Adaptation Model
(AM); a Presentation Model (PM).The whole structure is designed to work together with an Adaptation
Engine (AE), which performs the actual state transition (adaptation) according to these models, by executing
rules, performing updates, etc. The first part of the LAOS model (i.e., DM and GM) has been implemented in
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My Online Teacher (MOT), an adaptive hypermedia adaptive authoring system for on-line adaptive course

production, and has been tested from theoretical points of view, and a real-world setting.

The focus of the current extension of MOT described here is the UM, AM and Adaptation Engine (AE) levels.

The Adaptation Engine executes the rules specified by the AM. Therefore, it can be considered an

interpreter for the given adaptation rules.

2.4.2 Motivation for using LAG

The main motivation for using LAG is to enable authors to specify the adaptation mechanisms at a higher
level. In addition to the already existing (low level) direct adaptation rules?, the (3-LAG) model offers an
adaptation language and adaptation strategies. An adaptation language expresses adaptation at
intermediate granularity level. The adaptation language is a wrapper for the direct adaptation rules that are
interpreted by the AE. The adaptation strategies are high granularity adaptation techniques expressed in the
medium level adaptation language. Introducing the ability to specify adaptation mechanisms at different
levels has several advantages. Firstly, it enables authors of hyper-documents to abstract over the
implementation details of the low level adaptation. This both facilitates and accelerates the creation of hyper-
documents with adaptive features. Secondly, the adaptation strategies can be ‘serialized’ and exchanged
between different computers. This supports the reuse of the strategies. The 3-LAG approach has some
resemblance with the successful object-oriented and component paradigms that are based on information
hiding, abstraction and encapsulation. Therefore, we believe the research into possible implementations of
this model to be rewarding, and that the research, as well as the end-result, will probably stimulate more
people to (use the MOT system to) create adaptive hyper-documents.

2.4.3 The MOT extension structure

Most of present day’s adaptive hypermedia systems use just one basic adaptation mechanism: a simple ‘if
<condition> then <action>"-rule, where the condition is a Boolean expression on the user model literals. The
action can be classified as an update of the user model (the value of a (set of) literal(s) is changed) or as
generate (the presentation of a certain node is affected — e.g., certain text fragments aren’t included
anymore). In this paper these simple condition-action rules are referred to as low level or direct adaptation
rules. MOT (section 4.2.1) is a tool facilitating writing of adaptive hyper-documents, currently extended in two
ways. Firstly, the LAOS model user - and presentation levels have to be incorporated into MOT. Secondly,
the adaptation model in the form of the 3-LAG has to be implemented in MOT to enable users to specify the
adaptation in a more efficient and convenient way. These two extensions run in parallel. Only the second
extension of MOT is reported here (respectively in the Appendix), comprising: a simple and extendable
adaptation language (medium level adaptation)Error! Reference source not found. ; a compiler that
translates programs in the adaptation language into direct adaptation rules; a way to write, edit and store
adaptation strategies (programs in adaptation language); a way to give a name and description to each
adaptation strategy; a way to write, edit and store adaptation procedures (program pieces that enrich the
adaptation language by becoming new adaptation language constructs); a way to use a use a selected
strategy on a certain concept map (a set of nodes and links).

2.4.4 The Motivation for the LAG Adaptation Languag e

The LAG adaptation language (Cristea and Verschoor, 2004) is an instantiation of the adaptation language
level of the LAG model. LAG® is concerned about: direct adaptation rules, adaptation language and
adaptation strategies. This model represents the dynamic part of the adaptive hypermedia model and comes
to complement LAOS. The benefits of this model are:

The granulation level of authoring of adaptive hypermedia can be precisely established, and authors
therefore can work at the most suitable level for them. For example, 'beginner' authors can directly refer to
high level adaptation strategies, letting the system do the rest automatically for them, whereas more
experienced authors would want to use adaptation language to modify strategies or to build new ones, or
even to use the classical direct adaptation techniques (that can be expressed as condition-action rules).
Moreover, such issues as termination (e.g., infinite loops prevention) and confluence (e.g., prevention of
order of rule execution influencing the outcome) aims can be taken out of the hands of the author, especially
at the adaptive strategy level usage (where everything is predefined).

% E.g., IF-THEN, or condition-action (CA) rules.

8 http://wwwis.win.tue.nl/~acristea/HTML/Minerva/papers/PEG03-cristea-floes-stash-debra-final.rtf
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Moreover, this is a step towards standardization of adaptive techniques, especially by grouping them into a

higher-level adaptation language or strategies. In this way, not only adaptive hypermedia authoring, but also

adaptive techniques exchange between adaptive applications can be enabled.

Finally, especially for the educational domain, the 'missing link' between the adaptive hypermedia systems
and its educational purpose can be made explicit, as adaptive strategies can be directly connected to
educational and pedagogical strategies.

2.4.5 Example strategies

Previous research has defined interesting pedagogically sound adaptation strategies, representing different
learning scenarios based on learners’ needs, preferences, some also based on complex (and controversial)
pedagogical foundations, such as learning styles, for Adaptive Hypermedia®. In this section we will explore
some of these strategies which are based on relationship types and which can be taken into account
regarding developing CAM. More specifically we will check how, in principle, such strategies can be
expressed in a way that it can be useable in the new CAM. Obviously this section shows how CRT and CAM
can be interrelated by referring on previous work done in the context of LAOS and LAG. As CAM is aimed to
be richer than previous attempts, it should at least be able to express the basic strategies we have defined
before. CAM is more flexible, however, and can express strategies beyond what is analyzed here. While
trying to express the (selection of) learning style related strategies we noticed some common issues:

It is clear that we need to have some view of the Domain Model in order for the teacher to see what
the available concepts are.

A wizard like interface for ready-made strategies could be very helpful, while still allowing
customization.

The step-wise processing as previously implicitly assumed in LAOS/LAG based systems is still
desirable. Otherwise some strategies like the Breadth- and Depth-First will not be possible, as
inference rules will make sure the whole content will directly be visible. Thus, rules need to be
triggered one-step-at-a-time, when certain events occur (e.g., a mouse-click). It is envisioned that, if
desired, it should be possible to specify rules that trigger other rules, like in AHA!, however, in a
visual way.

In the LAOS/ LAG conversions to AHA!, one could control to a certain extent what kind of menus and
other guidance the student would get. This represents adaptation of the presentation layer in LAOS,
and reflects on interface changes and display for the student. It is desirable that in the new CAM-
based systems this control will also be present to some extent.

Rollout

The rollout strategy is a very simple strategy that allows authors to decide when a certain concept or concept
part should be shown: concepts to be shown after a certain number of steps could be classified as
‘showafter’, and attached the meta-data containing the number of steps after which to be shown. Similarly,
concepts classified as ‘showatmost’ should only be displayed at most the given number of steps as again
contained in meta-data. The roll-out strategy depends upon the tree hierarchy. We note hat it is
straightforward to create such a hierarchy with the introduction of a parent-child relation.

First, authors need to be able to sort the concepts in the desired hierarchy (if this is not already available,
e.g., if concepts are grouped in a graph). Next, we discuss the representation of the ‘showafter’ part. The
strategy demands that a concept is shown after its parent has been viewed a given number of times. As a
constraint on _X, we have the following:

_X.metadata == ‘showafter’ && _X.parent ==_Y && UM. _Y.showcount >=
_X.showafter

Figure 7: ‘Showatfter’ relationship

* See also our strategies page: http://prolearn.dcs.warwick.ac.uk/strategies.html
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In Figure 7, the relationship for ‘showafter’ is created via a prerequisite. This uses the prerequisite relation in
its sense of condition on displaying concept _X based on viewing concept _Y (and some supplementary
conditions, as above). However, this does not use prerequisite in terms of knowledge update.

Depending on the implementation of prerequisite relationship, the ‘showatmost’ part may or may not be
needed (see Figure 8). If the implementation of the prerequisite relationship makes sure that concepts for
which previously the prerequisite was fulfilled, but for which this is no longer the case, are hidden, we do not
need to do anything for the ‘showatmost’ part. If this is not handled by the prerequisite we have to add a
relationship that hides concepts once the have passed their ‘showatmost’ threshold.

Figure 8: ‘Showatmost’ via hide relation, only needed if prerequisite does not hide concepts

The constraint is then:

_X.metadata == ‘showatmost’ && _X.parent ==_Y && UM ._Y.showcount >
X.showatmost

Note that we also need to make sure that for each concept a count is kept in the user model. This can be
done with a relationship ‘countaccess’ relating a concept to itself (see Figure 9).

Figure 9: ‘Countaccess’ relationship
The constraint will then be:
_X.access == true

The implementation of the countaccess relationship simply increases the count:

UM._X.showcount = UM._X.showcount+1

Depth First

The depth first strategy is used for sequential learners. One topic at a time is presented, and the student is
allowed to go in-depth (hence, the name) in this topic first, before he proceeds with the next topic.
Preferably, no menus’ are shown to such students, and all they need to access is a ‘next’ button, taking them
to their next study material, whether statically linked, or adaptively generated.

For the depth first strategy, again, the concepts have to be ordered in a hierarchy first. After this, a few
relations are needed. Thus, we introduce a relation from each concept to each of its children, called next
child XOR next sibling (see Figure 10).
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Figure 10: The main relation implementing the ‘Depth First’, the logic in the constraint takes care of showing
the appropriate next concept, either the next child or the next sibling.

The condition must ensure that _X is the next sibling of _Y that needs to be shown, as well as update the
User Model variable that keeps track of the current position of the learner within the hierarchical course. The
condition shall only show the next sibling if the concept does not have any children left to be shown.

Finally we create a relationship from the root to the root, which shows first the concept unconditionally.

Breadth First

The breadth first strategy is used for global or holist learners. These learners like to see the global ‘picture’
first, before they dive into any topic. For such students, menus and other orientation devices are quite
helpful.

Thus, implementation of this strategy has to start with the ordering of the concepts in a hierarchy. Next, we
draw relations between each concept and each of its children, allowing them to show (all) the children if the
parent has been shown. Finally we create a relationship from the root to the root, which shows the first
concept unconditionally.

Figure 11: The relation shows _Y if _X has been shown the condition is: _Y.parent==__

Visual — Verbal

Visual-verbal preference corresponds to a strategy which doesn’'t need concept ordering. Students are
shown visual material (graphs, pictures, video, flash, simulations) if they have a visual preference, and verbal
material (text, audio, etc.) if they have a verbal nature. For visual-verbal we need only one relationship, one
standard prerequisite relationship with a constraint like _X.label == UM.preference . We also need to be
able to offer the user some menu where he can set his preference, or to introduce a number of settings
concepts which are always visible and a relationship on those, which manipulates the preference in the
users UM. Alternatively, the UM variables can be set via an initial questionnaire, or test.

Beginner — Intermediate — Advanced

The beginner-intermediate-advanced strategy is a fundamental strategy, dividing the extant course material
into three types: material aimed at beginners, material for intermediate students, and material for advanced
students. Typically, students that have been identified as beginners are not allowed to see material from the
higher levels till their status is changed (by, e.g., reading all material in their level, or taking a test).

For the strategy implementation in CAM, on one layer we draw a relation from the start concept to every
other concept to count the number of beginner, intermediate and advanced concepts in the user model. On
the level below we draw a relationship that shows the concept from the start concept to each concept, with a
condition like _X.label == UM.knowledgelevel . We also include in the relationship the learner UM state
changing logic, which, e.g., counts the number of beginner or intermediate concepts and changes the
knowledge level from beginner to intermediate when the number of beginner concepts not shown reaches 0;
similar processing occurs for the intermediate concepts.

Relatedness
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The domain model (DM) used by CAM can inherit multiple layers of relations. These relations can be further

used in the adaptation process. For instance, an advanced student can be shown all related concepts,

whereas a beginner student is only shown concepts within his own course.

For the relatedness strategy we draw a relationship between _Y and _X that shows _Y. We then use a
condition like: _Y IN_X.relatedness

2% Other related work and tools

The authoring tools outlined in the previous sections provide an overview on related work of the GRAPPLE
consortium partners. It is most straightforward to build upon the previous experience and existing
developments of the working groups involved in this project as a basis for the GRAPPLE authoring tools.
Naturally, an exhaustive overview on all the authoring tools available in the field of e-learning would go
beyond the scope of this document. Nevertheless, some more reference to related work from in- and outside
of the consortium is indicated in the following.

The REDEEM system (Ainsworth, Grimshaw and Underwood, 1999) provides the possibility to generate
courses by defining the flow and sequence of content. Though, this system is not addressed at realising
adaptive learning experiences.

Similarly, the LAMS system (Dalziel, 2003) allows generating and sequencing courses and learning activities
based on the Learning Design standard, but does not provide support for adaptivity and personalisation.

The ASK Learning Designer Toolkit (ASK-LDT) (Karampiperis, Sampson and Zervas, 2005) is an authoring
system building also upon the IMS Learning Design specification. It provides a graphical user interface for
defining learning scenarios.

The WINDS authoring environment (Kravcik & Specht, 2004) uses forms instead of a graphical interface for
the authoring process, where the domain can be described by the author and connected with educational
material by multi concept indexing. The system is suitable for creating web-based adaptive courses that can
be represented and accessed in different ways (Kravcik & Specht, 2005).

In GRAPPLE, however, the main characteristic of the authoring tools is that they are envisaged as graphical
tools. As GRAPPLE’s authoring tools all seem to require the facility to create and manipulate nodes
(concepts, groups of concepts, etc.) and links (concept relationships, CRTs, etc.) of various types and
annotated with various types of information, the view on ‘related work’ should go further, beyond specific
authoring tools. From a more general perspective, not only special targeted authoring tools in the context of
e-learning are relevant for the design and development process of GRAPPLE authoring tools. Rather, also
more general-use tools for the creation of graphical representations, such as concept or mind maps should
be considered. Those pieces of software usually provide attractive and usable graphical interfaces and are
well-known in educational practice. Commonly, concepts of a domain can be defined and relations between
them can be established in a straightforward manner. The creation of such knowledge representations on
principle constitutes the creation of domain models and the definition and use of relationship types.
Therefore, GRAPPLE should take advantage of such knowledge representation principles and tools, as this
will allow designing the authoring tools that are easy to use and accepted by the user. Numerous software
tools are available that allow generating concept maps on the computer (see e.g. Steiner, Albert and Heller,
2007), such as e.g. Inspiration (www.inspiration.com) or CMap Tools (http://cmap.ihmc.us/). By using such
software, concept maps can conveniently be drawn, adapted, corrected, and manipulated. Different shapes
and colours can be used for the representation of concepts and relations, images and other resources can
be included, and easy restructuring is possible through such features as drag and drop. Many also provide
functions for automatically structuring or organizing a generated concept map by choosing different layout
styles (hierarchical structure, web structure etc.). One may annotate concepts (and links) and carry out a
spell check, and the graphical map representations may be exported to text, hypertext or XML formats.
Software tools for mind mapping, such as MindManager (www.mindjet.com) or MindMapper
(www.mindmapper. com) are suitable for the creation of hierarchical tree structures that feature on principle
only one type of unlabelled relation (associated/related). Hence, mind mapping software typically does not
provide the opportunity to define different relationships or relationship types between concepts and to make
explicit the direction of a relation by arrowheads.

3 Requirements towards a CRT tool

This section provides an elaboration and analysis of the requirements that are made on a CRT tool and their
consequences. These are derived from the relevant literature, the results of the GRAPPLE requirements
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analysis carried out in university and corporate settings, as well as from general technological know-how and

experiences in the field of authoring tools.
31 Psycho-pedagogical perspective

This section reports on the requirements that are made on a CRT tool from a psycho-pedagogical and
educational perspective, e.g. which aspects and relationships need to be reflected by CRT, which are
pedagogically meaningful and necessary for translating teaching strategies into adaptive story lines, what
are the key features and functionalities desired etc. First, general requirements are outlined, relating to the
requirements analysis results and to the pedagogical literature. Subsequently, the specific requirements in
the context of simulations and virtual reality are elaborated.

3.1.1 General psycho-pedagogical requirements

In this section, first basic pedagogical literature with respect to learning theories is reviewed and general
requirements towards authoring tools in general and the CRT in particular are derived. Then, the results from
the GRAPPLE requirements analysis are taken up, related to the pedagogical literature, and analysed with
respect to relevant requirements towards the CRT.

3.1.1.1 Learning theories

A systematic approach to the design and implementation process of the GRAPPLE authoring tools is needed
in order to identify the requirements that are made from a pedagogical perspective, and to subsequently
translate and incorporate them in to the design and implementation process. This necessitates dealing with
and understanding the teaching and learning process and paying attention to educational practice. This
demand to incorporate pedagogical practice and building upon learning theory in the development of an e-
learning environment is also referred to as ‘pedagogical usability criteria’ (Hadjerrouit, 2006). Taking up and
allowing to realise pedagogical strategies in technology-enhanced learning environments is very important to
make them applicable and useful in educational practice, to foster educationalist's acceptance and to
promote learners' learning performance and experience, as well as the overall perceptions of e-learning.

Because of this, it is critical that the GRAPPLE authoring tools empower the course author and teacher in
order to successfully translate their different teaching strategies into efficient system behaviour through the
creation of adaptive story lines that are in line with their instructional approach. Thus, in the course of the
design and definition of the authoring tools, principles of learning and teaching need to be considered by
means of historically grown learning and instructional theories. Current pedagogical strategies and
approaches need to be analysed in order to ensure their realisation. In the special context of Task 3.2 on the
design and implementation of a tool to define concept relationship types this means to identify the concept
relationship types that are in the end needed for the implementation of teaching strategies to create the
corresponding adaptive behaviour of the GRAPPLE system.

This is important also because it is stated in the literature that it is actually more the instructional strategy and
the design of a course and not so much the technology used to deliver instruction that influences the quality
of learning (Schramm, 1977; Bonk & Reynolds, 1997). Learning theories must be a foundation for the
development work in the context of technology enhanced learning, as they are more important than the
choice of the technology itself (Hadjerrouit, 2006). In order to be open to any pedagogical approach and as
in practice often a combination of the principles and criteria of these learning theories are used, the
GRAPPLE system and authoring tools should allow realising a broad range of concrete instructional
strategies.

It is however clear, that not all aspects of certain pedagogical approaches and instructional strategies can be
captured by the CRT, as they cannot be fully expressed on a solely conceptual level. For example, teaching
strategies are also highly interrelated with the issue of actual learning activities and content objects, and thus
dependent on the availability of appropriate learning material corresponding to the pedagogical approach in
guestion. Consequently, there should also be relationship types usable to later on relate also to learning
contents or even services. A comprehensive picture and capture of an instructional strategy will only be
possible in the CAM, where adaptation rules that go beyond the pure conceptual level of DM and CRT can
be defined. Furthermore, in order to realize tailored, adaptive learning experiences, also an interconnection
to learner characteristics represented in the user model needs to be established and reflected in the
adaptation rules and behaviour defined for CRTSs.

There are many learning and pedagogical theories that can be found in the literature. These approaches can
in general be related to three main research streams of learning and instructional theories can be identified
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that are discussed in the literature: behaviourism (behaviourist/empiricist view), cognitivism
(cognitivist/rationalist view), and situative/pragmatist-sociohistoric view (constructivism) (Greeno, Collins and
Resnick, 1996). While the behaviourist view assumes the existence of objective knowledge that is
independent of the learner, the cognitive and constructivist perspective conceive knowledge as an entity that
is constructed by the learner in the learning process. Principles for designing learning environments
according to these theoretical streams have been identified and implications of these educational theories for
designing effective e-learning environments have been analysed (e.g. Ally, 2004; Hadjerrouit, 2007).

Behaviourism sees the mind of individuals as a black box, considering only the response to a stimulus while
totally ignoring the processes in mind (e.g. Skinner, 1974). It is assumed that behaviour can be predicted
given the environmental conditions, that processes are analysable in isolation, and that learning can be
influenced without knowing about the related internal processes (Koper, 2001). Learning environments
corresponding to the behaviouristic view can be entitled ‘information transmission and training environments'
and correspond to the following principles (Greeno et al., 1996):

- activity routines for realising effective transmission of knowledge
- definition and realisation of clear goals, feedback, reinforcement

- individualisation by using technologies

Relevant aspects identified for realising technology-enhanced learning in the tradition of behaviourism are
(Atkins, 1993; Hadjerrouit, 2006):

- learners need to be informed explicitly about their expected learning outcomes

- learning material needs to be divided into small and logical instructional steps that are delivered in an
intuitive way, starting with theoretical content and giving positive and negative examples

- information needs to be easily accessible and presented in a well-structured manner

- appropriate instructional sequences need to be defined by the course author, most commonly in the form
simple to complex, known to unknown, and knowledge to application

- learners should be guided through instruction based on their performance

- learners are assumed to acquire knowledge and skills from repetition based on diagnostic tests that are
built into the learning process and according feedback

- to be able to monitor one’s own learning process and take corrective actions, learners need to get
feedback

From these implications, most important in the context of the CRT is the demand of realising well-structured
learning sequences (in CAMs), e.g. by first providing theoretical background and then examples, by
providing learning contents with that are increasing in complexity, or progressing from known to unknown
information — this gives rise to a number of usable CRTs. Furthermore, learning goals need to be clearly
defined, which necessitates the reference to the respective UM information and might also be captured by a
special CRT relating to the learning goal. The conceptions of repetition and performance checking can be
captured by certain CRTs. Consequently, concept relationship types that appear relevant in this context
(non-exclusive) are: (theoretically) related, definition, rule, formula, principle, positive example, negative
example, demonstrates, illustrates, prerequisite, particularises, increasing difficulty, applies, reinforces,
promotes, analogy, leads towards goal of, tests, sub/superordination.

Adaptive story lines using these concept relationship types (in the CAM) need to realise meaningful
instructional sequences guiding the learner. Performance checks and tests need to be foreseen, and
adaptive feedback mechanisms (e.g. adaptive problem solving support) should be used.

Cognitivism assumes that cognition mediates the relation between an individual and the environment (see
e.g. Ally, 2004). Learning is considered from an information processing perspective involving different types
of memory during learning (sensory store — working memory — long-term memory). Furthermore, the
importance of individual differences is recognise - cognitive processing is characterised by large individual
differences, e.g. due to prior knowledge, motivation, learning styles, metacognition etc. The assumption of
being able to predict behaviour falls therefore away. The educational process is more learner-centred,
providing the learner with a self-managing role. Learning environments in the tradition of the cognitivist point
of view can be regarded as ‘problem-solving and exploratory environments for conceptual understanding and
reasoning’ and are characterised and designed according to the principle of interactive environments for
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constructing understanding (Greeno et al., 1996). Strategies for enhancing deep processing need to be
realised in order to promote and effective transfer of information into long-term memory. Specifically for the
realisation of e-learning, the following aspects need to be taken into account (Ally, 2004; Hadjerrouit, 2006;
Mddritscher, 2007):

- learning content should be structured into chunks and grouped in meaningful sequences to avoid
cognitive overload

- the difficulty level of the learning material presented should meet the learner's knowledge/competence
level

- new information should be related to existing knowledge, e.g. through the use of prerequisite test
questions and advance organisers to activate required and prior knowledge

- customisation to different learning styles through the availability of appropriate learning material and
providing adequate support

- information should be presented in a multimodal manner (cf.dual-coding theory)
- learner motivation needs to be taken into account and enhanced
- metacognition should be fostered by encouraging learners to reflect on their learning process

In sum, again the creation of meaningful learning sequences is the main objective, increasing in difficulty and
taking into account learners’ knowledge and characteristics. The emphasis and awareness of individual
differences and characteristics (like knowledge level, background, learning or cognitive style) demands a
strong reference to the user model, i.e. involving UM variables in the adaptive behaviour defined for a CRT.
Concept relationship types that can be deduced to be usable are therefore (non-exclusive): facilitates,
prerequisite, increasing difficulty, gives overview, deepens, similar, relationship types that can be related to
different learning styles (see also ‘learning styles’ in section 3.1.1.2 below) or interest groups, visual, textual,
auditory, reflects.

Adaptive story lines that are set up (in the CAM utilising these relationship types) need to realise instruction
that ties up to learner’s experiences and prior knowledge and take into consideration and adapt to learner’s
characteristics like knowledge, learning style and motivation. Hence, a strong reference to the UM is needed.

Constructivism sees learners in the centre of the learning process, actively constructing their knowledge
instead of being passively exposed to teaching (e.g. Ally, 2004). In particular, situated learning is
emphasised, which refers to learning activities that enable the learner to contextualise the information.
Learning is characterised by construction and discovery of knowledge. The design of constructivist learning
environments should to follow the following principles (Greeno et al., 1996):

- realising environments that allow participation in social practices of inquiry, sense-making and learning
- supporting learners' personal identities

Particular implications for the creation of e-learning that have been identified are (Ally, 2004; Mdodritscher,
2007; Hadjerruoit, 2006):

- learning needs to be realised as an active and constructive process with interactive and illustrative
instruction using examples and use cases

- authentic learning activities relating to real-world situations should be realised

- the learning process should be encouraged by collaboration and cooperation

- learners should have the opportunity to control and direct their learning process

- learners' metacognitive skills should be enhanced, self-reflection should be realised

In sum, most importantly, situated and contextualised learning should be realised, Relevant concept
relationship types in this context are (non-exclusive): illustrates, exemplifies, use case, contextualises.
Furthermore, as learning should be realised as an active and collaborative process, in this context a range of
different services (like mind mapping, instant messaging, document sharing etc.) might be used to a larger
extent. Consequently, relationship types that are also usable in the CAM for making reference to such
services seem useful.

Adaptive story lines set up in the CAM need to realise instruction that is characterised by active and
interactive learning activities (e.g. also involving simulations and VR) and allows collaboration.
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3.1.1.2 Relevant psychological and pedagogical approaches

Competence-based Knowledge Space Theory

Knowledge Space Theory (KST; Doignon & Falmagne, 1985, 1999) and its competence-based elaborations
(i.e. Competence-based Knowledge Space Theory — CbKST; Albert & Lukas, 1999; Heller, Steiner,
Hockemeyer and Albert, 2006) provide a psychological mathematical framework for domain and learner
knowledge representation grounding on and exploiting prerequisite relations and structures. In the
behaviouristic approach of KST a knowledge domain is represented by a set of problems. The knowledge
state of an individual is the set of problems he/she is capable of solving. Due to prerequisite relationships
between the problems not all potential states exist. The collection of knowledge states corresponding to
those prerequisite relationships is called a knowledge structure. Competence-based extensions of KST
(CbKST) take into account the latent cognitive constructs underlying the observable behaviour and thus
assume the existence of a set of cognitive skills that are required for solving problems or that are taught by
learning objects (LO) of a domain (e.g. Doignon, 1994; Diintsch & Gediga, 1995). By identifying prerequisite
relationships among the skills a competence structure can be built (Korossy, 1997). Accordingly, a
competence state is conceived as the subset of skills that a learner has available.

CbKST has been successfully implemented in adaptive e-learning (e.g. ALEKS, APELS, iClass, ELEKTRA)
and serve as a framework for the adaptive assessment of a learners knowledge or competence level and the
realisation of learning paths tailored to the learner’s current knowledge and competence (see e.g. Conlan,
O’Keeffe, Hampson, and Heller, 2006; Hockemeyer, Conlan, Wade and Albert, 2003; Kickmeier-Rust, Albert,
Hockemeyer and Augustin, 2007).

On principle, an adaptation strategy that is grounded on CbKST principles, utilises only one type of
relationship, the so-called prerequisite relation. If two problems a and b are in a prerequisite relation,
denoted by (a,b)l S, from a correct solution to problem b the mastery of problem a can be surmised. In other
words, problem a is a prerequisite problem for problem b. Similarly, in the context of skills, the prerequisite
relation captures dependencies if the availability of a certain skill is a prerequisite for acquiring a certain
other skill. A prerequisite relation is a binary relation that is reflexive and transitive; it forms a quasi order on
the set of problems or skills, respectively. On principle, such a prerequisite relation will be used to capture
logical prerequisites, but can e.g. also be used to define prerequisites based on a certain instructional
sequence. A generalization of the prerequisite relation is the so-called prerequisite function, which takes into
account that a certain problem (or skill) may have several different sets of prerequisites.

In order to realize adaptive story lines in the tradition of CbKST, a relationship type that captures the
prerequisite relation in terms of CbKST needs to be provided by the CRT tool for subsequent use of the
adaptation strategy in the CAM tool. To this end, it could be feasible to define a special CRT ‘CbKST
prerequisite’ that explicitly fulfils the respective mathematical predicates andto differentiate from a more
general and vague relationship type of a prerequisite.

Educational Taxonomies

A range of educational frameworks and taxonomies which have been developed for classifying learning
objectives and for increasing their manageability for instructional planning, learning, and assessment (e.g.
Biggs & Collis, 1982; Hannah & Michaelis, 1977; Vermunt & Verloop, 1999). The most popular and influential
taxonomy among them is the one devised by Bloom (1956), which was later on revised by Anderson et al.
(2001; Krathwohl, 2002). This taxonomy comprises six categories — remember, understand, apply, analyse,
evaluate, and create — which create a cumulative hierarchy of levels of cognitive processing, with each
covering more advanced and complex cognition.

A classification scheme like Bloom's revised taxonomy (Anderson et al., 2001) is a helpful instrument for
planning learning objectives and teaching, as lower-level activities and higher-level activities indicating
different levels of understanding and cognitive processing can be distinguished. Effective learning objectives
and well-designed courses should at optimum include also learning activities from a higher level.
Foundational knowledge and comprehension requirements referring to lower levels of the taxonomy,
however, will have to be achieved and planned before higher-order activities can be addressed or done.
Thus, a classification instrument as it is provided by such a taxonomy may serve as a foundation to structure
a course.

To utilize educational taxonomies for planning and authoring courses in GRAPPLE, these need to be
reflected by special targeted concept relationship types. As the revised Bloom taxonomy is the most popular
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and commonly used approach in this field, it is suggested to capture this framework in the authoring tools.
Consequently, the CRTs reflecting the six categories of the taxonomy (remember, understand, apply,
analyse, evaluate, create) should be adopted and included in the CRT. These relationship types would be
usable and relevant especially to relate to content objects, as different content objects might be more or less
suitable for targeting a certain level of cognitive processing. Consequently, teaching strategies that are
structured and planned in accordance with the educational taxonomy could be realized by the definition of

according adaptation strategies in the CAM.

Self-regulated learning and Scaffolded instruction

Self-regulated learning (SRL) describes the ways in which individuals regulate their own cognitive processes
in educational settings and therefore refers to learning experiences that are directed by the learner
(Puustinen & Pulkkinen, 2001). Zimmerman (2002) views SRL as an activity that learners carry out for
themselves in a proactive manner. Self-regulation is considered as self-generated thoughts, feelings, and
actual behaviour for attaining goals. Self-regulated learners are aware of their own strengths and
weaknesses and guide their learning based on personally set goals and task-related strategies. During
learning, one’s own behaviour is consciously monitored and reflected. SRL can be seen as a cyclical
process consisting of three phases, forethought, performance, and self-reflection (see Figure 12).

Figure 12: Cyclical model of the self-regulated learning process (adapted from Zimmerman, 2002)

The forethought phase involves activities of goal setting and strategic planning carried out before learning.
Furthermore, it involves processes of self-motivation based on self-efficacy beliefs, outcome expectations,
intrinsic interest and values. The performance phase refers to the actual process of learning and involves
strategies aimed at fostering the quality and quantity of learning performance through self-instruction, self-
control, and self-observation. The self-reflection phase involves processes of self-evaluation, causal
attribution (i.e. referring to beliefs about cause of error and success), and self-reaction. These processes
influence the forethought with respect to subsequent learning efforts. In sum, SRL can be seen as learning
that is guided by metacognition, strategic action, and motivation to learn.

Zimmerman argues that SRL fosters self-satisfaction and motivation of learners to continue improving their
learning methods. Due to this superior motivation to learn self-regulated learners are assumed to be more
likely to succeed academically and view their futures optimistically (Zimmerman, 2002).

Self-directing ones own learning, however, requires the availability of self-regulatory skills which a learner
not necessarily possesses to a necessary degree. Therefore, a gradual increasing of openness in instruction
should be realised, first supporting learners and giving the learner more and more control over their learning
process as their self-regulatory competence increases (Aviram, Ronen, Somekh, Winer and Sarid, 2008).
This actually corresponds to the principle of scaffold instruction, which means that learners are given
assistance in decreasing degree, according to their learning progress, until they are able to apply new
knowledge, skills, or strategies independently (Larkin, 2002; Lipscomb, Swanson and West, 2004). Coining
the notion of self-regulated personalized learning, the main aim in the iClass project was to assist learners in
self-personalising their own learning processes through the application of adaptation technologies (Aviram et
al., 2008; Steiner, Nussbaumer, & Albert, 2008).
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On principle, a teaching approach realizing a high level of self-regulation means to provide the learner with a
multiplicity of options from which to choose from. This would e.g. involve to present several subtopics and
leaving the learner the freedom which of them to deal with (first). Consequently, for this aspect no special
CRT appears necessary and general types such as ‘related’ etc. will be usable. Moreover, in a strict sense
this approach does not really cover adaptation. However, as the options provided should be meaningful to
the learner (Aviram et al., 2008) possibilities for adaptation emerge. Meaningfulness can e.g. be reached by
providing options that correspond to a prior knowledge, learner’s interests, learning goal etc. This coincides
with the idea of self-regulated personalized learning. Correspondingly, CRTs like prerequisite, related topic,
leads towards goal of, interest-group seem to be applicable for the realization of self-regulated instructional
principles as adaptive story lines in GRAPPLE.

Learning Styles

Learning styles have a long research tradition in psychology and pedagogy and numerous models and
measurement approaches have been devised (for a comprehensive overview see e.g. Coffield, Mosely, Hall
and Ecclestone, 2004). In literature a large number of various learning style models exist; each of them
proposes different descriptions and classifications of learning types. Coffield et al. (2004) identified 71
various models and categorised 13 as major models taking into account their theoretical importance in the
field, their widespread use, and their influence on other learning styles models. The most popular and
important learning style models can be categorised in five families with different main ideas behind the
models (see Table 1). The first family includes the models for which it is assumed that learning styles and
preferences are largely constitutionally based including the four modalities: auditory, visual, tactile, and
kinaesthetic (e.g. Dunn & Griggs, 2003; Gregorc, 1979). The second family relies on the idea that learning
styles reflect deep-seated features of the cognitive structure, including patterns of abilities (e.g. Witkin,
Moore, Goodenough and Cox, 1977; Riding & Cheema, 1991; Riding & Rayner, 1995). The main idea
behind these models is that learning styles relate to particular personality features, with the implication that
cognitive styles are deeply embedded in personality structure. In the third type of models, learning styles are
seen as one component of a relatively stable personality type (e.g. Myers & McCaulley, 1985; Apter, 2001).
A fourth category refers to learning styles as flexibly stable learning preferences (e.g. Pask, 1976; Vermunt,
1996; Sternberg, 1999). In this family a learning style is not a fixed trait but rather a differential preference for
learning which changes mildly from situation to situation. At the same time, there is a long-term stability. This
last family moves on from learning styles to learning approaches, strategies, orientations, and conceptions of
learning.

Learning Constitutionally- Cognitive Learning styles | Flexibly stable Learning
style family: based learning structure as relatively learning styles styles related
styles family stable to approaches
personality and strategies
type
Example Dunn and Dunn Witkin Myers-Briggs Kolb Pask
model(s): Gregorc Riding Honey and Vermunt
Mumford Sternberg
Felder and
Silverman

Table 1: Learning styles families

Although there is no complete consensus whether matching to learning styles does have an enhancing effect
on learning performance and effectiveness, and there have been raised doubts with respect to the reliability
and validity of learning style measurement, the GRAPPLE authoring tools should nevertheless provide the
opportunity to realise instructional strategies that ground on learning style adaptation. In this way, the user
can be provided with a range of different strategies and options, thus also providing the opportunity for
polyvalent teaching and learning, and — even more important — taking into account user’'s preferences as
identified in the requirements analysis (see also following subsection). Most straightforwardly applicable (and
probably sometimes applied without explicit reference or knowledge of the respective model) are learning
style models that refer to or categorise learners according to their preferences and needs with respect to
sensory modalities and biases, and with respect to preferences on navigation and learning sequences.
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Therefore, the consideration of these models appears most important for the derivation of a preliminary CRT

vocabulary to be provided by the authoring tools.

Different learning style models can be related with different aspects and principles of adaptation (Stash,
2007). Learning styles that reflect sensory preferences, for instance, can be captured and matched through
adaptive presentation support or content adaptation. Consequently, CRTs that correspond to the respective
learning style categories would be needed - e.g. in case of Dunn and Dunn’s model (e.g. Dunn, 1990) the
sensory modalities ‘auditory’, ‘visual’, ‘tactile’, and ‘kinaesthetic’ are distinguished, or simply differentiating
‘verbalisers’ vs. ‘imager/imager’ (Riding & Rayners, 1998), which further on allow to set up adaptive story
lines that present learners with content material tailored to their preferred modalities. The definition of such
adaptation strategies again requires to establish a connection to the content level (matching learning objects
with learning style), requiring therefore relationship types that are usable for defining relations to content
objects (in the CAM).

Learning style models that differentiate between global or wholist learners and serialist or analyst learners
can be incorporated in adaptive e-learning through adaptive navigation support through realising breadth-first
and depth-first learning sequences as realised in My Online Teacher (see ‘Related Work’ section). While a in
a breadth-first approach the learner will first be presented with concepts at the same level of the course
hierarchy, before getting in touch with lower level concepts, a depth-first structure, on the contrary, will first
go deeper with respect to one concept and work through lower level concepts before presenting the next
general concept. Consequently, the depth-first navigation matches serialists, and the breadth-first navigation
matches global learners. These adaptation strategies use CRTs of the type of ‘related’, or super- and
subordination.

3.1.1.3 Indications from requirements analysis

Within the GRAPPLE project, a requirements analysis has been carried out using stakeholder interviews with
altogether 51 stakeholders (learners and training providers) from academic and corporate settings (for
detailed descriptions on the methodology and results see the respective deliverables D9.1 and D10.1) in
order to identify prospective users’ needs and preferences with respect to an adaptive learning system. The
requirement elicitation did not contain explicit question targeting the authoring process and tools in the
context of an adaptive system. Rather, users’ general opinion on adaptivity criteria and techniques was
gueried. Summing up the analysis results over both, university and industry, the ‘most-wanted’ features of
adaptivity could be identified. These results need to be considered in the context of the design and
implementation of the GRAPPLE authoring tools.

The adaptation criteria, which were most highly ranked using importance ratings by the interviewed users,
are: learner knowledge, learning goal, language, user platform, interests, learning style, and user role (see
Table 2). Also when openly questioning for criteria that should be subjected to adaptation of the learning
process, a majority of interviewees named the adaptation to prior knowledge (in sum 37 in both settings
together). Furthermore, adaptation to learning style (16), platform (15), learning goal (11) and preferences
(11) was indicated to be desirable.

The adaptation to the learning goal corresponds to behaviouristic pedagogical principles, while the desired
adaptation to learner knowledge, language, interests (which is related to learners’ motivation), and learning
style corresponds especially to the cognitivist perspective. The user role may e.g. refer to the learner’s role in
collaborative and group learning and respective adaptation can be seen as related to the constructivist view.

Not all of these criteria seem to be proper to be reflected by respective CRTs. The adaptation to user
platform and language, for instance, will probably rather be an issue of adaptability (allowing the learner to
set/adjust these criteria before the actual learning process) and will thus not be part of the adaptation
strategy defined by the help of CRTs. Relationship types for involving the adaptation criteria necessarily
need to make a reference to the UM, i.e. the respective adaptation behaviour needs to include some query
on user variables. CRTs that appear usable for the adaptation to (part of) the most popular criteria are (non-
exclusive): prerequisite, leads towards goal of, as well as learning style and interest-associated CRTs.

industrial stakeholders academic stakeholders
Adaptation criteria
Rank average Rank average
assessment assessment
learner goal/task 1 9.15 2 8.70
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learner knowledge 2 9.08 1 8.85
language 3 8.27 3 7.96
user role 4 8.12 8 7.0
learning/cognitive style 5 7.58 6 7.19
user platform 6 7.4 4 7.77
interests 11 5.85 5 7.72

Table 2: Overview on the most-wanted adaptation criteria for corporate and university settings, indicating the
mean interviewee ratings. Stakeholders were required to indicate the importance of adaptation to the
respective criteria on a scale from 1-10. In the table the mean importance ratings are indicated.

With respect to adaptation technologies, adaptive content and learning activity selection, adaptive
assessment and adaptive problem solving support were judged the general approaches to be most important
(see Table 3). On the level of the specific techniques prerequisite and additional explanations (adaptive
content selection), adaptive testing, intelligent analysis of solutions, and adaptive collaboration support were
the most preferred ones (see Table 4). In an open query of desired adaptation techniques, especially content
selection (in sum 27 responses), navigation (19), and presentation (18) were indicated.

Naturally, not all of these techniques can be captured or based on the definition of special relationship types.
Concept relationship types that seem to be suitable for realising (part of) these techniques are (non-
exclusive): prerequisite, similar, related, test.

Ad ) industrial stakeholders academic stakeholders
aptation

technique average average

Rank assessment Rank assessment

adaptive learning 1 8.23 1 8.37
activity selection
adaptive content 2 8.23 2 8.33
selection
adaptlve problem 4 8.19 3 7.93
solving support
adaptive 3 8.23 4 7.89
assessment
student model 7 7.27 5 7.56
matching
adaptive 5 7.88 6 7.52
presentation
adaptive navigation 6 7.88 7 7.33
support
adaptive service 8 6.85 8 5.85
provision

Table 3: Overview on the most-wanted adaptation technologies (superordinate categories only) for corporate
and university settings, indicating the mean importance ratings.

] industrial stakeholders academic stakeholders
Adaptation
technique Rank average Rank average
assessment assessment
prerequisite 1 9.04 4 8.19
explanations
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mtelh_gent analysis of 5 8.62 6 774
solutions

adaptive testing 3 8.31 3 8.22
adapiive learning 4 8.23 1 8.37
activity selection

additional 5 8.15 2 8.37
explanations

adaptive 9 7.54 5 7.78
collaboration support

Table 4: Overview on the most wanted adaptation technologies (specific techniques) for university and
corporate settings, indicating the mean importance ratings.

Furthermore, when inquiring the stakeholders for essential functionalities of an adaptive learning system, the
requirements elicitation yielded again, that previous knowledge and competencies need to be considered
(thus again arguing for the prerequisite CRT and reference to the UM). Furthermore, also the ease of use of
the system was indicated, as well as the desire to receive authoring advice (in terms of suggestions and
support for teachers and authors). This argues for and underlines the need for authoring tools with an easy-
to-understand and usable, attractive interface, as well as the availability of advice and support mechanisms
(user manual, predefined vocabulary of CRT and adaptation rules, example adaptive story lines, reuse of
authoring resources...). Besides, also the wish of a transparent adaptation process was expressed; learners
wish to be informed about the adaptation process and also have the opportunity to control it — e.g. having the
opportunity to see learning contents although the system does not deem it relevant for them. This should be
considered in the visualisation/presentation mode of adaptive behaviour (e.g. using link annotation instead of
hiding or disabling links), which possibly is already captured in the description of a CRTs behaviour.

In general, from the above presentation of the ‘most wanted’ features of adaptation resulting from the
GRAPPLE requirements analysis it becomes clear, that the CRT tools cannot capture all aspects of these
identified preferences and needs. Rather, only limited aspects can be considered that are suitable and need
to be reflected through appropriate relationship types. The requirements identified need to be considered on
a comprehensive level throughout the project, and thus naturally also need to be taken into account in the
context of the other authoring tools (DM, CAM) and in the scope of the design and implementation of the
whole GRAPPLE system, in order to ensure a sufficient take-up of user’s expectations. From the point of
view of the CRT, it is enough to make sure that it enables the other tools, but especially the CAM, to reach
the full potential of the requirements as identified.

32 Technological perspective

Here, the requirements towards a CRT tool from a technological perspective are outlined, e.g. which
relationship types are needed to be captured and usable for adaptation, which data input/output is needed,
which key features and functionalities are required from the tool and what are possible constraints and
limitations from the technological point of view.

3.2.1 General technological requirements

The requirements have to be split into two parts: The CRT data model and the CRT tool which operates on
the CRT data model.

Basically the CRT data model includes the following information (which is assigned to each CRT)

unique identifier
Unique identifiers are used by CAM to refer to specific CRTs

name and description
Name and description are in free text format which allows the content author to assign meaningful
name and description to CRTSs.

graphical representation
CRTs are graphically displayed in the CAM tool. In order to (visually) distinguish between different
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CRTs, they should be graphically represented in different ways. A library of shapes or icons has to
be available where CRTs can refer to.

adaptation behaviour

The adaptation behaviour formally describes how adaptation should be performed by the adaptation
engine. The meaning of CRTs is defined by behaviour definition. Adaptation behaviour is defined in
GRAPPLE adaptation language (GAL). GAL is not (completely) elaborated and defined yet, but is
matter of further research in GRAPPLE. An important starting point for this discussion is LAG
(described in Section 2.4). It is necessary that queries on the user model can be expressed in GAL
code in order to enable adaptation to users. Furthermore, queries on meta-data of content objects
are necessary to enable adaption to types of content objects (for example content object at
introduction level). An example for an CRT GAL code would be prerequisite definition:

If ( current user has done concept A) then (concept B is suitable), where the if part is realised as
guery on the user model.

connected entities

A CRT is connecting two entities, where an entity can be a concept, a service, or a resource. It has
to be specified for each CRT which type of entities are connected. For example, a CRT can connect
a concept with a resource.

cardinality of a CRT
There are different ways how many entities can be connected with each other: binary, n-ary,
grouping (see below).

Cardinality of CRTs:

binary
one entity is connected with one entity

n-ary
one entity is connected with multiple entities

group
Several entities can be joined to a group. Instead of an anchor-target structure there is only a

"member of" structure which connects entities to a single group.

binary relation between groups
two groups of entities can be connected by a CRT

n-ary relation between groups
one group can be connected to multiple groups of concepts

constraints o entities

entities connected by a CRT can be restricted by queries on the user model and on meta-data of
resources. For example, a concept can be connected to a resource, if the source is at introduction
level (introduction level can be specified in the meta-data of a resource).

In order to store and retrieve concrete CRT instances (as defined in the CRT data model) a CRT library is
needed. The library must be accessible by the CRT tool, more precisely requirements of this library include
string of a new CRT, deleting a CRT, retrieving one or all CRTs, and probably searching for a CRT by using
specific attributes. Since the CRT tool will be Web-based it is very likely that the CRT library will be
implemented as a Web service. Initially the library contains a set of predefined CRTs. However, it is
extensible, so that a content author can add new CRTSs.

CRTs that are publicly available for every author in the CRT repository should have a fixed behaviour (in
order to have correspondingly no unexpected changes of courses). When modifying and fine tuning CRTs
for own use, the respective CRTs should be available only to the respective author. One possible option to
solve this issue is the differentiation between public and private CRTs, such that e.g. a CRT is private and
can only be used by the original author until it is published, at which point it cannot be changed anymore or
can only be changed if it's not in use by other authors.

Furthermore a concrete data format has to be defined how CRT data is stored. Data in the defined format is
stored in the CRT library. The CRT library will also be accessed by other tools (CAM Tool), which requires a
defined format. This forma will be XML-based.

The CRT tool is the graphical user interface for the content author which enables to create, edit, and delete
CRTs. Every part of the data model (as described above) can be authored, except for the unique identifier.
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Name and description can be edited in text fields, cardinality can be chosen from a list of all available
cardinalities, graphical representation can be chosen from a list (this list also can be edited), and most
importantly the adaptive behaviour can be defined. Figure 13 depicts the tool how it can look like on a
conceptual level. The several fields can be edited (title, description, cardinality, entity type, visual
representation) and in two further tabs the adaptive behaviour can be specified. This figure is not a final
screen design and not all functionalities are represented (for example Save button).

It will be a matter of further research how the definition of the adaptive behaviour should be realised.
Basically the interface for defining adaptation behaviour is somewhere on the range between a graphical and
a programming approach. Graphic approach means that an author can user graphical elements (e.g. block
diagrams or drag and drop) to define the behaviour. Programming approach means that the author defines
the behaviour by writing code in a text editor. Probably both approaches will be implemented and the author
can choose which one to use. In general, the adaptive behaviour expresses the adaptation strategy which
can be translated to be processed by the adaptation engine.

It is expected that not each CRT will be represented in the same way, but they probably will have different
shapes, colours, etc. The author who creates and edits a CRT, needs to specify the ‘look and feel’ of the
CRT. A collection of possible thumbnails might help in this endeavour. Very likely the content author also can
add new graphical representations.

Basically, the CRT tool does not get input from other components and tools and does not send data to other
tools, but uses the CRT library for data exchange with other tools. However, direct exchange of data can be
realised anyway if it is a benefit in terms of user interface. For example, if an author works with the CAM tool
and wants to quickly edit a CRT than it is convenient if the CRT tool can directly be opened in the CAM tool
and gets information from the CAM tool which CRT should be edited.

The CRT Tool will be integrated as a component in a general Web-based authoring tool (together with DM
and CAM tool) where the CRT tool can be opened in order to edit or create new CRTs. The tool will be
running in a Web browser, which means that Web-based technology will be used for implementation (for
example Google Web Toolkit, JavaScript, Flash, or Java (Applet)).

Figure 13: CRT Tool. Conceptual screen design - draft

Integrated model of adaptation on learning with specifications Page 31 (62)



.‘-:‘-',?A“HE‘-E -
UK PPLE

‘ D3.2a - Integrated model of adaptation on learning with specifications (v1.0), 19-12-2008

3.2.2 Specific technological requirements in the co ntext of simulations

The authoring and delivery of adaptive simulations will be the focus of Deliverables D3.5a, D3.5b, D3.5c,
D4.1a, and D4.1b. However, adaptive simulations have an extended set of requirements that lie outside
those of adaptive non-simulated learning environments. In particular, the extended set of requirements for
the Concept Relationship Type (CRT) is outlined in this section. Some of the requirements will be evident
from the scenario outlined below that shows how a teacher might author an adaptive simulation.

The most substantive difference between the requirements for the CRT in adaptive non-simulated and
adaptive simulated learning environments is the addition of the Service Relationship Type (SRT) and the
Concept-Service Relationship Type (CSRT). These two relationship types are necessary to represent the
relationships between services and between concept and services. Of course, in the final ‘CRT Tool’, all of
these relationship types will be grouped together and can be mixed and matched as the author chooses. We
differentiate between the different types here only to illustrate the distinction between the types of CRTs that
are required for adaptive non-simulated learning environments and adaptive simulated learning
environments. In the same spirit as the CRT, the GRAPPLE authoring tool should provide for the definition
and usage of these relationship types.

Any relationship type (a CRT, SRT, or CSRT) will be required to specify:

An identifier or name;

An arity (the number concepts or services it involves);

A directionality (is the relationship one-way, bi-directional or a mixture of both);

A list of parameters and conditions (what types of concepts or services can the relationship be
applied to)s;

The properties of the learner which the relationship type can access and/or modify; and

The adaptive behaviours, which the relationship type can affect.

The last of these, the adaptive behaviours, is the point at which the requirements for the adaptive non-
simulated and adaptive simulated learning environments diverge. We will generalize all of these relationships
into a simple and more inclusive relationship type (RT) in the authoring tools for adaptive simulations.
However, we show the distinction here in order to better illustrate the differences between the various types
of relationships.

An adaptive simulated learning environment can change its behaviour in many ways. Both adaptive
presentation and adaptive navigation can be subdivided into conceptual and simulated behaviours. In the
case of adaptive presentation, model fidelity (e.g. the speed at which the simulation runs or the omission of
certain parts of the model to better aid the comprehension of others) and automation (e.g. the extent to
which the simulation is controlled by the learner) are novel features that can be adapted. The system can
change the model fidelity based on the learner's current instructional level. This is also known as model
progression (Jong et al., 1999; Meij et al., 2006). For a novice, initial learning is emphasized (with lower
fidelity) and for an advanced learner, transfer is emphasized (with higher fidelity).

The case of adaptive navigation is entirely substituted with adaptive workflow. For example, similar but
slightly different paths through a simulation can be taught together as one or the number of repetitions can
be reduced to the point where the learner is familiar with the process. These types of behaviours are
illustrated in the scenario above; the teacher modifies the workflow after the scrumMeeting service to
reduce the number of repetitions required of the learners. It may also be possible to group services as one
and provide a black-box simulation of the service. For example, in the scenario above, the details of
implementing each item on the sprint burn down chart are important for the implementation team members.
However, for the scum master, it may suffice to show the group of services as one and hide the details. The
system will still simulate the process but, for the learner, differing workflows will be experienced depending
on their role.

® It may be possible to “overload' the same idemtdiename with different relationship types; théuat choice is made when the
teacher instantiates the relationship in the CAMkspace. The choice is made by the system by finttie best match between the
relationship's list of parameters and the typesoofcepts and services to which it has been joined.

Integrated model of adaptation on learning with specifications Page 32 (62)



GROPPLE

D3.2a - Integrated model of adaptation on learning with specifications (v1.0), 19-12-2008
In the context of the GRAPPLE authoring environment, the CRT tool can also be used to author the SRTs
and CSRTs. However, the distinction between these three different types of relationships is important when
authoring adaptive simulations and so they should be somehow separated from each other. In the scenario
above, we represent the different relationships quite distinctly; the CRTs are dashed lines, the SRTs are
ellipses (with or without an inner black circle to indicate adaptivity) and the CSRTs are again dashed lines.
CRTs and CSRTs can be distinguished from the shapes at their endpoints, i.e. either concepts (hexagons)
or services (rectangles). While the CRT tool itself can define these relationship types using a uniform
interface, the authoring tool and delivery infrastructure for the adaptive simulations will provide functionality
to make their distinction more obvious to the teacher, e.g. by representing the different relationships in the
CAM workspace using the pictorial notation outlined above.

3.2.3 Specific technological requirements in the co ntext of virtual reality

The authoring of adaptive Virtual Reality (VR) will be the focus of Deliverables D3.4a, D3.4b, and D3.4c.
However, adaptive virtual reality have an extended set of requirements that lie outside those of adaptive
non-VR learning environments. For VR, the adaptive behaviours (which formally describes how adaptation
should be performed) is the point at which the requirements for the adaptive non-VR and adaptive VR
learning environments diverge. A virtual world can be adapted in many different ways. In this section, we will
describe how VR applications can be adapted and investigate the resulting requirements for the CRT tool.

VR applications are 3 dimensional (3D) virtual world that contains 3D objects. The objects have a shape (i.e.
a geometry) and material properties (i.e. colour, textures). They may have behaviours (e.g., move, transform,
animate) and it may be possible for the user to interact with them. Furthermore, the virtual world (i.e. the
scene) itself may contain some elements like lights and may have physical properties (like for instance
gravity).

A VR application can be decomposed into four main parts. The first part deals with the objects populating the
virtual world. The second part deals with the properties of the virtual world itself. The third part deals with the
behaviours that objects can have and the final part deals with the interaction.

Adaptation can happen for these four different parts that make a VR application. We will consider the
possible adaptations for these four parts.

1. Adaptation of VR Objects

Objects populating the virtual world have a visual appearance in terms of a geometry (shape) and
material properties (colours and textures). To adapt the virtual world to the needs of the learner, it may
be necessary to change the visual appearance of an object during the running of the VR application. We
illustrate this with some examples. To visually indicate that an object has not yet been studied we may
want to give it a different colour or make it smaller; when a learner is studying a complex object (like a
planet), the visual appearance of the object could change according to the aspects being studied (size,
temperature, geography, ...) or become more detailed while more and more knowledge is acquired. For
this reason, it is important to be able to specify adaptation rules for the visual presentation of an object:
to change the size of an object; to change the material properties; and to replace the visual appearance
of an object by a new one. In addition, it may also be necessary to remove objects, for instance if they
should not (yet) be studied by the learner. Also semi-hiding or semi-display can be considered, for
instance by having a semi-transparent bounding box around it.

2. Adaptation of the Virtual World (i.e. the scene)

The virtual world itself (called the scene) can have properties. We can distinguish between physical
properties, lighting, sound, and material properties of the world itself. It may be useful to be able to adapt
these properties as well. For example, lighting can be used to visualize that some parts of the world have
already been visited.

3. Adaptation of Behaviours

Behaviours are used to make the virtual world dynamic, i.e. to create worlds where objects are active
and show some behaviours like planets which are rotating and comets which move through the universe.
Also for behaviour, it may be useful to consider adaptation. Possible adaptations for behaviours are: to
enable and disable behaviour for an object, and to change the values of parameters for a behaviour.

4. Adaptation of Interactions

By interaction we mean interaction between the end-user and an object. There are different ways to
interact with an object, e.g., by clicking on an object, by touching an object, by passing closed by an
object, or by manipulating (for instance rotating) an object. Furthermore, interaction can trigger some
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behaviour. For example, by interacting with an object the end-user can move it or start an animation. To
fully adapt the world to the needs of the learner, it may be necessary to adapt the interaction. For
example, as long as the learner has not obtained a certain level of background knowledge he should not
be able to manipulate the object. Adapting interaction comes down to enabling or disabling the possible

types of interaction provided for an object.

It is clear that for VR learning material it must be possible to describe the VR specific adaptation behaviour
associated with a CRT. This will be done in the VR specific authoring tool and is therefore described in
deliverable D3.4a, which will provide the design of the VR authoring tool. In section 4.3 some specific
scenarios in the context of VR will be given to illustrate the relation between CRTs and the adaptation of VR
learning material.

3.3 Implications from the requirements towards a CRTt ool

In this section, we want to wrap up and summarise the most important requirements analysed and identified
for the CRT tool and the implications and conclusions that can be drawn from it for the design and
implementation of this piece of authoring software.

From the psycho-pedagogical point of view, the review of relevant literature and of the GRAPPLE
requirements analysis makes clear that the main requirement posed towards CRTs and the CRT tool is that
they provide a usable starting point for the realisation of meaningful and well-structured teaching sequences.
Meaningful and structured sequences can be realised by

- Increasing difficulty or complexity and the consideration of prerequisites.

o0 relevant CRTs: prerequisite, more difficult (increasing difficulty), more complex, deepens,
particularise, sub/superordination

- Providing related/similar learning contents, (sub)topics, or concepts together

o relevant CRTs: related, analogy, similar, special case, sub/superordination
- lllustrating and providing examples

o0 relevant CRTs: example, use case, illustrates, special case, demonstrates

Furthermore, the aspects outlined in the pedagogical requirements section underline the importance of a
reference to user model variables for the definition of adaptation strategies, considering learner knowledge,
learning goal, learning styles etc. It is therefore important that CRT definitions allow and include this
reference to and query on the UM.

According to the requirements analysis results the adaptation to learner knowledge is most important for
users, and also from a pedagogical and didactic perspective this aspect is critical. Correspondingly, learners
should not be presented with learning contents for which they do not have the necessary prerequisite
knowledge, or in other words, if a learner does not yet have sufficient prerequisite knowledge he should be
provided first with learning material on the necessary prerequisites or be presented with additional
prerequisite explanations. The relationship type of a ‘prerequisite’ appears a straightforward relationship type
usable to set up according adaptation strategies. Alternatively, also relationship types like ‘more difficult’,
‘more complex,’ or ‘deepens’ can be utilised in this context — for defining a teaching strategy of presenting
learning content that is more difficult than or deepens the current knowledge of a learner.

Moreover, from the requirements analysis a learning goal oriented adaptive teaching and learning procedure
was considered as highly relevant. Also from a psycho-pedagogical point of view the adaptation to learning
goal is important for realising didactically meaningful teaching approaches and sequences. This again can
be captured by dedicated relationship types to be used for the definition of the adaptive story line.

The requirements analysis uncovered, that interviewed stakeholders (training providers) think that the
authoring process in an adaptive system is work intensive and particularly complex. Therefore, support in the
course of authoring should be provided. On the one hand, this should be realised by a supportive, user-
friendly design of the authoring tools themselves. Accordingly, the CRT tool needs to feature and
understandable and intuitive graphical user interface that is usable by course authors even if they do not
have deep knowledge about programming. The procedure of defining a CRT and its behaviour should be
clearly structured and supported by the tool (e.g. in form of a wizard). A further way of assisting the authoring
process in the scope of the CRT is by the provision of an adequate CRT library capturing a set of relevant
relationship types and associated adaptation behaviour that are ready to be used and suitable for
implementing teaching strategies.
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From a technical point of view the most important requirements are the availability of a tool for authoring
CRTs and the possibility to define adaptation behaviour regarding the psycho-pedagogical behaviour as
described above. A CRT data model has to be defined which captures relevant information about CRT (such
as title, visual representation, and structure). A CRT should be able to connect not only two concepts, but
also services and resources. Furthermore, CRTs should connect also multiple entities, and groups of entities
or multiple groups. To define adaptive behaviour, GAL code can be included into the CRT data model. This
should allow for referring to user model and meta-data of content objects in order to define adaptation to
knowledge and preferences (e.g. learning style) of learners.

A set of predefined CRTs will be available by default, which enables content authors to use CRTs without
defining them at the beginning. However, benefitting from the CRT tool a content author should be
empowered to define new CRTs or modify existing ones.

4 Scenario(s) on CRT tool use

This section provides example use cases illustrating the use of the CRT tool as well as its relation and
interaction with DM and CAM.

4.1 General scenario(s)

This section provides exemplary scenarios describing use cases in the context of the CRT tool. The
scenarios shall illustrate the meaning and purpose of CRTs in general and the use of the CRT tool as well as
their relation and interaction with DM and CAM. The following sections are not only intended to help in
understanding and contextualising the CRT tool, but also to reflect general and specific requirements. In the
following subsections therefore first some simple general scenarios are outlined, followed by scenarios in the
context of simulations and virtual reality.

4.1.1 A scenario on the use of existing relationshi  p types

Mr. Miller is a teacher that intends to utilise the GRAPPLE system in his mathematics course on elementary
geometry to cover part of the teaching and learning of the respective knowledge domain. In a first step he
establishes a domain model for the respective domain using the DM definition tool (or, alternatively, decides
to reuse an existing domain model from the DM repository). This DM represents the domain on a conceptual
level and relations among the domain concepts — it may for instance contain concepts on right triangles and
their interrelation as depicted in Figure 14. Thus, the domain model pictures factual (or declarative)
knowledge of the domain.

Figure 14: Example geometry concepts and their interrelation as reflected in the domain model

Subsequently, he starts to figure out the instructional strategy he wants to be realised by the system. As Mr.
Miller in his lectures always tries to follow a pedagogically sound and succession sequence of teaching, he
wants to realise a teaching strategy taking into account prerequisites among knowledge elements.
Correspondingly, he needs to realise an adaptive story line using adaptation along prerequisites among
concepts and their associated content objects. To this end, the relationships between concepts reflected in
the DM are not straightforwardly applicable. Rather, pedagogically meaningful relationship types are needed
that are suitable to translate the teaching strategy in actual adaptation. These relationships, which can be
denoted as concept relationship types (CRTs) or pedagogical relationship types therefore need to be
characterised by associated adaptive behaviour through the definition of rules. The CRT tool and its
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associated library provide a predefined set of such relationship types that are ready for use. Among these

also the relationship type ‘is prerequisite of’ is represented by two CRTs covering two different associated

rules/behaviours:

(1) If concept “X” is a prerequisite of concept “Y”,
then present first “X” and then “Y”.

(2) If concept “X” is a prerequisite of concept “Y”,
then present “X” and “Y”.

These two behaviours are usable to implement adaptive behaviour of the system that corresponds to
different didactical approaches. While the first rule corresponds to a step by step approach as Mr. Miller has
in mind, the second one reflects an approach of presenting a certain piece of knowledge together with its
prerequisites. Depending on the teaching strategy, the respective adaptation rule has to be chosen.

As the relationship type in question is already represented in the CRT library, Mr. Miller does not need to
further deal with the CRT tool, but can directly switch to the CAM definition tool in order to actually set up the
adaptive story line - through relating the concepts of the domain model with the concept relationship types
provided by the CRT tool. There, he defines e.g. that the Pythagorean Theorem is a prerequisite for the
Altitude Theorem (see Figure 15 for an illustrative example), and that the prerequisite CRT with adaptation
rule (1) should be used. He may also define such relationships on a more general level using placeholder
concepts, determining e.g. that a certain geometric form is a prerequisite for theorems within that geometric
form.

Figure 15: Visualised example of the relationships defined among the domain concepts
by the use of the concept relationship type ‘prerequisite’

Later on, this adaptation strategy will be translated by the system from a conceptual level to the content
level. As the concepts represented in the domain model are also reflected in the metadata of content objects,
the system is able to automatically select corresponding and appropriate content objects. Consequently,
translating Mr. Millers adaptation strategy, for instance, first content objects on triangles and right triangles
are presented, then on the Pythagorean Theorem, and only then on the Altitude Theorem.

Mr. Miller also decides to take the opportunity to realise adaptation to the learner’s prior/current knowledge.
In this way, he aims at avoiding to bore learners with content objects on concepts they know already. Rather,
he wants learners to be provided with learning material that is tailored to their knowledge and therefore
provides an appropriate level of challenge. Mr. Miller enriches the already established adaptive story line in
the CAM by an additional adaptation rule referring to the user model:

- If auser has available concept “X”,
then do not present concept “X”.

This means, additionally information from the UM is used, where the current knowledge of a learner is
reflected through a set of concepts from the domain model (or at least, containing partly the same concepts,
i.e. the same vocabulary, as the domain model). Probably, this query on the UM will already be captured by
the CRT and its associated behaviour — such that the selection of a certain relationship type will suffice to
realise this intended approach. (Note: To this end, further CRTs might be introduced/defined that make
include a UM query — and are usable in our example — whereas CRTs without reference to the UM, as
presented in the beginning, are still conceivable).The adaptive story line definedby Mr. Miller would be
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expressed in the system’s adaptive behaviour as follows: For a certain concept first the necessary
prerequisite concepts (i.e. content objects relating to it) are presented, unless a learner has already
knowledge about that concept. In other words, a learner is only presented with concepts for which he has the
necessary prerequisites, and the teaching sequence follows a structure of prerequisites.

4.1.2 A scenario on the definition of new conceptr  elationship types

Ms. Mayer is going to create an online course on art and reuses for this a domain model provided by the DM
repository (see Figure 16 for an example), which represents the different genres of art, their typical
representatives, and popular artworks of each of them.

Figure 16: Example domain model for the domain of art and artwork

Ms. Mayer wants to follow an example-based didactical approach in terms of a teaching strategy that first
presents a theoretical concept that is then illustrated by examples, which are used as a starting point to
further deepen knowledge. For the definition of the corresponding adaptive story line she intends to use the
concept relationship types ‘is example of and ‘deepens’. As these concept relationship types are not yet
covered by the CRT library, Ms. Miller has to use the CRT tool in order to define them. In the CRT tool she
selects the option ‘define new concept relationship type’ and first types in ‘is example of’ as the name for the
new CRT. Subsequently, by choosing ‘add adaptation rule’ she can define the associated behaviour. She
sets up the following rule:

- If concept(s) “X" is (are) example of concept “Y”,
then present “X” after “Y”

In further steps another CRT using the same relationship but with a different type of behaviour could be
defined, determining for example to first present/use examples for a certain concept before the concept itself
is targeted (If concept(s) “X” is (are) example of concept “Y”, then present first “X”, then “Y”).

Next, Ms. Mayer adds another CRT ‘deepen’ that she wants to use later on for defining concepts that are
usable for deepening knowledge on a certain concept. Consequently, she sets a rule expressing that ‘If
concept “Z” deepens concept “X”, then present “Z” after “X".

Based on the definition of these two CRTs, Ms. Miller is now able to define an adaptive story line
implementing her teaching strategy in the CAM definition tool. She configures the adaptation behaviour
(using placeholder concepts) such that first the genres of art are shortly introduced, followed by example
artworks of that genre, and subsequently — for deepening knowledge — she foresees learning on the
representatives (painters) of that genre (see Figure 17).
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Figure 17: Illustration of the relationships defined among
the DM concepts using placeholder concepts and CRTs

Additionally, Ms. Mayer wants the system to adapt to a learners’ learning style, through differentiating
between wholists and serialists and providing them with an according instructional sequence. She wants to
realize for wholist learners a breadth-first approach, where a learner first is presented with the general
concepts (i.e. the genres of art), before going into more detail (i.e. example artworks etc.). For serialist
learners, on the contrary, she wants to implement a depth-first approach, where the instructional sequence
will first go into more detail with respect to one general concept before presenting the next general concept
(i.e. first dealing with a certain art genre including the presentation of examples and deepening knowledge
through learning about the artist, before passing over to the next genre). To incorporate this approach of
adaptation in her adaptive story line, a reference to the UM - where a learner’'s preferred learning style is
reflected - needs to be made. Ms. Mayer enriches the tentative adaptation behaviour for the defined CRTs
through putting another ‘rule layer’ over it to finally reach a combined adaptation rule usable for her adaptive
story line.

As a result, learners in the art course will on principle first be presented with the genres of art, which will then
be illustrated by artwork of that genre and later on be followed by content objects on the corresponding
painters to deepen knowledge. Depending, however, on the respective learning style either first all global
concepts (genres) will be presented (wholist) before going into further detail or each genre will be elaborated
successively.

4.1.3 A scenario utilising DM relations

Mr. Smith wants to implement a course teaching biology, where instructional sequences of increasing
difficulty are realised. The CRT library already contains a relationship type ‘more difficult than’ with the
associated behaviour

- If concept “X” is more difficult than concept “Y”
then present first “Y”, then “X”

that is ready to be used for Mr. Smith’s teaching strategy.

The domain model Mr. Smith uses consists of a pure tree structure with sub/superordination relations,
detailing for animality the different genera, categories, and species of animals (e.g. animals  birds  fowls

chicken). As the teacher is of the opinion that learning about a more specific concept is more difficult than
learning about the superordinate concept, he wants to use the DM'’s structure of sub/superordination in terms
of the CRT ‘is more difficult than’. Therefore, Mr. Smith only needs to define that the DM relation
‘subordinate’ is translated into the CRT ‘more difficult than’. He starts the CRT tool, selects the relationship
type ‘more difficult than’ and defines as ‘translation from DM’ to use the rule ‘If concept “A” is subordinate to
concept “B”, then “A” is more difficult than “B”. Having done that, Mr. Smith can switch to the CAM definition
tool and easily set up the adaptation strategy.

Furthermore, as learners accomplishing his biology course will have differing learning goals, Mr. Smith wants
the system to adapt accordingly. A learner’s learning goal (for a certain domain/subject matter) is reflected in
his UM through a subset of concepts (of the DM). For instance, the learning goal of an individual may be to
learn about fowls and parrots, whereas the learning goal of another person may be reptiles. In order to
realise adaptation to the learning goal, an adaptation rule referencing to the UM is defined by Mr. Smith (this
UM query is reflected and defined in the CRT behaviour), such that concepts referring to a learner’s specific
learning goal are presented, and with increasing level of difficulty.

4.1.4 A scenario using behaviour definition for com binations of CRTs

Ms. Berger is creating a course for learning about Australia. She wants to realise a very open way of
teaching, letting the learners self-direct their learning process to a high degree. Nevertheless, she wants to
support learners by providing them with meaningful options from which they can choose in a self-regulated
manner. This meaningfulness she wants to reach by providing learners options that correspond to their
interest groups (with respect to subject matters such as biology, geography, politics, etc.) which are reflected
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in the UM. If a learner is for example especially interested in geography, he should therefore be presented
with options on related topics, whereas a politically interested learner should have the opportunity to choose
among political topics.

Figure 18: Illustrative example for a DM on Australia

For realising this adaptive strategy, the relationship types ‘related topic’ and ‘interest group’ can be used.
The relation ‘related topic’ is already part of the DM, in order to express topics that are related to a more
global concept (see Figure 18 for an illustration). Ms. Berger wants to use the same relation for creating her
adaptive story line. She starts the CRT tool and adds the relationship type ‘related topic’. Subsequently, she
adds another relationship type ‘interest group’. Having done that, she defines a rule for behaviour associated
to the combination of these two relationship types:

- If concept “A” belongs to interest group “B”,
and “B” has related topics concepts “Cy, C,,... C,",
then present “Cy, C,,... C,".

Then, she determines through referencing also to the UM, that if a learner is interested in a certain subject
he should be presented with all the related topics corresponding to that interest group as possible options for
learning (if the UM indicates e.g. two interest groups for a learner, the related topics of both are presented
etc.). In the CAM Ms. Berger then defines the adaptation strategy for her course (see Figure 19 for an
illustration). She first defines ‘interest groups’ of Australia (geography, biology, politics) and then related
topics for each of these groups (e.g. ‘animals’ and ‘plants’ as related topics of interest group ‘biology’).

Figure 19: lllustration of the relationships defined among the DM concepts of Australia
using the CRTSs ‘interest group’ and ‘related topic’ and relationship to UM

4.2 Specific Scenario(s) in the context of Simulations

Scrum is an iterative incremental process of software development (ADM; Schwaber, 1995). It is an agile
method insofar as it promotes short development iterations, open collaboration, and process adaptability
throughout the life cycle of a project. Small increments of work are performed with minimal planning. This
helps to minimize the overall risk, and allows the project to adapt to changes more quickly. There is an
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emphasis on stakeholder involvement. Scrum has also been used in other industries besides software

development, for example product development (Takeuchi et al., 1986; Takeuchi et al., 1995). Scrum

comprises a set of roles, practices and documents. The main roles are divided into two groups:
The pig roles (the scrum team):
0 The team comprises the designers, developers, etc.;

0 The product owner represents the stakeholders, writes user stories, prioritizes them, and
places them in the product backlog; and

0 The scrum master or facilitator ensures the Scrum process is used as intended and acts as
a buffer between the team and any distracting influences.

The chicken roles:
0 The stakeholders (e.g. customers and vendors);
o The users; and
0 The managers provide the environment for the product development organization.
The main practices are:

The sprint planning meeting in which the product owner informs the team of the backlog items from
the product backlog that he/she would like implemented and the team determines how much of this
they can commit to in the forthcoming sprint;

The sprint is a 15-30 day period in which the team implements the chosen sprint backlog to create
an increment of potentially shippable software;

The scrum or daily stand-up is a 15-minute standing meeting scheduled for the same time and place
each day. All are welcome but only pigs may speak. Each team member answers three questions:
What have | done since yesterday? What will | do today? What problems are preventing me from
accomplishing my goal?

The sprint retrospective is a meeting after each sprint at which all team members reflect about the
past sprint.

The main documents are:

The product backlog contains broad descriptions of all required features with time estimates
measured in days (open and editable by anyone);

The sprint backlog sets out how the team is going to implement the requirements for the upcoming
sprint _if a task requires more than 16 hours then break it down further; and

The sprint burn down chart is a publicly displayed chart showing the number of tasks remaining for
the current sprint.

There are frequent stakeholder meetings to monitor progress. Intermediate deliveries with working
functionality enables the stakeholders to get working software earlier and change its requirements according
to changing needs. The team frequently develops risk and mitigation plans. All planning and development is
very transparent. Everyone can see who is responsible for what and everyone is encouraged to recognize
and describe any unforeseen or potential problems. Software tools to support Scrum include Agilo
(Guicking et al., 2005; Guicking et al., 2006), Gaiaware Sprint (Gaiaware Sprint), and Danube
ScrumWorks (Danube Scrumworks).

Now, suppose a teacher wishes to teach the Scrum software development methodology to his students. He
feels that describing the concepts and services of Scrum through slides or a textbook is inadequate and un-
engaging to the students. However, he also feels that proposing a project, assigning the students various
roles and applying the Scrum methodology in class is infeasible. This task is time-consuming (a real-life
sprint involves a 15-30 day period), each student only experiences the role they are assigned, and the
teacher risks distracting the students with the details of the project when the concepts and services of the
Scrum process itself are the focus. Its success also depends on each student playing their part; a single
confused or lost student hinders the learning process for the entire class. The teacher would like to teach
Scrum through simulation, thereby enabling each student to take part in a functional Scrum team, to control
the duration of the simulation, to experience all roles, to familiarize themselves with the concepts of Scrum at
the appropriate times during the simulation, and to ignore the details of the project and focus on the process.
The teacher would like the simulation to adapt to each student where appropriate. This will involve
adaptation of the presentation and navigation of the concepts (Brusilovsky, 1996; Brusilovsky, 2001), but
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also adaptation of the workflow of the simulation itself. For example, a student's participation in a Scrum
meeting should depend on their role within the meeting and their prior experience with this service. There are
also many possibilities with respect to learning style: Should the simulation provide an overview or summary
before or after performing the service? Should it interject with hints and best practices during the meeting?
Should it provide assessment and testing through the medium of the simulation? The teacher wants to
author an adaptive simulation to teach the Scrum software development methodology. We make the
following assumptions:

The teacher has access to, or can create, a Concept Domain Model (CDM) with the following concepts:

softwareDevelopmentMethodology , agileSoftwareDevelopmentMethodology ,
scrumSoftwareDevelopmentMethodology , implementationTeamMember , implementationTeam
productOwner , scrumMaster , scrumTeam, stakeholder , sprintPlanningMeeting , sprint
potentialShippable , scrumMeeting , sprintRetrospective , backlogltem , productBacklog ,
sprintBacklog , sprintBurnDownChart , project , and projectProposal

The teacher has access to, or can create, a Service Workflow Model (SWM) with he following services:
createProductBacklog , sendProjectProposal , receiveProjectProposal , writeUserStory ,
prioritizeUserStory , addUserStoryToProductBacklog , scheduleSprintPlanningMeeting ,
attendSprintPlanningMeeting , addBacklogltemToSprintBacklog ,
assignSprintBacklogltem , copySprintBacklogToBurnDownChart , implementitem
removeltemFromSprintBurnDownChart , scheduleScrumMeeting attendScrumMeeting
scheduleSprintRetrospectiveMeeting , and attendSprintRetrospectiveMeeting

The teacher will ‘drag-and-drop' concepts from the CDM and services from the SWM into the Conceptual
Adaptation Model (CAM) and link them using Concept Relationship Types (CRTs), Service Relationship
Types (SRTs), and Concept-Service Relationship Types (CSRTs). The adaptation is specified using tags
(concept tags and service tags) and the relationship types (CRTs, SRTs, and CSRTSs).

4.2.1 Step 1: A Simple Simulation

The teacher opens the GRAPPLE Authoring Tool for Adaptive Simulations. This has left panels with the
CDM, SWM, CRTs, SRTs, and CSRTs. The CAM workspace is empty except for the start and end symbols.
The elements from the left panels are represented pictorially (see Figure 20). A concept is represented by
the name of the concept surrounded by a hexagon. A service is represented by the name of the service
surrounded by a rectangle. A control point (i.e. a split or a join) is represented by the condition surrounded by
an ellipse. An adaptive control point has an additional filled circle within the ellipse. A tag (concept or service)
is represented by the name of the tag surrounded by a double rectangle. If multiple edges emerge from a
single control point, each edge is annotated with a value. Figure 20 summarizes this representation.

Figure 20: The Workflow Legend.
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The teacher wants to create a simpleScrumLearningActivity that will cover the basics of the Scrum
software methodology, namely, the sprint planning meeting, the sprint, the daily scrum, and the
implementation of the items on the sprint burn down chart. He wants to teach this from the perspective of a
scrum master and an implementation team member. He does not, presently, want to deal with the user
stories, project backlog, sprint backlog, sprint retrospective meeting, etc.

To begin, the teacher drags the isProjectComplete control point from the SWM to the CAM. Edges can
be automatically inferred from the SWM. An edge from the start symbol to the isProjectComplete control
point is automatically added. An edge from the isProjectComplete control point to the end symbol,
annotated with the value yes , is automatically added. A loop from the isProjectComplete control point to
itself, annotated with the value no is automatically added. At this point the teacher has created a very
simplistic workflow of the Scrum software development methodology: start and do not finish until the project
is complete. The teacher would like to associate the project concept with the isProjectComplete control
point. He drags the project concept from the CDM to the CAM and creates an undirected involves = CSRT
edge between project and isProjectComplete

The contents of the CAM workspace at this stage are shown in Figure 21.

Figure 21: The Simple Scrum Learning Activity (Step 1).

The teacher creates a learning activity around this one control point and names it

simpleScrumLearningActivity . He could also associate the
scrumSoftwareDevelopmentMethodology concept with this learning activity by creating a directed
implements CSRT edge from simpleScrumLearningActivity to

scrumSoftwareDevelopmentMethodology

4.2.2 Step 2: More Services and Concepts

The teacher expands on the workflow by dragging the sprintPlanningMeeting ,
addltemsToSprintBurnDownChart , isSprintComplete , scrumMeeting isDayOver ,
finishForDay hasAssignments getitem implementitem and
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removeltemFromSprintBurnDownChart services and control points from the SWM to the CAM. At this
stage, the teacher feels the workflow is detailed enough for the simpleScrumLearningActivity

He drags the sprintPlanningMeeting concept from the CDM to the CAM and creates a directed
implements CSRT edge from the sprintPlanningMeeting service to the sprintPlanningMeeting
concept. He drags the sprintBurnDownChart concept from the CDM to the CAM and creates an
undirected involves CSRT edge from the addlitemsToSprintBurnDownChart service to the
sprintBurnDownChart concept. He drags the scrumMeeting concept from the CDM to the CAM and
creates a directed implements CSRT edge from the scrumMeeting service to the scrumMeeting
concept. He drags the item concept from the CDM to the CAM and creates undirected involves  CSRT
edges from the getltem service and the implementltem  service to the item concept. He creates an

undirected involves  CSRT edge from the removeltemFromSprintBurnDownChart service to the
sprintBurnDownChart concept. He drags the sprint  concept from the CDM to the CAM and leaves it
unconnected. He creates a learning activity from the isSprintComplete control point to just before the

end symbol and names it sprintLearningActivity

The contents of the CAM workspace at this stage are shown in Figure 22.

Figure 22: The Simple Scrum Learning Activity (Step 2).

4.2.3 Step 3: Adaptivity through Tagging

The teacher has created the basic workflow for the simpleScrumLearningActivity and associated
concepts with services and control points at the appropriate places. He now adds tags (concept and service
tags) and relationship types (CRTs, SRTs, and CSRTSs) to address the pedagogical and adaptive needs of
the simulation.

The teacher can tag both concepts (for adaptive content selection) and services (for adaptive service
instance selection). In our scenario the teacher tags the item concept with an experience tag. This
indicates that the details of item that can be expressed differently depending on the experiences of the
learner. For example, if the learner has experience with the Java programming language, a simple Java unit
test might describe what needs to be implemented (i.e. test-driven development), whereas if the learner has
experience with formal specification, Z notation might be more beneficial to the learner.

The teacher tags the sprintPlanningMeeting service with a role tag. This indicates that the workings
of the sprint-planning meeting can vary depending on the role of the learner. For example, if the learner is
the scrum master, then he schedules and chairs the meeting, whereas if the learner is an implementation
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team member he votes on whether a discussed item is added to the sprint burn down chart or not and raises
any development issues with the team.

The (dotted grayed) sub-service starting with hasAssignments is also tagged with role . If the learner is a
scrum master it will suffice to treat this sub-service as a black-box and simply show items being removed
from the sprint burn down chart. However, if the learner is an implementation team member, they will need to
see the process involved: they will check if they have any remaining assigned items, implement them, and
remove them from the chart.

The contents of the CAM workspace at this stage are shown in Figure 23.

Figure 23: The Simple Scrum Learning Activity (Step 3).

4.2.4 Step 4: Adaptivity through Relationship Types

The teacher can also specify adaptivity through the relationship types (CRTs, SRTs, and CSRTSs). So far, the
teacher has added several non-adaptive relationship types; he copied SRTs from the SWM to the CAM and
manually created simple CSRTS, e.g. involves and implements.

The cornerstone CRT that provides adaptivity is prerequisite . It is a directed hyper-edge that connects
any number of ‘source’ concepts to any number of ‘target’ concepts. It is specified in the form P
prerequisite Q , e.g. {sprint, item} prerequisite {sprintBurnDownChart} states that

sprint and item are prerequisites for sprintBurnDownChart

The teacher can alter existing SRTs and create new SRTs that do not originate in the SWM. For example,
when multiple edges emerge from a single control point, the teacher can change the condition to depend on
some property of the user. In our scenario, the teacher modifies the conditions for isSprintComplete and
isProjectComplete so that they perform just one iteration (by checking if the "no' paths are in the user's
coverage or history).

The teacher makes a more involved after the scrumMeeting , where the control flow splits in two. The first
path starts with isDayOver . The second path starts with hasAssignments . The teacher deactivates the
second of these and a control point is inserted into the SRT between getltem and implementitem . On
the third pass through this control point, the control flow is moved to the finishForDay service. This should
be sufficient to familiarize the learner with the workflow.
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The teacher can also make the CSRTs adaptive. For example, the involves ~ CSRT could connect roles,

e.g. teamlmplementMember , projectOwner , and scrumMaster , to a service e.g. scrumMeeting . The

details of this involvement presented to the learner could then depend on the learner's role within the

simulation. byConvention , isGoodPractice , and satisfies are other examples of CSRTs that could

be gradually introduced to the learning experience as the learner's familiarity with the simulation grows.
The contents of the CAM workspace at this stage are shown in Figure 24.

Figure 24: The Simple Scrum Learning Activity (Step 4).

This scenario will be expanded upon in other deliverables, for example Deliverable D3.5a. However, for the
purposes of this deliverable, the detail above will suffice.

4.3 Specific Scenarios in the context of Virtual Reali  ty (VR)

A teacher wishes to teach the solar system to his students. He feels that describing the solar system only by
means of text and illustrations is not appealing enough for the students that he envisages. Therefore, next to
plain text explaining the solar system from a scientific point of view, he also wants to provide 3D material.

For the creation of the course the author has created the Domain Model (DM) containing concepts such as:
Solar System, Sun, Planet, Satellite, Moon, Rotation, Structure, Orbit, Jupiter, Earth, etc.; and relationships
between these concepts like Sun is-part-of Solar System, Jupiter is-a Planet and domain specific relations
such as Planet rotates-around Sun, and Structure of Planet

4.3.1 Scenario 1: VR-resources for individual conce  pts

The teacher knows some 3D models of planets and satellites and he wants to include them in the course.
Therefore, the author will connect these resources to the corresponding concepts in the DM. For instance,
he associates an X3D file containing a 3D representation of Jupiter with the DM concept Jupiter; for earth he
has several 3D models (X3D format), which he all connects to the DM concept Earth; and he also associates
a 3D model to the DM concept Moon. He makes sure that all these VR-resource are associated with a label
“VR".
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Next, the author uses the CAM tool to create the adaptive story line of the course.

For most of the story line he can use the general CRTs available in the CRT tool. E.g., he expresses that all
the is-a relationships from his DM should be treated as prerequisite-relations from the CRT tool, i.e. the
supertype is a perquisite for the subtype (like Satellite is a prerequisite for Moon). Furthermore, he also
wants to express that a 3D representation of a concept will only be shown when the learner already has
some knowledge about the concept. For this, he selects a CRT rule that allows him to select the type of
resource (if the rule is not yet defined in the CRT tool, he has to define it first), e.g.:

- If user knowledge about <X> is above <level>
then present resource for <X> where label = “VR”

Because, the author has different 3D representations for earth, he also wants to be able to specify which
resource to use in which learning context. Therefore, he will use a CRT that allows him to select a specific
resource, e.g.:

- If in <DM-path for X>
then present resource for <X> = <resource>

As follows:

1. Ifin Structure of Earth
then present resource for Earth = Earth-Structure-Resource#1

2. Ifin Rotation of Earth
then present resource for Earth = Earth-Rotation-Resource#2

Where “Earth-Structure-Resource#1” and “Earth-Rotation-Resource#2” are actual VR-learning resources.
“Structure of Earth” and “Rotation of Earth” are paths from the Domain Model. Note that it is also possible to
select resources based on user knowledge.

The VR adaptation provided here is mainly limited to the selection of different resources. This can be done
by the regular CAM tool as selection of resources is a general feature also needed for non-VR learning
material. However, to allow adaptations of the VR learning material itself, the VR specific authoring tool
should be used (deliverable D3.4a, D3.4b and D3.4c). This is illustrated in the following scenario.

4.3.2 Scenario 2: A truly virtual learning world

The author has at his disposal a complete virtual 3D (VR) environment about the solar system displaying the
sun and the different planets, as well as their behaviours, and he would like to create a true adaptive VR
course for the solar system starting from this VR environment. He wants the learner to be able to navigate
through the virtual environment, interact with the objects (sun and planets) in the virtual world, view textual
explanations associated with the different objects and watch their behaviours (rotation, orbit, etc.). To avoid
that the learners don't know what to do or where to start, as well as to avoid that learners play too much with
the objects, the author wants that the world adapts according to the knowledge of the learner and the
material studied. For instance, two possible adaptations could be: when a learner has finished all study
material about Jupiter, the virtual planet will be marked and interaction with the virtual planet will be disabled;
when studying the rotation of the planets around the sun, the student will be able to observe this behaviour in
the virtual world; otherwise this behaviour should be disabled.

To achieve this, the author performs the following steps:

1. The author decides to specify adaptation for the virtual environment at hand and starts the VR
specific authoring tool (deliverables D3.4a, D3.4b, and D3.4c) for this resource.

2. Using the VR authoring tool, the author will associate with this virtual environment, all the concepts
and relationships that it covers. He will also associate these DM concepts and relationships with the
different resources inside the virtual environment and possible alternative resources that he wants to
use in the adaptation. These resources can be 3D objects but also behaviours. In this way he
provides a mapping of the conceptual structure of the DM onto the resource structure of the virtual
environments.

3. He will then create the adaptive story line, by using VR-specific CRTs that will be available in the VR
specific authoring tool. These rules are similar as the normal CRT rules expect that their adaptive
behaviours are expressed in terms of adaptive behaviour specific for VR. Examples of such rules
are:
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If user knowledge about “X” is complete
then disable <behaviour> for “X”

If concept “X” is a prerequisite of concept “Y”,
then mark “X” by spotlight and “Y” by highlight

If first visit
then navigationWithRestrictedInteraction

In general, the conditions have a pedagogical nature (like user knowledge, prerequisite, etc), but it
may also be useful to consider conditions that are purely VR based (like “looking to”, or “nearby”).

The design of the VR-specific authoring tool is subject of deliverable D3.4a.

4.3.3 Scenario 3: A hybrid scenario

In this scenario, the author wants to use a combination of classical learning material and a virtual
environment. While in scenario 2, the actual learning environment is the virtual environment and all
adaptation is performed inside this virtual environment, in this scenario the main learning environment is a
classical non-VR environment where adaptation can happen and the virtual environment needs to respond to
these adaptations. We illustrate this with the solar system. For instance, the author wants to offer a
combination of classical learning resources as well as the virtual environment described in scenario 2. The
author wants to specify that when the learner starts he will be offered a number of textual learning resources
as well as the virtual environment. Inside the virtual environment, the name of the planets already studied
should be annotated with a green colour, while the names of the ones still to be studied should be annotated
with the red colour. Next, the author also wants to specify that when the learner studying a concept (e.g., the
sun) (using the textual learning material), then a spotlight should be placed on this object in the virtual world.
Furthermore, he also wants to specify that planets that have been studied should stop rotating.

To realize this scenario, the author has to perform the following steps

1. For defining the adaptive story line for the classical learning environment, he will use the normal
CAM tool.
There, a rule needs to be used to trigger the presentation of the specific virtual environment resource. For
example:
If visit SolarSystem
then present resource for SolarSystem = mySolarSystemResource
2. To specify the adaptation inside the virtual environment “mySolarSystemResource”, the author
needs to use the VR-specific authoring tool in a similar ways as in scenario 2.

5 Definition and design of the CRT tool

51 Vocabulary of concept relationships

In order to specify a CRT a controlled vocabulary is needed. As described in Section 3.2.1 a CRT can be
defined according to a data model. Since the CRT definition still can change in its details, only a preliminary
vocabulary can be given in this version this deliverable.

entity type = [ anchor | target ]

where anchor defines the source concept and target defines the concepts where the CRT is pointing to.
entity = [ concept | service | resource ]

cardinality = [ binary | n-ary | group | binary-gro up | n-ary-group ]

52 Tool architecture

The CRT Tool is designed as Web-based application with two components, the client part which runs in a
Web browser and the server-side part which runs as a Web server (see Figure 25). The client part will be a

graphical tool which is included in a more general authoring tool application. The authoring tool application is
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a common environment for authoring tools (DM tool, CAM tool, and CRT tool). Within this environment the
CRT tool shares some commonly used functionality, such as configuration and settings. From a technical
viewpoint the CRT tool is a component in the authoring tools application. Therefore all tools have to be
implemented in the same programming language and using the same technology. The final decision about
programming language has not been made, however, most likely it will be one the popular Web technology,
such as JavaScript (together with some framework providing libraries), Flash (or some meta-language like
Flex), Java (Java Applet) or a combination (for example Google Web Toolkit which combines Java
programming language and JavaScript used as runtime code).

The second part is the server-side application, which is mainly responsible for storing CRTs. It is
implemented as a Web Service which allows for accessing it over the Internet. The CRT tool can contact the
Web Service in order to store, retrieve, and delete CRTs. Probably also some search functionality will be
implemented. Central part of the server-side application is the CRT library which (together with a database)
stores CRTs. As described in Section 3.2.1 a CRT there is a data model describing a CRT. These data are
stored in the CRT library. Most likely also the other authoring tools will use other services of the Web
Service. These services (CRT library included) will make use of the same infrastructure, such as database or
initialisation script.

The CRT tool is part of the GRAPPLE infrastructure as it is described in Deliverable D7.1. It is independent
from a concrete Learning Management System (LMS), since CRTs are not bound to specific systems or
content.

Figure 25: CRT Tool Architecture

53 Input and Output Data Formats

In general the CRT exchanges data indirectly via the CRT library located in a Web Service. It stores CRTs in
this library which makes these CRTs available for other tools. A data format is needed for the exchange of
data, in order that other tools can interpret CRTs correctly. The format will be XML-based and will look like
following example below. However this format still can change over the GRAPPLE project's lifetime.

<CRT UUID="02934809238409384">
<NAME>prerequisite</NAME>
<DESCRIPTION>some description about this CRT</DES CRIPTION>
<SHAPE>line</SHAPE>
<COLOUR>blue</COLOUR>
<ENTITY TYPE="ANCHOR">CONCEPT</ENTITY>
<ENTITY TYPE="TARGET">RESOURCE</ENTITY>
<CARDINALITY>N-ARY</CARDINALITY>
<GAL>

... pieces of GAL code ...

</GAL>
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</CRT>
This example depicts a concrete CRT definition. The UUID specifies a unique identifier which is used to
reference this CRT. Then name and description are specified in free text form. Next part is about the visual
representation, shape and colour are defined. Both definitions are based on a fixed vocabulary such as
predefined colours and shapes. Then the entity types are specified which this CRT is connecting and the

cardinality how many entities are connected with. Entity type and cardinality are specified by using a fixed
vocabulary. Last part is a piece GAL code which defines the adaptive behaviour of a CRT.

54 Interface

Since the CRT tool mainly communicates indirectly via the Web Service, the most important interface to be
defined is the Web Service interface. Other tools can access the CRT library via this interface.

String[] getCRTs ()
returns an array of all available CRTs (the identifies of the CRTSs)

String getCRT (String uuid)
returns the XML representation of a given CRT

void modifyCRT (String uuid, String crtxml)
modifies a CRT specified with an identifier

void deleteCRT (String uuid)
deletes a CRT specified with an uuid

String addNewCRT (String crtxml)
adds a new CRT into the CRT library and returns the uuid for the new CRT

String[] getDMRelationships (String uuid)
returns all semantic relationships which are used in the GAL code by the given CRT specified with
uuid

String[] searchCRT (String searchstring, String attributename)
searchs CRTs which contain a given string in a given attribute
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6 Appendix

®1 LAG grammar

PROG DESCRIPTION VARIABLES INITIALIZATION IMPLEMENTATIO N
DESCRIPTION //* text ’
VARIABLES I text ”
INITIALIZATION initialization ( STATEMENT )
IMPLEMENTATION  implementation ( STATEMENT )
STATEMENT IFSTAT | WHILESTAT | FORSTAT |
BREAKSTAT | GENSTAT |
SPECSTAT | (STATEMENT)
STATEMENT |ACTION
IFSTAT if CONDITIONthen (  STATEMEN)™ |
if CONDITIONthen ( STATEMENJ* else ( STATEMENJ*
WHILESTAT while  CONDITION
( STATEMEN)J [TARGETLABEL]
FORSTAT for RANGE do (STATEMENJ
[TARGETLABEL]
BREAKSTAT break SOURCELABEL
GENSTAT  generalize( (CONDITION) ")
SPECSTAT  specialize(  (CONDITION) *)
ACTION ATTRIBUTE OP VALUE
CONDITION  enough( (CONDITION) *, VALUE) |
PREREQ
RANGE “ integer ”
PREREQ ATTRIBUTE COMPARE VALUE
TARGETLABEL *“ text " |
SOURCELABEL *“ text "|*
ATTRIBUTE GENCONCEPTATTR |
SPECCONCEPTATTR
GENCONCEPT ATTR LAOSCONCEPTMAP.CONCEPT.ATTR |
LAOSCONCEPTMAP.CONCEPT.ATTR.ATTRATTR |
LAOSCM.ATTR |
LAOSCM.LAOSCM.ATTRATTR |
LAOSCM.LAOSCM.CONCEPT.ATTR.ATTRATTR

SPECCONCEPTATTR \SPECCONMAP\SPECCON\SPECATTR\ATTR.ATTRATTR
LAOSCM, LAOSCONCEPTMAP DM| GM| UM| PM|CM
CONCEPT Concept |* text ”

ATTR Attribute | title | keywords | text | introduction | conclusion |

Integrated model of adaptation on learning with specifications Page 55 (62)



GrROPPLE
D3.2a - Integrated model of adaptation on learning with specifications (v1.0), 19-12-2008

exercise | chid | parent|Relatedness | ATTR.ATTR |
CONCEPT.ATTR | label | weight | “ text ”
PREDEFATTR
PREDEFATTRATTR
ATTRATTR type | order | next | To-Do | menu| show |access | visited |
“text "

SPECCONMAP “ text "
SPECCON “ text ’
SPECATTR “ text ”

OP =| +=| =1 =
COMPARE == <| >| in
VALUE true | false |* text ”

&2 LAG grammar semantics

PROG: A LAG strategy or procedure, containing a set of instructions (programming constructs) defining the
user and presentation adaptation in an adaptive hypermedia environment.

DESCRIPTION: The description of PROG; contains a natural language description of the behaviour of the
adaptive strategy; it serves as the label (meta-description) for the whole strategy. It is important, as laic
(non-programmer) authors should be able to extract from it the necessary elements to make a decision
about using this adaptation or not.

VARIABLES : The variables of PROG; contains the list of variables that are used in the adaptive strategy.
This information can be used by a laic (non-programmer) author to decide what attributes of the GM
(goal and constraints model) should be filled-in for this strategy.

INITIALIZATION : The static initialization part of PROG,; in this part, the initial experience of the user, when
entering the adaptive environment, is described. This is useful so that a user doesn't enter a void
environment. Here, all the default decisions are set. Adaptive environments which are adaptable but not
adaptive can only render this part.

IMPLEMENTATION: The dynamic implementation part of PROG; in this part, the interactivity between the
adaptive environment and the user is described (for instance, the effect of user clicks).

STATEMENT: The LAG language is a simple language built of a number of programming constructs, or
statements, as follows:

IFSTAT: This statement is similar to IF statements in other programming languages, and is used for
condition-action rules; the exact syntax is given in the grammar. This is the basic building block of the
adaptation language. Any other (higher level) building block is translatable to it, as all adaptive
hypermedia environments use this as the basis of adaptation.

WHILESTAT: This statement is similar to WHILE statements in other programming languages, and is used
for loops; the exact syntax is given in the grammar.

FORSTAT: This statement is similar to WHILE statements in other programming languages, and is used for
loops; the exact syntax is given in the grammar.

BREAKSTAT : This statement is similar to BREAK statements in other programming languages; the exact
syntax is given in the grammar. It is used to exit a FOR or a WHILE loop. It is currently not available for
the MOT2AHA conversion.

GENSTAT: This statement uses the hierarchical structure in the DM (domain model) and GM (goal and
constraints model) for adaptive navigation. It specifies that more general concepts, higher in the
hierarchy than the current concept, will be displayed to the user, given that the condition(s) is (are)
fulfilled. It is currently not available for the MOT2AHA conversion; instead, the child-parent relation can
be used.

SPECSTAT: This statement uses the hierarchical structure in the DM (domain model) and GM (goal and
constraints model) for adaptive navigation. It specifies that more specific concepts, lower in the hierarchy
than the current concept, will be displayed to the user, given that the condition(s) is (are) fulfilled. It is
currently not available for the MOT2AHA conversion; instead, the child-parent relation can be used.

ACTION: This is part of the basic building block of condition-actions. It can be used by itself, as if the
condition attached to it would be set to TRUE. This statement is the only one that allows specification of
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updates and changes of visible (such as the current screen) or invisible (such as the user knowledge)
variables.

CONDITION: this part of a statement can appear in various constructs, for ultimately triggering condition-
action rules. A condition can be a change in a variable, but also an event, such as the user access to a
certain concept. The condition is specified by a prerequisite, or a set of prerequisites, of which enough of
them should be fulfilled.

enough: this is a part of a condition statement; it specifies that a number of conditions should be fulfilled.
How many of these conditions are enough is specified by the VALUE.

ATTRIBUTE: can appear in a condition or an action; can be a generic attribute of a DM (domain map), GM
(goal and constraints map), UM (user map) or PM (presentation map) (e.g., DM.Concept.knowledge).
Generic attributes are used in adaptive strategies that can be applied on (almost) any DM and GM.
When specific attributes are used, the whole strategy becomes only applicable on a specific, given DM
and/or GM (such as in our example, only on the “Neural Networks Map” domain model).

ATTR: the variables in LAG follow the naming in LAOS (as shown by the syntax). There are a series of
standard, predefined names, such as: title | keywords | text | introduction | conclusion | exercise |
Relatedness | type (inherited from the DM — domain model); child | parent (inherited from both DM and
GM - goal and constraints model); label| weight | order (inherited from the GM); next | ToDo | menu |
show | access | visited (inherited from the PM — presentation model).

Title : title of a concept.

Keywords : keywords list of a concept.

Text: main body of a concept.

Introduction : introductory (hyper-)text of a concept.

Conclusion : concluding (hyper-)text of a concept.

Exercise : an exercise referring to the contents of a concept.

Relatedness : a (typed) relation of a concept with another concept, other than the hierarchical relation. Can
be used to present all related concepts of the current concept.

Type: an attribute of a concept attribute (e.g., the attribute Title is of type ‘Title’). Can be used to present only
attributes of a given type.

Child : any sub-concept of the given concept in the concept hierarchy (concepts below in this hierarchy), as
well as all attributes of a group concept.

Parent: the super-concept of the given concept in the concept hierarchy (concept above in this hierarchy)

Label: the textual label used in the GM for giving extra presentational information about a concept (such as
pedagogical information — e.g., this concept is for beginners, thus it is labelled ‘beg’)

Weight : the numerical label used in the GM for giving extra presentational information about a concept (such
as pedagogical information — e.g., this concept is for readers of the short version of 30% of the material,
thus it is labelled ‘30%); it can be used in combination with Label to give more detailed extra
presentational behaviour.

Next: (currently,) it can be used (only) in the Initialization part to turn the “Next” button on or off. PM.GM.next
= false turns it off (default is true). (for beginners, it might be enough to have a next button without other
confusing menus or lists)

ToDo: (currently,) it can be used (only) in the Initialization part to make the “ToDo” list of concepts still to visit
visible or not. PM.GM.ToDo = false turns it off (default is visible).

Menu: (currently,) it can be used (only) in the Initialization part to make the “Menu” hierarchical list of
concepts visible or not. PM.GM.menu = false turns it off (default is visible). (for global learners, for
instance, it is advisable to have a menu)

Show : this is a reserved variable (from the PM — presentation model) used to show a concept to the user,
when true. By default, all concepts’ show variable is set to false, so they are invisible. If no concepts’
show variable is turned to true in the initialization part of the adaptive strategy, the user will enter a blank
screen.

Access : this is a reserved variable (from the PM — presentation model) used to specify that a concept is
currently accessed by the user.

Visited : this is a reserved variable (from the PM — presentation model) used to specify that a concept has
been accessed by the user in the past.
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6.3 Examples®

Example (1): An example of using LAG is the "show all" strategy, which makes all concepts visible:

initialization(
/l make everything readable
while true
PM.GM.Concept.show = true
)
implementation (
)

Example (2): Another example is "roll-out" strategy, which does two things: the more times you visit a sub-
lesson, the more of its contents (attributes) become visible. At the same time the opposite is also possible:
the more times you do not visit a sub-lesson, the more of its contents become invisible. This is governed by
weight (number of visits) and label (either showafter or showatmost for content that needs to appear or
disappear respectively).

/' VARS
/I UM.GM.Concept.beenthere, GM.Concept.label, GM.Co ncept.weight

initialization(

while true (
UM.GM.Concept.beenthere =0
PM.GM.Concept.show = true
)
while GM.Concept.label == showafter (
if GM.Concept.weight > 1 then (
PM.GM.Concept.show = false
) else (
PM.GM.Concept.show = true
)
)

)

implementation (

if UM.GM.Concept.access == true then (
UM.GM.Concept.beenthere += 1

)

if enough(UM.GM.Concept.beenthere >= GM.Concept.w eight
GM.Concept.label == showatmost
,2) then (
PM.GM.Concept.show = false
)

if enough(UM.GM.Concept.beenthere >= GM.Concept.w eight
GM.Concept.label == showafter
,2) then (
PM.GM.Concept.show = true
)
)

® More examples of LAG language strategies and their DM-GM counterpart (the CAF XML file), as well as
their conversion in AHA3.0 can be seen at: http://prolearn.dcs.warwick.ac.uk/strategies.html
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®4 LAG adaptation language creation process

To perform the implementation of the adaptation language, a more precise definition of its syntax was
required. Regular grammars are insufficient to specify the syntax of most programming languages, including
our adaptation language, so we decided on using a context-free grammar. A context-free grammar is a tuple
(V, T, S, P) with V = a finite set of variables; T = a finite set of terminals; S =the start variable (S1 V); P = a
finite set of production rules of the form: A xwith AT Vand x T (union(V, T))*. In the following, we show
how we populated the four variables of the tuple definition of the context-free grammar. The syntax of our
adaptation language (see Figure 9) is given by the context-free grammar: GAL = ({written in CAPITALS},
{written bold }, PROG, P). The production rules P are given in the well-known Backus Naur Form (see Table
5). The label “text_label_a” denotes an instantiated label of a surrounding loop-statement. Take for example
the program fragment:

while CONDITION do (
while CONDITION do (
if CONDITION then break sourcelabel
) label_y
) label_x

PROG STATEMENT
STATEMENT  IFSTAT | WHILESTAT | FORSTAT |
BREAKSTAT | GENSTAT |
SPECSTAT | (STATEMENT)
STATEMENT |ACTION
IFSTAT  if CONDITION then (STATEMENT)
WHILESTAT  while CONDITION do
(STATEMENT) [TARGETLABEL]
FORSTAT for RANGE do (STATEMENT)
[TARGETLABEL]
BREAKSTAT  break SOURCELABEL
GENSTAT  generalize( (CONDITION)")
SPECSTAT  specialize( (CONDITION))
ACTION  ATTRIBUTE OP VALUE
CONDITION  enough( (PREREQ)", VALUE) |
PREREQ
RANGE “integer”
PREREQ ATTRIBUTE COMPARE VALUE
LABEL  “text”
TARGETLABEL  “text”
SOURCELABEL  ‘“text_label_a”
ATTRIBUTE = GENCONCEPT |
SPECCONCEPT
GENCONCEPT  “CM_type.concept.attr ” |
“CM_type.concept.attr_z "
SPECCONCEPT “CM_x.concept_y.attr_z ”

OP “:" | “+:" | “—:" | “_:"
COMPARE  “=="|*“<"|“>"]"in”
VALUE  “text”

Table 5: The LAG adaptation language syntax

The semantics of this program fragment is that the if-construction is executed as long as the while-condition
holds. When the if-condition is met, the surrounding loop with matching label is broken. In this case, the
“break sourcelabel” is surrounded by two while-loops with different labels; label_x and label_y would
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therefore be both legal texts for the sourcelabel. Next to explain are the attributes, GENCONCEPT and
SPECCONCEPT. They refer respectively to general and specific concepts of the LAOS structure Error!
Reference source not found. (see section 8). In figure 9, “CM_type” denotes a MOT domain type (‘UM’,
‘DM’, ‘GM’, ‘AM’ or ‘PM’), whereas “CM_x" represents an instance of a concept map (for example, ‘Neural
Networks II'). Similarly, “concept_y” denotes an instance of a concept (such as ‘The perceptron’) and “attr_z"
denotes an instance of an attribute (e.g., ‘Keywords’).

6.4.1 Interface Adaptation Language Syntax

[Start] [Adaptive Strategy]| [Adaptive Procedure]

[Adaptive Strategy] [add statement]

[Adaptive Procedure] [add statement]

[add statement]  [If' | [While] | [For] | [Break] |

[Generalize] | [Specialize] | [Action]| adaptive procedure

[Ifl [add statement] if [condition] then ([add statement])

[add statement] | if [condition] then ([add statement])
[add statement] | [add statement]
if [condition] then ([add statement])

[while] [add statement] while [condition] do ([add statement])
[label] [add statement] | while [condition] do ([add
statement]) [label] [add statement] | [add statement]

while [condition] do ([add statement]) [label]

[For] [add statement] for [range] do ([add statement]) [label]

[add statement] | for [range] do ([add statement]) [label]
[add statement] | [add statement]
for [range] do ([add statement]) [label]
[Break] [add statement] break [label][add statement] |
break [label] [add statement] |
[add statement] break [label]
[Generalize] [add statement] generalize( ([condition]))
[add statement] | generalize( ([condition]))
[add statement] | [add statement]
generalize( ([condition]))

[Specialize] [add statement] specialize( ([condition]))

[add statement] | specialize( ([condition]))
[add statement] | [add statement]
specialize( ([condition]))

[Action] [add statement] * [attribute] [operator] [value]

[add statement] | * [attribute] [operator] [value]
[add statement] | [add statement]
* [attribute] [operator] [value]

[condition]  [prereq] | [condition][prereq][condition] |

enough( [condition], [weight]) | [condition]
enough( [condition], [weight]) [condition]

[range] ‘“integer”

[prereq] [attribute] [compare] [value]

[label]  “text”

[attribute]  [generic] | [specific]

[generic] “CM_type.concept.attr "|“CM_type.concept.attr_z "

[specific] “CM_x.concept_y.attr_z "

[operator] e R e
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[compare] == <[> [ in”

[value] “text”

Table 6: Interface adaptation language syntax

The definitions in Figure 9 specify the production rules; the actual syntactical display of a partially finished
program in the adaptation language program is slightly different. This is done on purpose, to facilitate the
construction of adaptation language programs (see Table 6).

In other words, the above production rules are non-ambiguous, i.e., each program can only be constructed in
one way with the production rules. The syntax of our interface adaptation language is given by the context-
free grammar: GIAL = ({written in [between brackets]}, {written bold }, [Adaptive Strategy], P).

6.4.2 The adaptation language compiler

Adaptation language realization requires a compiler to translate adaptation language constructs into direct
adaptation rules to be executed by the adaptation engine (AE). A classical compiler consists of four parts: a)
lexical scanner, transforming the input string (a program in adaptation language) into a row of tokens (e.g.:
for, +); b) context-free parser, constructing a parsing tree out of the received row of tokens and checks if a
sequence of tokens is meaningful in its context according to the syntax definition of the source language; c)
context dependant analyzer, which performs a type-checking using the parse tree. After this check is
successful, it can be concluded that the original input string is a correct program in the source language; d)
code generator, which translates the parse tree into the target language. In our case we had the opportunity
to enforce the interface that is used to write adaptation language code to allow only legal sequences of
language constructs. This can e.g. be done by associating an object class with each language construct. A
legal sequence of language constructs can be represented by a corresponding legal list or tree of objects.
This is equivalent to the parsing tree created by a context-free parser of a classical scanner. So the compiler
only has to perform a context dependant analysis and generate the target language code. As stated, the
context dependant analyzer performs a type-check on the constructed parse tree, e.g., checking correct
typing of guards, (array-)indexes, function calls and assignments based on the (declared) type of the used
variables.

| CREATE TABLE ConceptAttribute

Id INTEGER Unique number.
PRIMARY KEY
Conceptid Concept to which
attribute belongs.
INTEGER References
NOT NULL Concept.
Standard attrib.type
Standardattributeld or 100, if not.
INTEGER References
NOT NULL StandardAttribute.
Name TEXT NOT Attribute name if it
NULL is not standard
attribute.
Contents TEXT NOT Attribute contents.
NULL

Table 7: MOT concept attribute specification

Our current adaptation language however is totally different because it doesn’t have typed variables at all.
This is a result of the fact that, apart from standard attributes, concept attributes in MOT have no type, in the
sense that the allowed operations on these attributes are not (yet) defined. This can be deduced from the
MOT database specification in Table 7. As our adaptation language has no typed attributes (variables), type-
checking of the parse tree can only be performed partially. We know that ‘if attr_x < 10 + attr_y > 5 then’ is
illegal, because ‘+’ isn’'t a Boolean operator. However, we cannot determine if ‘if attr_x < 10 and attr_y > 5
then’ is correct, because both attributes are not typed. The important point is that the user-interface can
enforce this partial check. It simply allows only Boolean operators between the attribute-conditions in a guard
context. We had two possible approaches for the compiler construction: a classical compiler (as above) or
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one that only generates target language code, via an advanced GUI for source language code, ensuring
that the program is correct. The choice between the two approaches was quite easy, as the advanced GUI
approach is less time-consuming to construct and allows a more modular architecture, enabling simple
language extensions without rewriting parts of the compiler. It, of course, required writing an additional
module (for compiling of constructs introduced by the language extension) and some changes in the GUI
code (as the GUI should allow substitutions associated with the new production rules). The advantage of the
classical compiler is that it can operate independently, parsing every text input from any text-editor. We
considered, however, that advantages of the advanced GUI approach outweigh this, as the development and
implementation of a classical compiler with an acceptable level of modularity is much more difficult.
Moreover, the end-users aimed at with this MOT-extension are supposed to be creators of adaptive
hypermedia without necessarily having training in programming languages, so a building-block approach
seemed to be most suitable for them as well.
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