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Abstract: This deliverable describes the authoring tool for adaptive simulations. We provide some
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Summary

Deliverable D3.5a (Design of an Adaptive Simulation Authoring Tool) has been produced for the EU FP7
STREP project, GRAPPLE (Generic Responsive Adaptive Personalized Learning Environment). The
GRAPPLE project aims at delivering to learners a technology-enhanced learning (TEL) environment that
guides them through a learning experience, automatically adapting to personal preferences, prior knowledge,
skills and competences, learning goals and the personal or social context in which the learning takes place.
The same TEL environment can be used at home, school, and work or on the move (using mobile/handheld
devices). The authoring and delivery of adaptive simulations will be the focus of Deliverables D3.5a, D3.5b,
D3.5¢c, D4.1a, and D4.1b. The scope of this deliverable is to detail the design of a tool for authoring adaptive
simulations. This tool will allow authors to define the adaptive behaviour within simulations.

The purpose of this deliverable is:

To provide some motivation for adaptive simulations — why adaptive hypermedia based on content
alone is not enough;

To survey existing tools for authoring simulations and their support (if any) for specifying adaptivity;
To specify the requirements for an authoring tool for adaptive simulations;

To show how the tool-set developed within GRAPPLE for adaptive non-simulated learning
environments can be extended to cover adaptive simulations; and

To present an initial design for such a tool.
The main contributions of this deliverable are:

A set of definitions related to adaptive simulations that will be used through the related deliverables
(D3.5b, D3.5¢, D4.1a, and D4.1b);

Two scenarios (a simple process of peer review and a complex process of software development);

An extended set of requirements on GRAPPLE tool set for adaptive non-simulated learning
environments, in particular, for the Domain Model (DM), Concept Relationship Type (CRT) and
Concept Adaptation Model (CAM) tools; and

An initial design for the first implementation of an authoring tool for adaptive simulations.
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1 Introduction

Activity is an important part of learning. For example, Active Learning [9] is a model of instruction that places
the responsibility of learning on learners through practical activity. In order to assimilate the learning material,
the learners must actively engage with it. Examples of active learning include class discussion and ‘think-
pair-share’. Situated Learning [62] states that learning is a function of activity, context and the culture in
which it takes place. It occurs as a result of social interaction, e.g. through workshops, role-playing, field
trips, etc. Many other learning theories are bound to the notion of an activity.

Learners learn best when the learning experience offered to them meets their needs and stimulates their
preferred modes of learning [20]. When designing an adaptive learning environment, we should consider not
only adaptive content and adaptive navigation, but also ‘adaptive learning activities’ [12][22][67]. We need to
shift from learning objects that are ‘retrieved’ or ‘accessed’ to learning activities that are ‘experienced’.

An adaptive educational simulation combines activity and adaptivity. For our purposes, we focus on
procedural simulations [8], i.e. simulations that teach a learner how to accomplish some well-defined task.
Examples of procedural simulations include Standard Operating Procedures (SOPSs) in the workplace, the
peer review process, and the Scrum software development methodology.

To eliminate, or at least minimize, the programming overhead placed upon the author of an adaptive
educational simulation, we need to provide an intuitive authoring tool with a range of ‘pedagogical
relationship types’ that can sufficiently express and realize the relationships between the components of
adaptable learning activities. An appropriate starting point for these relationship types is the notion of
workflow [95]. We can use constructs like sequencing, splitting, and joining to sequence and order the
services (elementary components of an activity) in educational simulations. These constructs can then be
adapted to individual learners. For example, learners may need to repeat some learning activity a certain
number of times in order to familiarize themselves with a new concept. We can represent this repetitiveness
using a looping construct in a workflow language. However, the number of iterations may be adapted to an
individual learner depending on the learner’s characteristics, e.g. their proficiency with the concept or their
enthusiasm as perceived by the system. Van der Aalst et al. [95] surveys simple and complex workflow
patterns that a workflow language may be required to represent. Although originally motivated by business
process modelling and business process coordination, any workflow language capable of representing
learning activities in an educational simulation will have much the same requirements. Workflow
management is the automation of business procedures or ‘workflows’ during which documents, information,
or tasks are passed from one participant to another in a way that is governed by rules or procedures (see
Figure 1 for a brief overview of the terminology as provided by the Workflow Management Coalition (WfMC)
[4]). We intend to simulate this process when authoring and delivering adaptive simulations (see Figure 2).
Even though both these figures are rooted in business processes, the same terminology can be applied to
any simulated process. The main difference between the two figures is that Figure 1 uses a workflow
management system to manage a “real-world” process whereas Figure 2 is simulating the process but uses
a workflow management system nonetheless. The workflow management system provides a unified
approach to modelling and delivering procedural simulations.
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Figure 2: The WfMC Workflow Terminology for Simulations.

This deliverable is organized as follows. In the remainder of this section we discuss the relevance of
simulations, and in particular adaptive simulations, to learning environments. We also distinguish between
simulations and virtual reality since these are two separate concerns within the GRAPPLE project. In Section
2 we review some related work from simulation authoring, workflow authoring, and learning activity design. In
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Section 3 we gather some definitions regarding adaptive simulations that we will use throughout this

deliverable and in future related deliverables. We extend the requirements of the GRAPPLE models and tool

set for adaptive non-simulated learning environments to cater for adaptive simulations in Section 4. These

requirements are best illustrated through the two scenarios in the following section. In Section 6 we present

our initial design for the authoring tool for adaptive simulations. Finally, we conclude in Section 7.

1.1 Why Simulations and Why Adaptive Simulations?

There are many advantages in using simulations in an educational context [8]. Most importantly, the learning
content can be provided at the opportune time (i.e. mid-activity) and the ‘learning transfer’ phase is short. By
opportune time, we don’t just mean the point in time when the learner is learning about some topic; adaptive
content in non-simulated environments already provides this. Instead, we are referring to the point in time
when the learner is performing the task that he or she is also learning about. Furthermore, there are unique
advantages in using adaptive simulations in an educational context:

Adaptive simulations become more interesting and engaging. Adaptation occurs at the individual
level rather than simply ‘classing’ learners, as do many simulations, e.g. novice, intermediate, or
expert.

They reduce the burden of composition. The author does not need to develop many similar
simulations for variations of the same process or for slightly different audiences.

There is a clean separation of concerns: the simulation procedural model, the adaptation model and
the content model. Most procedural simulations tend to combine the procedural simulation model
and the content model, thereby making it difficult to introduce adaptivity.

Adaptive textbooks [14][40][100], adaptive quizzes [77], intelligent solution analyzers [99], adaptive
class monitoring systems [70] and adaptive collaboration support systems [86] all show considerable
benefits over their non-adaptive counterparts. We believe adaptive simulations will be no different.

1.2 Virtual Reality and Simulations

As part of the GRAPPLE project, adaptivity is being applied to the novel areas of adaptive simulations
(D3.5a, D3.5b, D3.5¢c, D4.1a, and D4.1b) and adaptive virtual reality (VR) (D3.4a, D3.4b, D3.4c, D4.2a, and
D4.2b). In this section we distinguish between the two. VR and simulations are very closely related concepts.
VRs, virtual environments, and synthetic environments are broadly concerned with computer-generated
systems that stimulate a human’s perceptual experience in order to create an impression of something that
does not really exist. Simulations or computational models are broadly concerned with computer-generated
models of a particular system. A VR can be considered a simulation (the term ‘simulated reality’ is
suggestive of this fact) [83] and a simulation can also be considered a VR [46]. It is also possible for a VR to
contain a simulation and vice versa. On the other hand, a simulation does not necessarily require an
‘operator-in-the-loop’. A computational model of a process is self-contained. However, a VR stresses the
importance of the human user and their perceptual experience, e.g. an immersive VR.

For our purposes, we consider a VR to map technological capabilities to the creation of virtual worlds that a
user can interact with. Any resemblance between these virtual worlds and the ‘real world’ is incidental.
Simulations map the ‘real world’ or, more likely, some aspect of it, to a model and use computers ‘to bring
this model to life’. If the human perceptual experience of what is being modelled is not of interest then this
latter mapping can completely ignore the associated stimuli. In the context of educational VR and
educational simulation, the distinction is more apparent. In an educational VR, the learner is not necessarily
learning about the virtual world; it is merely the ‘place’ and context where the learning takes place. However,
in an educational simulation, the learner is learning either about or how to control and use the model being
simulated. In our example scenarios, we restrict ourselves to simulations that are not considered VRs to
avoid any overlap. In particular, we provide a scenario for a procedural simulation [8] that does not provide a
VR.

2 Related Work

There are numerous authoring environments for simulations, workflows, or adaptive courses. However, few
combine the functionality of all three to allow for the authoring of adaptive educational simulations. Some
notable exceptions that at least promote the use of services or activities as a basis for learning are presented
first.

Design of an Adaptive Simulation Authoring Tool Page 9 (52)
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The Adaptive Course Construction Toolkit (ACCT) [30][31][32][33][34][35][36] is a system based on the
‘Multi-Model, Metadata Driven Approach to Adaptivity’ [21]. 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. The ACCT explicitly models narrative structures (e.g. case studies,
didactics, Action Mazes, WebQuests — inquiry-oriented lessons in which most or all the information that
learners work with comes from the web) (see Figure 3) and activities (e.g. peer review).

+ Adaptive Course Construction Toolkit (ACCT) Prototype version0.6 - created by Declan Dagper
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The Learning Activity Management System (LAMS) [37] is a learning design system for authoring, managing
and delivering online collaborative learning activities (see Figure 4). It provides teachers with an intuitive
visual authoring environment for creating sequences of learning activities. These activities can include
individual, group, and class tasks. The activities are based on both content and collaboration. However, it
does not explicitly provide for adaptivity.
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Casella et al. [17] extend UML activity diagrams to describe adaptive and collaborative learning activities.
The resultant graphical language can be used to model learning activities supported by a graphical modelling
tool. Conlan et al. [22] use adaptive web service composition (AWSC) to adaptively sequence services in the
Adaptive Personalized eLearning Service (APeLS) to provide rich personalized learning experiences to K12
school children. Conole et al. [23] use a tool called Compendium to enable teachers to create and share
learning activities through a very intuitive visual representation of a process schema (see Figure 5).

However, it does not provide for adaptivity.
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The Learning Activity Design in Education (LADIE) project [60] provides a reference model that was informed
by good pedagogical practice for designing learning activities. They present two types of activity editors —
one for technically oriented authors and one for pedagogically oriented authors. They orchestrate services
(elemental parts of an activity) through a ‘Learning Activity Run-Time Engine’ and deliver the activities to the
students through a ‘Learning Activity Player’. They blur the distinction between run-time and author-time to
enable teachers and authors to modify a learning activity on the fly. Their implementation is based on IMS
Learning Design (IMS LD) [24]. However, they suggested that future work should investigate technologies
like WS-BPEL [68].

Non-adaptive simulation and workflow authoring environments are also of interest. There are a range of
commercial [15][16][18][28][48][54][55][571[65][72][79][81][82][84][93][94] and Open Source [19][58][59]
business process modelling tools. Many of these tools can also simulate the processes. ISEE Systems’
STELLA [88] and Powersim’s Studio 7 [85] allow an author to create a system diagram in which variables
are represented by icons and the cause-effect relationships between variables are represented by arrows
connecting them. STELLA (see Figure 6 and Figure 7) is based on the System Dynamics modelling
approach [42][43][44][45]. The user creates a ‘flow diagram’ and the system generates the necessary
equations and their solutions. As the simulation is being delivered, the software progressively increments the
time variable and updates all the other variables. Powersim (see Figure 8) and SimQuest (see Figure 9 and
Figure 10) provide similar interfaces.
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Figure 6: Simulating populations with Stella.
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[ Matural_Resources(f) = Matural_Resources(t- di) + (regenerating - consuming) * dt

IMIT Matural_Resources = 4000
INFLOWS:
=% regenerating = Matural_Resources*regeneration_rate
QUTFLOWS
=& cOnsuming = Population*resources_consumed_per_person
Population(t) = Population(t- di) + (being_born - dying) * dt
INIT Population = 100
INFLOWS:
=& being_born = Population*birth_rate
QUTFLOWS
e dying = Population*death_rate
birth_rate = .2
resources'_person = Matural_Resources/Population
resources_consumed_per_person=2
&4 death_rate = GRAPH(resources\_person/INIT(resources\_person))

[elele}

(0.00, 0.468), (0.02, 0.385), (0.04, 0.295), (0.06, 0.242), (0.08, 0.19), (0.1, 0.147), (0.12,0.113), (0.14, 0.07), (0.16, 0.055)

(0.2,0.0375)

4 regeneration_rate = GRAPH(Natural_Resources/INIT(MNatural_Resources))

(0.00,0.0015), (0.07, 0.0125), (0.14, 0.0203), (0.21, 0.0267), (0.28, 0.037), (0.35, 0.0358), (0.42, 0.0403), (0.45,0.0442),

(0.63, 0.0467), (0.7, 0.0478)

Figure 7: Simulating populations with Stella.
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Figure 9: Simulating classical mechanics with SimQuest.
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Figure 10: Simulating classical mechanics with SimQuest.

The term workflow learning [5][6], although somewhat neologistic, promotes the integration of workflow
support and learning within the dynamics of real-time workflow through the use of integration methodologies
(e.g. web services). Its proponents envision workflow support and simulation being embedded within the
devices, applications and portals of a worker [29] (pgs. 58-59) [64] (pg. 48-51). Role-based composite
applications or portals are generated for specific job roles. The knowledge to accomplish a task lies not with
the user or the tool, but with the context. Traditional application training or even business process training
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cannot meet the needs of a worker that uses a role-based composite application or portal. However, the
concept of workflow can become the foundation and context for training.

Some authoring systems for (non-adaptive) e-Learning courses provide for the creation of learning activities
[1][41][47][73]. Intelligent Tutoring System (ITS) authoring tools also provide for device simulation and
equipment training [66][74][92][97].

Finally, high-level Visual Instructional Design Languages (VIDLSs) [10], for example, the Educational
Modelling Language (EML) which evolved into IMS Learning Design (IMS LD) [24], the Educational
Environments Modelling Language (E2ML), the Learning Design Language (LDL) for collaborative learning,
the Cooperative Problem-Based Learning Meta-Model (CPM) (a model-driven generalization of all of the
above [61] based on OMG’s Model-Driven Architecture (MDA) [71]), all provide graphical constructs for
modelling learning activities.

What we are really looking for is an authoring environment that can be used by a teacher to create entire
adaptive courses, incorporating concepts and services (activities). The fundamental elements that the
teacher has in mind when preparing a course should be the same artefacts that he or she is controlling and
manipulating on the screen, e.g. an introductory explanation, exercise, online discussion, etc. These
requirements are discussed in more detail in Section 4.

3 Definitions

In this section we present some definitions that will be used in this and related deliverables (D3.5b, D3.5c,
D4.1a, and D4.1b) with respect to adaptive simulations. Annexes A, B, C, and D provide formal XML
Schemas for the three main models: the Domain Model, the Pedagogical Relationship Type and the
Adaptation Model. Annexes E, F, and G provide example XML files that are valid with respect to these
schemas. They illustrate the structure and typical contents of the models.

3.1 Resource Model

A Resource Model (RM) models all assets (concept instances and service instances) that are available for
use in an adaptive course or adaptive simulation. These assets comprise text, images, sound, video, chat
services, email services, forum services, exercises, references, datasets, etc. The actual assets can be
contained in a closed-corpus repository or retrieved from an open-corpus repository, such as the Web.
However, every modelled asset must provide meta-data in the form of a required set of pedagogical
attributes. These attributes must specify, for instance, the difficulty of the content (e.g. introductory,
intermediate, expert), the language, the media format, etc. Service instances also need to expose their
inputs and outputs.

One standardized possibility for this task is the IEEE Learning Object Metadata (LOM) [56] specification. This
specification defines a number of vocabularies for describing pedagogical attributes of resources. For
example, it includes attributes like interactivity type, learning resource type, interactivity level, semantic
density, difficulty, and description. IEEE LOM also encapsulates all of the Dublin Core [2] elements. The final
choice for the required set of pedagogical attributes has not yet been made.

3.2 Domain Model

A Domain Model (DM) comprises a Concept Domain Model (CDM) and a Service Domain Model (SDM). A
SDM can also be considered a Service Workflow Model (SWM). The reason for this alternative name is
explained below. A CDM models abstract concepts. The actual concept instances are modelled in a RM.
D3.1a (Design Specification of a DM Definition Tool) describes this model in more detail. A SDM is an
analogous model for services. It models abstract services. The actual service instances are modelled in a
RM. Services can be domain specific in their very nature, e.g. scrumMeeting is only meaningful when
learners are studying the Scrum software methodology, whereas other services can be domain-independent
but can be parameterized so that they appear domain-specific, e.g. classDiscussion can apply to any
domain, but when the discussion is parameterized with a particular topic, it becomes domain-specific.

A CDM will use the IMS Vocabulary Definition Exchange (IMS VDEX) [27] specification (see D3.1a). This
specification provides a grammar for the exchange of a common vocabulary. Specifically, VDEX defines a
grammar for the exchange of simple machine-readable lists of terms, along some simple semantics to help a
human understand the meaning or applicability of the various terms. VDEX may be used to express terms in
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instances of IEEE LOM [56], IMS Metadata [26], IMS LIP [25], ADL SCORM [63], etc. VDEX can also
express hierarchical and loose networks of relationships if required.

To enable reuse of the DM tool for a SDM, we will also use IMS VDEX to express our ‘service space’ and
some simple descriptive (non-pedagogical) relationships between those services. It will be possible to mix
concepts and services together in the one space, blurring the distinction between a CDM and a SDM. The
author will simply see a collection of items in a unified DM.

The simple descriptive (non-pedagogical) relationships between services may in some cases be workflow
constructs, e.g. XOR-split, XOR-join, etc. These are not describing a workflow or process per se. A SDM is a
static representation of services. However, if two services are dragged from a SDM into an Adaptation Model
(AM) (see below), then the relationship can induce an actual workflow construct if the author so wishes. The
relationship in a SDM can be considered a ‘default’ or ‘suggested’ workflow construct between two related
services. The relationship it induces in an AM is a SRT (again, see below), into which adaptivity can be
specified.

Many concept instances in a RM can potentially fulfill the needs of an abstract concept in a CDM. Similarly,
many service instances in a RM can potentially fulfill the needs of an abstract service in a SDM. However, for
service instances and abstract services, ‘fulfilling the needs’ is not simply a matter of having appropriate
values for certain meta-data attributes. The service instances must also be, to some degree, IOPE-matched,
i.e. they must share a similar set of inputs, outputs, preconditions, and effects.

In our authoring tools and delivery infrastructure for adaptive simulations, services are implemented using
Portlets and the Web Services for Remote Portlets (WSRP) Specification [69]. This specification allows
Portlets to be accessed using Web Services. Portlets have a well-defined interface and communication
protocol so all interaction with them can be brokered. We will require this ability when orchestrating the
services through a workflow engine.

Unalike concept instances, service instances can terminate in a variety of ways. These are:

Through a user action (close service — this is similar to browsing away from a concept instance in a
hypertext);

Through an interrupt from another service instance; or
Following the expiration of a specified duration (timeout).

We also note that SDMs can be automatically obtained through process mining [3][78][101]. This
functionality is certainly outside the scope of our work. However, the obvious analogy between automatically
deriving an SDM through process mining and deriving a CDM through concept mining and formal concept
analysis (FCA) [50] is nonetheless very interesting.

3.3 Pedagogical Relationship Types

A Pedagogical Relationship Type (PRT) is a Concept Relationship Type (CRT), a Service Relationship Type
(SRT), or a Concept-Service Relationship Type (CSRT). CRTs are described in detail in D3.2a (Definition of
a Concept Relationship Type Tool). A CRT is a pedagogical relationship between concepts and can be
instantiated in an AM (see below), e.g. prerequisite , analogousTo , etc. It may have associated
adaptive behaviour, e.g. only make the target endpoints of a prerequisite CRT visible if its source endpoints
have already been visited. Similarly, a SRT is a pedagogical relationship between services and can also be
instantiated in an AM. In our implementation, we employ the following seven basic workflow constructs as
SRTs: sequence , XOR-split , AND-split , OR-split , XOR-join , AND-join , and OR-join . Each of
these may also have associated adaptive behavior. Finally, a CSRT is a pedagogical relationship between
concepts and services and can also be instantiated in an AM. Examples include isExemplifiedBy (the
details of a concept may be explicitly demonstrated by a service), adheresToThePrinciplesOf (a service
may abide by the rules or laws of a concept), etc.

To the author, all three types of PRT can be mixed together seamlessly in the AM, thereby blurring any
distinction between them. However, for us, their functionality will be quite different and so we differentiate
between them as such. The authoring tool will provide a repository of commonly used PRTs. D3.2a
describes a CRT tool for creating new CRTs from the ground up. This will be extended for creating new
SRTs and new CSRTs. A PRT is represented in XML. This XML specifies, among other things, a PRT's
name or identifier, description of purpose, arity, parameters, constraints (when and where it can and can't be
applied), and its adaptive behaviour (specified in the GRAPPLE Adaptation Language (GAL)). This
representation will be almost identical to that specified in D3.2a.
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3.4 Adaptation Model

An Adaptation Model (AM) is a workspace into which everything else is combined to produce an adaptive
course or adaptive simulation. Within the GRAPPLE project and D3.3a (Design of a CAM Definition Tool), it
is referred to as the Conceptual Adaptation Model (CAM). However, this overly emphasizes the role of
concepts, especially when the aim is to author adaptive simulations. For this reason we drop the ‘conceptual’
qualifier in this and related deliverables (D3.5b, D3.5¢c, D4.1a, and D4.1b) to show that it can also be a
service-based AM. The CAM Tool (as described in D3.3a) will be extended to handle services, SRTS, and
CSRTs.

PRTs (CRTs, SRTs, and CSRTSs) are instantiated in an AM. They are ‘dragged’ into the workspace by the
author and bound to specific concepts and services. A PRT can only be instantiated if the concepts and
services that the author is trying to bind it to match its parameters and the PRT’s constraints are satisfied. An
AM is the author’s complete description of an adaptive course or adaptive simulation before it is translated
into GAL and enacted by an adaptive engine. An AM is represented in XML. This XML will specify, among
other things, the AM’s name or identifier, author, and a graph-based model of its contents (concepts,
services, and PRTSs). This representation will be almost identical to that specified in D3.3a.

3.5 Activities

Activities or Learning Activities are simply reusable groupings of concepts, services and PRTs. Examples
include scrumMeetingLearningActivity , sprintPlanningMeetingLearningActivity ,
sprintLearningActivity , and sprintRetrospectiveMeetingLearningActivity . Some of these

examples are illustrated in the scenario in Section 5.2. Within the AM tool, they can be contracted or
expanded to make the visual representation of an adaptive course or adaptive simulation easier to navigate
and understand. It is also possible to nest and reuse activities.

4 Requirements

In some senses, the requirements for an authoring tool for adaptive simulations are somewhat open-ended.
Many users have definite expectations of popular software applications like word processors, spreadsheet
editors, and web browsers. There are well-defined feature sets and requirements that these applications
must cater for. This does not appear to be the case, at least at present, for authoring tools for adaptive
simulations. This was confirmed during the stakeholder interviews of the GRAPPLE project (see deliverables
D9.1 and D10.1). The stakeholders (learners and training providers) were asked in an open-ended question
to list the features they would most like to see implemented in an Adaptive Learning System (ALS). In a
subsequent question, they were provided were a complete list of features provided by varying ALSs
documented in the literature and asked to rate their importance. However, when analyzing the most frequent
answer categories in the open-ended question and the corresponding importance ratings in the closed
question, a significant correlation could not be found. This suggests that stakeholders who named certain
categories of features in the first question did not necessarily judge them as highly important in the
subsequent question. This may be due to the fact, that imagining such features in an open-ended question
proved difficult — and when confronted with the closed question they became aware of new features that they
conceived were even more important than those indicated previously. It also suggests that their expectations
of an authoring tool for adaptive simulations are not clearly defined. Nevertheless, the deliverables note that
‘both learners and the training providers appreciate the difficulty in and complexity of authoring an adaptive
course’ and ‘the authoring environment has to be very easy to use so that the teacher can do it without the
intervention of specialists’.

To this end, we first describe the user interface that an author will use to create and manipulate an adaptive
simulation. We then expand on the requirements for each of the models (resource, domain, relationship
types, adaptation) used by the GRAPPLE tool set in order to support this functionality. The models for
adaptive non-simulated learning environments can be found in deliverables D3.1a, D3.2a, and D3.3a.

The user interface is based on a graph model. A graph is a mathematical structure typically used to model
the relationships between objects. It consists of nodes or vertices linked together by (possibly directed,
weighted edges. A graph can be defined by a list of vertices and edges, by using a matrix structure or simply
by a drawing of the graph. A drawing of a graph is a visual representation of its vertices and edges. We
describe one such representation (see Figure 11). A polygonal or circular shape depicts a vertex with an
optional label printed inside or close to the shape. An edge is depicted by a polyline or curve, which connects
the shapes and may also have an optional label. If an edge has an associated direction it is decorated with

Design of an Adaptive Simulation Authoring Tool Page 17 (52)



GROPPLE

D3.5a - Design of an Adaptive Simulation Authoring Tool (v1.0), 31-01-09
an arrow to indicate this direction. A ‘good’ drawing of a graph not only defines the graph but also effectively
aids its comprehension by authors. The properties of a graph drawing that make it good are called
aesthetics. These include minimizing the number of edges crossings, minimizing the area of the drawing,
minimizing the sum of the edge lengths, keeping the edge lengths uniform, minimizing the number of edge
bends, etc. Aesthetics can conflict, e.g. increasing the number of edge bends can provide for shorter overall
edge length. Our graph drawings are also subject to constraints [91] that reflect the domain of adaptive
simulations, e.g. their layout can be suggestive of the directionality of the workflow. Graphs provide a uniform
interface over heterogeneous models with standard graphical operations and easily understood semantics.
The same interface can be used for both creating and manipulating existing adaptive simulations. Indeed,
high-quality adaptive courses tend to evolve rather than be completely designed from the ground up.
Therefore, the interface must cater for both creation and maintenance.

Figure 11: A drawing of a graph with five vertices and six edges. There are two labelled vertices, two labelled
edges and two directed edges.

A vertex can represent either a concept or a service. An edge or hyper edge (an edge with an arbitrary
number of endpoints) represents a PRT. Any subgraph can be contracted to a single vertex. It can be
expanded again as necessary. This subgraph or contracted vertex represents an activity. An entire graph
represents an adaptive simulation. An author creates an adaptive simulation by dragging vertices and edges
from a palette and adding them to a graph. For example, adding a vertex that represents some concept and
linking it with an edge to some service indicates that the concept and the service are related. The service
might be a realization of the concept or it might adhere to the principles of the concept, etc. The type of
relationship will be indicated by the type and labelling of the edge. Vertices and edges can also be removed.
The actual drawing or layout of a graph does not concern the semantics of the adaptive simulation. It is
purely an aid for the author when comprehending the structure and contents of an adaptive simulation. The
interface enforces constraints during author-time. For example, when dragging a PRT from a palette and
adding it to a graph, the edge can only be added between vertices that match the PRT’s parameters and
does not violate any of its constraints. In particular, a CRT can only be added between concept vertices and
an SRT can only be added between service vertices.

4.1 Extensions to the Resource Model

The RM models the pieces of content and service instances that can be included in our adaptive simulations.
Each element in the RM is adorned with required pedagogical attributes. The Education Application Profile
within Dublin Core [2] is a plausible candidate for this task (see Section 3.1 for more information). These
pedagogical attributes allow for interoperability and discoverability of resources. This may also be done
automatically, for example, through Gleaning Resource Descriptions from Dialects of Languages (GRDDL)
[98] to get RDF models from XML and XHTML documents via XSLT. In the context of adaptive simulations,
the resources may be pieces of content or service instances. For our purposes, the conceptual RM as
defined in D3.1a is sufficient.

4.2 Extensions to the Domain Model

The most substantive difference between the requirements for the DM in adaptive non-simulated and
adaptive simulated learning environments is the addition of a SDM. The CDM is identical to that in the
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adaptive non-simulated learning environments. However, in our domain, services also need to be modelled.
The services (and their instances) are orchestrated to produce an adaptive simulation. They are analogous
to the concepts (and their associated content) in the adaptive non-simulated learning environment.

If the SDM is a SWM, then the relationships between the services are (non-adaptive) workflow constructs.
They are analogous to the relationships between the concepts in the CDM. They do not have a pedagogical
aspect to them. The SRTs and CSRTSs, which are the analogue of the CRTs presented in deliverable D3.2a,
provide the pedagogical relationships and cater for adaptivity.

In effect, we require the DM (and its tool) to represent the services and the workflow constructs between
them. This is a considerable departure from the usual functionality associated with a DM. However, it need
not require much extra effort. We propose creating an abstract service  concept, of which every service will
be an instance (using an ‘is-a’ relationship), an abstract workflowConstruct concept, of which every
workflow construct will be an instance, and an abstract flow concept, of which every flow or path in the
workflow will be an instance. Then, to represent that the workflow after, say, serviceA splits into two paths
leading to serviceB and serviceC (e.g. after the scrumMeeting service in the scenario outlined in
Section 5.2) we do the following. We model serviceA , serviceB , and serviceC as instances of

service . We model andSplit as an instance of workflowConstruct . We model outServiceA
inServiceB , and inServiceC  as instances of flow . Finally, we create ‘has-a’ relationships from
outServiceA to serviceA and andSplit , from inServiceB  to serviceB and andSplit , and from
inServiceC  to serviceC and andSplit . This representation allows a DM tool to differentiate between
concepts and services and the relationships between them (see Figure 12).

Figure 12: Extending the DM to handle services, workflow constructs, and flow.

Of course, the authoring tool and delivery infrastructure for the adaptive simulations should provide ‘syntactic
sugar’ to make this representation more practical and natural to read. It could represent the relationships
between serviceA , serviceB , and serviceC using the graphical workflow constructs as shown in the
figures in the Scrum scenario. However, this simple transformation allows the same DM from the adaptive
non-simulated learning environments to handle these extensions using the canonical ‘is-a’ and ‘has-a’
relationships between concepts.

To summarize, the DM can model the services and relationships between them without any explicit
extensions. The simple pattern described above can be used to represent them, while the authoring tool and
delivery infrastructure for the adaptive simulations will provide functionality to make this pattern more
readable to the author.

4.3 Extension to the Pedagogical Relationship Types

The most substantive difference between the requirements for a CRT in adaptive non-simulated and
adaptive simulated learning environments is the addition of the SRT and the CSRT (or the generalization of
the CRT to the PRT which combines all three variations). These two new relationship types are necessary to
represent the relationships between services and between concepts and services. In the same spirit as the
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CRT tool (D3.2a), the GRAPPLE authoring tool set will 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);
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) ;

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. 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 [39][51][75][76][87]. This is also known as model progression [39][96]. For
a novice, initial learning is emphasized (with lower fidelity) and for an advanced learner, transfer is
emphasized (with higher fidelity). Adaptive behaviour will be specified in a PRT through the GAL. The
following is a snippet of GAL code to implement model progression:

on gal.events.simulation.procedural.stateChange {
def ¢ = gal.dimensions.individual.competence;
def m = gal.dimensions.individual.milestones;

def u = gal.dimensions.individual.usage;

def f = gal.features.simulation.procedural.content fidelity;
def a = gal.features.simulation.procedural.content .augmentation;
I/l aggregate dimension values to get where the use ris now

def max = c.MAX_VALUE + m.MAX_VALUE + u.MAX_VALUE;
def min = c.MIN_VALUE + m.MIN_VALUE + u.MIN_VALUE;

def value = (c.value + m.value + u.value - min) / (max - min) * 100;
/I fidelity increases and augmentation decreases p roportionality
f.value = . MIN_VALUE + ((f.MAX_VALUE - f.MIN_VALU E) / 100 * value);
a.value = a.MAX_VALUE - ((a.MAX_VALUE - a.MIN_VALU E) /100 * value);

Work Packages 1 and 3 are defining GAL jointly. The above example is for illustrative purposes only. For
more details, see deliverable D4.1a.

The case of adaptive navigation is entirely substituted with adaptive workflow. For example, similar but
slightly different paths through a simulation can be taught or presented together as one or the number of

Lt may be possible to ‘overload’ the same identifiename with different relationship types; théuat choice is made when the
teacher instantiates the relationship in the AMkspace. The choice is made by the system by finitiedpest match between the
relationship’s list of parameters and the typesasfcepts and services to which it has been joined.
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repetitions can be reduced to the point where the learner is familiar with the process. These types of
behaviours are illustrated in the scenario in Section 5.2; the author 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 in
Section 5.2, the details of implementing each item on the ‘sprint burn down chart’ are important for the
implementation team members. However, for the ‘scrum 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.

In the context of the GRAPPLE authoring environment, the CRT tool can also be used to define 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 scenarios
below, 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 author, e.g. by representing the different relationships in the AM
workspace using the pictorial notation outlined here.

4.4 Extensions to the Adaptation Model

Adaptive simulations suggest new adaptive features (what we can adapt) and adaptive dimensions (what we
can adapt to). We can adapt to model fidelity (time, advice, etc.). Adaptive workflow also completely replaces
adaptive navigation. We can require system reactions and feedback as required. This feedback can be either
natural or artificial and immediate or delayed. We use immediate corrective feedback, even if it is unnatural,
when a learner first begins using a simulation or when the simulation’s purpose is initial presentation and
guidance. In contrast, when a more advanced learner uses the simulation, especially when it is used in
practice or as a test, it should provide natural feedback as much as possible, whether delayed or immediate.

In simulations, we replace navigation through hyperlinks with many different types of actions [8], e.g. making
a choice, manipulating an object, reacting to an event, and collecting information. Learner actions can be
categorized as desirable (requiring natural feedback), neutral, negative (requiring immediate, possibly
artificial feedback), or critical. We can also adapt to the learner’s role (permission, maintenance, trouble-
shooter).

We can enumerate what is required of GAL in order to adequately express adaptive simulations and their
behaviour. It will need to provide for simulation-specific adaptive features and simulation-specific adaptive
dimensions. A list of the former includes:

Adaptive Content (including Services)

0 Service Selection: This is the analogue of adaptive content selection in traditional adaptive
hypermedia. Many service instances, modelled in the RM, can fulfill the requirements of a
service in the SDM. The final choice may depend on attributes and preferences of the
learner. Service selection also includes the appropriate parameterization of a service to
make it more intuitive to the learner.

o Fidelity: This describes the rigorousness of the process models and the level of complexity
of the simulation. It is the accuracy of the representation when compared to the real world. A
simulation is often categorized as having low, medium, or high fidelity. A common mistake is
to assume that it is always better to use high fidelity. Low fidelity can be more appropriate at
the beginning of a training or learning session. It can be increased as the learner becomes
more familiar with the simulation. This is also known as model progression. Fidelity can be
further divided into constituent factors, for example, accuracy, capacity, error, fithess,
precision, resolution, sensitivity, tolerance, validity, etc. This can be considered ‘sub-
features’ of the fidelity feature.

0 Modality: A modality is either a sense through which a human can receive output from a
computer or a device through which a computer can receive input from a human. In other
words, it is a path of communication between a human and a computer. Examples of the
former include sight, hearing, touch, balance, temperature, etc. and examples of the latter
include display, microphone, speaker, accelerometer, etc. The range of devices attached to
a computer limit the modalities that can be offered by a simulation. For example, if the user
wishes to use a chat room service they can speak aloud if the computer has a microphone
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and speaker and the service supports audio transmission, otherwise they may have to type
what they wish to say. To improve the educational prospects of a simulation and engage the

learners, it is necessary to offer multiple modalities at low, medium and high fidelity levels.

o0 Feedback: This can be categorized along two dimensions. Firstly, feedback can be either
natural or artificial. Natural feedback blends in with the simulation. It mirrors the feedback
provided by the real world process. For example, suppose the learner is presented with a
service that offers the functionality of a programming language interpreter. This enables the
learner to experiment with code for himself. If the interpreter reports a syntax error in the
same way as a real world interpreter, then this is a form of natural feedback. On the other
hand, suppose the service provides advice for coding style and indentation while the learner
is typing in their code, then this is a form of artificial feedback. A real world interpreter does
not normally provide this. Secondly, feedback can be either immediate or delayed. It can be
provided at the opportune time or delayed until the learner has completed some task.

0 Motivators: Motivation, in the context of educational simulations, is a desire to learn.
Simulations can include artefacts that explicitly try to increase motivation, e.g. motivational
quotes, questions that instil curiosity, competitions between learners, scoreboards, etc.
These can be included or omitted depending on the perceived motivation of the learner.

Adaptive Navigation / Workflow

0 Sequencing: The actual sequencing or workflow of an adaptive simulation can be adapted to
the learner. This adaptation can depend on, for example, the role of the user, the number of
times they have iterated through a section of the simulation, or the amount of time they can
devote to the learning activity. This can be specified through workflow constructs that are
augmented with adaptive behaviour.

o Control: Both the system and the learner determine, to a certain extent, the path taken
through an adaptive simulation. Control refers to the degree to which either the system or
the learner decides this path. At an early stage in the training or learning session, it may be
desirable to allow the system to make most of the decisions, guiding the learner through the
process. Eventually, it may be entirely the learner’s choice as to which path he wishes to
follow.

o0 Mapping: In traditional adaptive hypermedia, a map provides a global overview of the user’s
position in the hyperspace. It helps prevent the ‘lost-in-hyperspace’ problem. This is equally
important in adaptive simulations. A map can provide the user’s position in the overall
workflow. It helps show what services the user has finished with, what services are pending,
and whether the user is in two or more parallel branches of workflow at the same time. At its
simplest level, it can provide a list of services or tasks that the user currently needs to
complete.

Adaptive Presentation

o Arrangement: Considering services to be portlets that are delivered to the learner through a
portal affords new possibilities in adaptive presentation that are not present in traditional
adaptive hypermedia. The portlets can be arranged within the portal to suit the user. For
example, if two services are required to advance to the next stage of the workflow, then the
two corresponding portlets can be displayed side-by-side in the portal. This arrangement can
be performed automatically by the system when needed.

A list of the latter, simulation-specific adaptive dimensions, is no more extensive than the list of adaptive
dimensions in traditional adaptive hypermedia, e.g. learner goals, competence, language, etc. Deliverables
D9.1 and D10.1 have compiled a comprehensive list of these adaptive dimensions and gauged their relative
importance as perceived by learners and teachers.

5 Scenarios

We present two scenarios to illustrate the process of authoring an adaptive simulation. The first is a simple
peer review process and involves a sequential workflow. The second is a more complex software
development process and involves a non-sequential workflow.
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5.1 Peer Review

The LADIE project [60] has developed a broad set of use case scenarios for activity-based e-Learning. One
such scenario requires students to review a set of resources relating to a specific topic. This review is
followed by a discussion on the topic, which is guided by the teacher. The students then write and submit a
report based on their discussion. The list of steps is:

1) Teacher briefs students on the activity.

2) Students log into system and access the resources.

3) Students discuss the problem.

4) Students write report.

5) Students submit report.

6) System notifies teacher that report has been submitted.

We wish to adapt both the content and the workflow of these activities to the needs of the students. The
content can be adapted based on various adaptive axes such as the students’ prior knowledge. In addition to
this, the services that also make up the activity can be tailored to the needs of the students as well as to their
context. For example, discussion between groups of students can be supported by various different services.
A bulletin board service might be appropriate if the activity is expected to run over a long period of time while
a chat room service might be more appropriate for a relatively short activity where all of the students are
online. Similarly, the authoring and submission tasks can employ a choice of services.

5.2 Scrum: An Example of a Procedural Simulation

Scrum is an iterative incremental process of software development [7][80]. 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 emphasis on stakeholder
involvement. Scrum has also been used in other industries besides software development, for example
product development [89][90].

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

o0 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 back-log 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?
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The sprint retrospective is a meeting after each sprint at which all team members reflect on 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 enable 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 [52][53],
Gaiaware Sprint [49], and Danube ScrumWorks [38].

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 for 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 [11][13], but 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? How often? Should it provide
assessment and testing through the medium of the simulation?

The teacher wants to author an adaptive simulation to teach to teach the Scrum software development
methodology. We make the following assumptions:

The teacher has access to, or can create, a 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 . Each concept should include a

definition of itself and, perhaps, a textual example.

The teacher also has access to, or can create, a SDM or SWM with the following services:

createProductBacklog , sendProjectProposal , receiveProjectProposal ,
writeUserStory , prioritizeUserStory , addUserStoryToProductBacklog ,
scheduleSprintPlanningMeeting , attendSprintPlanningMeeting ,
addBacklogltemToSprintBacklog , assignSprintBacklogltem ,
copySprintBacklogToBurnDownChart , implementltem
removeltemFromSprintBurnDownChart , scheduleScrumMeeting , attendScrumMeeting
scheduleSprintRetrospectiveMeeting , and attendSprintRetrospectiveMeeting

Individual Portlets realize each service (see deliverable D4.1a for more details).

The teacher will ‘drag-and-drop’ concepts from the CDM and services from the SWM into the AM and link
them using PRTs (CRTs, SRTS, and CSRTSs). Adaptation is specified through GAL code using tags (concept
tags and service tags) and the adaptive behaviour of the PRTs.
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5.2.1 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 AM workspace is empty except for start and end symbols. The
elements from the left panels are represented pictorially (see Figure 13). 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 tag or
service tag) 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 13 summarizes this
representation.

Figure 13: A legend for the elements from the CDM and SWM.

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 AM. Workflow
constructs (in the form of 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 AM and
creates an undirected involves  CSRT edge between project and isProjectComplete

The contents of the AM workspace at this stage are shown in Figure 14.
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Figure 14: The simpleScrumLearningActivity

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

5.2.2 Step 2: More Services and Concepts

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

He drags the sprintPlanningMeeting concept from the CDM to the AM 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 AM and creates an undirected
involves CSRT edge from the additemsToSprintBurnDownChart service to the
sprintBurnDownChart concept. He drags the scrumMeeting concept from the CDM to the AM 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 AM and creates undirected involves  CSRT
edges from the getltem service and the implementitem  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 AM 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 AM workspace at this stage are shown in Figure 15.
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Figure 15: The simpleScrumLearningActivity

5.2.3 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 tags and
service tags) and PRTS (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 (test-driven development), whereas if the learner has
experience with formal specification, Z notation might be more beneficial to the learner. We will implement
tags as a special case of PRTs — pedagogical relationships with an arity of one.

The teacher also 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 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) activity starting with hasAssignments is also tagged with role . If the learner is a
scrum master it will suffice to treat this activity 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.

The contents of the AM workspace at this stage are shown in Figure 16.
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Figure 16: The simpleScrumLearningActivity

5.2.4 Step 4: Adaptivity through Pedagogical Relati  onship Types

The teacher can also specify adaptivity through the PRTs (CRTs, SRTs, and CSRTSs). So far, the teacher
has added several non-adaptive relationship types; the authoring tool inferred SRTs from the relationships in
the SWM and instantiated them in the AM. The teacher also created simple CSRTs manually, e.g. involves
and implements.

The cornerstone CRT that provides adaptivity is prerequisite . It is a directed hyperedge that connects
any number of ‘source’ concepts to any number of ‘target’ concepts. It is specified in the form P Q, e.g.
{sprint ,item } {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 to ensure that they are performed at most once (by checking if the ‘no’ paths are in
the user’s coverage or history).

The teacher makes a more involved modification 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 inserts a control point 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.

The teacher can also make the CSRTs adaptive. For example, the CSRT entitled involves  could connect
roles, e.g. teamimplementMember , projectOwner , and scrumMaster , to a service e.qg.

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 AM workspace at this stage are shown in Figure 17.
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Figure 17: The simpleScrumLearningActivity

6 Architecture

The architecture for

the authoring tool set for adaptive simulations is an extension of that proposed in

deliverables D3.1a, D3.2a, and D3.3a. Basically, this architecture describes a Rich Internet Application (RIA)
— a stateful client application that runs in a browser with a separate services layer on the backend (see
Figure 18). The application does not require a software installation. However, this architecture poses some

difficulties:

We are limited in the range of libraries and technologies we can use. The client libraries in particular
need to be cross-browser but have enough functionality to provide a rich graphical interface. The
DM, CRT and CAM tools require the facility to create and manipulate vertices (concepts, groups of
concepts, etc.) and edges or links (concept relationships, CRTs, etc.) of various types and annotated
with additional information through drag and drop interaction. This is a hon-trivial requirement. We
require more than the usual forms-based mash-ups that many AJAX tool-kits generally produce. For

this reason,

we are experimenting with toolkits like the Google Web Toolkit (GWT) and Adobe Flex.

Persistence is problematic since RIA’'s may not have access to a user’s local file-system. For this
reason we provide a “Persistence Service” (see Figure 18) to remotely store and retrieve a user’'s

files.
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Figure 18: The authoring tool set is a RIA, which can access many data repositories, through services.

The authoring tool set will share the “GRAPPLE shell” (see Figure 20 and deliverable D3.3a). This shell
integrates the DM, CRT and CAM tools so that they appear as one tool and the author can seamlessly
switch between them. For adaptive simulations, we will extend the DM tool to handle the notion of services,
the CRT tool to handle the more generic PRTs, and the CAM tool to handle the new combinations that
services and PRTs afford (see Figure 19).
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Figure 19: A simple UML diagram for the GRAPPLE shell.

Figure 20: The GRAPPLE "shell" for adaptive simulations.
To produce an adaptive simulation, there are three distinct stages. Firstly, an author creates an adaptive
simulation at author-time using the authoring tools described here. The adaptive simulation is then published
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at publish-time. This involves the translation of the adaptive simulation into a form that can be executed by
an adaptive engine. The output of this stage is GAL code. The GRAPPLE shells will provide a “publish”
function. Finally, the adaptive simulation is executed at run-time by an adaptive engine. An author can
maintain or modify an adaptive simulation by re-entering the authoring tools; changes are propagated

through publish-time to the form that is executed at run-time to update the adaptive simulation on the fly.

6.1 The Data Models and Services

In Figure 18 we illustrate four services that access a variety of data models: the RM service, the DM service,
the PRT service, and the persistence service. Each service provides a uniform interface to the arbitrary
number of repositories that the authoring tool set can connect to. Each service manages the connections to
the remote repositories. If, for example, an author drags a concept from a CDM into the workspace, the tool
adds an entry in the AM specifying a link to this concept. The DM Service provides the list of available
repositories of CDMs and SDMs and retrieves a link to the appropriate concept. The AM is the model behind
the workspace. As the author is composing an adaptive simulation, he is creating and manipulating the AM.
The AM is in XML format (see deliverable D3.3a) but is represented in the authoring tool set in both XML and
graphical forms (see Section 6.2).

The RM Service has a special ability to cache resources from the resource repositories. This allows an
adaptive simulation to rely on resources even if they become unavailable in the future.

The RM, DM, and PRT Services all cater for versioning. Each RM, CDM, SDM, and PRT has a version
number in the form of X.Y where X and Y are two positive integers. When an artefact is created it is assigned
version 1.0. Each time the artefact is modified but its external interface (e.g. name, number of parameters,
etc.) remains the same, the Y is incremented. Each time the artefact is modified and its external interface
changes, the X is incremented and Y is reset to zero. When an author adds an artefact to an adaptive
simulation, the version number is recorded. When publishing the adaptive simulation, the same version is
used unless the author chooses to upgrade to a new version. If the version numbers differ only in Y, this can
be done automatically. However, if they differ in X the author may have to make changes to the AM.

The Persistence Service compensates for an RIA’s inability to save files to the user’s local file-system. Each
user can save or retrieve their adaptive simulations (AMs) using this service. Simple authentication and
sharing privileges (public or private) apply. When an author publishes an adaptive simulation, the published
file (GAL code) is again saved using this service and made available for the adaptive engine. At this stage,
the delivery infrastructure (see deliverable D4.1a) makes the adaptive simulation available to the learners.

6.2 The Graph-Based Workspace

The authoring tool set for adaptive simulations provides a graph-based workspace that gathers together
elements from heterogeneous data models (RM, DM, etc.) into a single model (AM) and establishes
relationships between them. This graphical representation provides an intuitive and author-friendly way of
creating and manipulating an AM. This same approach as been used in other tools, for example, the Maven
plug-in for the Eclipse software development platform (see Figure 21). The tabs at the bottom of this
interface provide different representations of the same entity (XML, forms-based, and a graphical
representation). Figure 17 shows an example workspace taken from the scenario in Section 5.2.
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Figure 21: The “m2eclipse” plug-in provides XML, forms-based, and graphical-based views of the same files.

The workspace also provides, at author-time, simple validity checks for the adaptive simulation. Pre- and
post-conditions can be checked before and after each author action respectively. For example, consider a
special type of PRT that represents a prerequisite relationship that is mandatory and the only possible
prerequisite for a given concept, e.g. in the context of programming language theory, we want to specify that
the concept singlelnheritance is the one and only prerequisite for the concept

multiplelnheritance . Then the PRT can include, as part of its definition, the pre-condition that any
target concept it is attached to must have in-degree equal to zero, i.e. it must have no previous prerequisites,
and the post-condition that any target concept it is attached too much have in-degree equal to one, i.e. no
more requisites can be attached to this concept. Before the PRT is added the pre-condition must hold and
after each further author action the post-condition must hold. The authoring environment enforces these
conditions to ensure that the adaptive simulation or AM “makes sense”. Furthermore, automatic reachability
tests can ensure that all parts of an adaptive simulation are reachable, i.e. there is no part of the course that
a learner could never reach.

7 Conclusions

In this deliverable we have outlined the design of the authoring tool set for adaptive simulations. Within the
GRAPPLE project, adaptive simulations are a novel extension of traditional adaptive hypermedia to an
activity and service-based learning environment. The focus is no longer on content alone, but a mixture of
content and services. The provision of services and the specification of workflow between those services
require an enhanced authoring tool set. Nonetheless, the tool set follows the general architecture and vision
outlined in deliverables D3.1a, D3.2a, and D3.3a for adaptive non-simulated learning environments. It
divides the authoring artefacts into domain models (including a CDM and SDM), pedagogical relationship
types (CRTs, SRTs, and CSRTSs), and the adaptation model. The tool set has specific functionality for each.
An author can create and manipulate a domain model, create and modify pedagogical relationships and their
adaptive behaviour, and mix them together in the adaptation model.
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As far as the author is concerned, the adaptation model is a graph-based workspace that can combine
together elements from heterogeneous models to build a complete adaptive simulation. The elements are
those with which an author is most familiar with, e.g. concepts with pedagogical attributes, pedagogical
relationships (e.g. prerequisite), a description of the workflow within a simulation, etc. The graph-based
representation is also reminiscent of the interface provided by authoring tools in other domains, e.g. UML
and BPM editors. We believe that this will be intuitive to the authors and hide much of the underlying
complexity. Work Package 8 will evaluate the user interface at a later stage in the project.

We also discussed the relevance of simulations, and in particular adaptive simulations, to learning
environments. Richard E. Mayer from the University of California recently reported in an article entitled
“Predictions for 2009” in ACM’s eLearn Magazine (http://www.elearnmag.org) that “researchers will continue
to make progress in discovering evidence-based principles for the design of e-learning, including new
applications of the science of learning to educational games, simulations, and pedagogical agents.”

We distinguished between simulations and VR since the latter is a separate component within the GRAPPLE
project. We gathered together a list of definitions regarding adaptive simulations that will be used throughout
the related deliverables (D3.5b, D3.5c, D4.1a, and D4.1b). It will be included in those as an annex. We have
extended the requirements of the GRAPPLE data models and tool set for adaptive non-simulated learning
environments to cater for adaptive simulations. In particular, we enumerated new adaptive features (what we
can adapt) that are simulation-specific, e.g. fidelity, modality, feedback, and motivators.

This deliverable, in conjunction with D4.1a (Design of the Infrastructure for the Adaptive Delivery of
Simulations), provide the direction and design for the first implementation phase of the adaptive simulations
component. The future deliverables D3.5b (Initial Implementation of the Adaptive Simulation Authoring Tool)
and D4.1b (Implementation of the Infrastructure for the Adaptive Delivery of Simulations) will report on this
work. The two scenarios — the peer review process and the Scrum software development methodology —
provide initial targets for the implementation. It should be possible for an author to create adaptive
simulations based on these two scenarios using the tool set. At present we are experimenting and beginning
work with the following toolkits and technologies: We are using Google’s Web Toolkit (GWT) for the
GRAPPLE shell and Adobe Flex for the graph-based authoring tool. We are using portlets, brokered through
the WSRP Specification [69] to deliver services and WS-BPEL [68] to specify the workflow between the
services. We are using Apache Tomcat, Apache Axis2, and MySQL on the server-side to host the data
models and the RM, DM, PRT, and Persistence services (see Figure 18). This combination of technologies
will provide a flexible, browser-based authoring tool set that will enable teachers and authors to create,
maintain and store adaptive simulations.
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Annexes

A COMMON XML SCHEMA ...t e eeaaaan ERROR! BOOKMARK NOT DEFINED.
B XML SCHEMA FOR THE DOMAIN MODEL........cccooeevevn e, ERROR! BOOKMARK NOT DEFINED.
C XML SCHEMA FOR THE PEDAGOGICAL RELATIONSHIP TYPE .. ............ ERROR! BOOKMARK NOT
DEFINED.

D XML SCHEMA FOR THE ADAPTATION MODEL ........ccccee. vevene.e. ERROR! BOOKMARK NOT DEFINED.
E EXAMPLE XML FILE FOR THE DOMAIN MODEL.............. ......... ERROR! BOOKMARK NOT DEFINED.

F EXAMPLE XML FILE FOR THE PEDAGOGICAL RELATIONSHIP T YPE....ERROR! BOOKMARK NOT
DEFINED.

G EXAMPLE XML FILE FOR THE ADAPTATION MODEL ......... .... ERROR! BOOKMARK NOT DEFINED.
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A Common XML Schema

<?xml version ="1.0" encoding ="UTF-8" ?>
<xs:schema xmins:xs ="http://www.w3.0rg/2001/XMLSchema"

targetNamespace ="http://www.grapple-project.org" xmins ="http://www.grapple-
project.org”
elementFormDefault  ="qualified" attributeFormDefault ="unqualified" >

<I-- GUIDType -->
<xs:simpleType name="GUIDType" >

<xs:restriction base ="xs:string" >
<xs:pattern
value ="[a-z\d|{8}\-[a-z\d]{4}\-[a-z\d[{4}\-[a-z\d|{4}\-[a -z\d[{12}" />
</ xs:restriction >

</ xs:simpleType >

<I-- nameType -->
<xs:simpleType name="nameType" >

<xs:restriction base ="xs:string" >
<xs:maxLength  value ="32" />
</ xs:restriction >

</ xs:simpleType >

<l-- descriptionType -->

<xs:simpleType name="descriptionType" >
<xs:restriction base ="xs:string" >
<xs:maxLength  value ="256" />
</ xs:restriction >

</ xs:simpleType >

<l-- keywordsType -->
<xs:complexType name="keywordsType" >
<xs:sequence >
<xs:element  name="keyword" minOccurs ="0" maxOccurs ="unbounded" >
<xs:simpleType >

<xs:restriction base ="xs:string" >
<xs:maxLength  value ="32" />
</ xs:restriction >

</ xs:simpleType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >

<l-- versionType -->
<xs:complexType  name="versionType" >
<xs:sequence >
<xs:element  name="major" type ="xs:positivelnteger" />
<xs:element  name="minor" type ="xs:nonNegativelnteger" />
</ xs:sequence >
</ xs:complexType >

<l-- permissionsType -->
<xs:complexType  name="permissionsType" >
<xs:sequence >
<xs:element name="user" >
<xs:complexType >
<xs:sequence >

<xs:element  name="read" type ="xs:boolean" />
<xs:element  name="write" type ="xs:boolean" />
<xs:element  name="publish" type ="xs:boolean" />

</ xs:sequence >
</ xs:complexType >

Design of an Adaptive Simulation Authoring Tool Page 40 (52)



.‘-:‘-',?A“E‘-E‘.E -
UK PPLE

D3.5a - Design of an Adaptive Simulation Authoring Tool (v1.0), 31-01-09

</ xs:element >

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

<xs:element  name="read" type ="xs:boolean" />
<xs:element  name="write" type ="xs:boolean" />
<xs:element  name="publish" type ="xs:boolean" />

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

<xs:element  name="read" type ="xs:boolean" />
<xs:element  name="write" type ="xs:boolean" />
<xs:element  name="publish" type ="xs:boolean" />

</ xs:sequence >
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >

<!l-- pedagogicalAttributesType -->

<xs:complexType name="pedagogicalAttributesType" >
<xs:sequence >
<xs:element  name="difficulty" >
<xs:simpleType >
<xs:restriction base ="xs:string" >
<xs:pattern value ="beginner|intermediate|advanced" />
</ xs:restriction >

</ xs:simpleType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >
</ xs:schema >

B XML Schema for the Domain Model

<?xml version ="1.0" encoding ="UTF-8" ?>
<xs:schema xmins:xs ="http://www.w3.0rg/2001/XMLSchema"

targetNamespace ="http://www.grapple-project.org" xmins ="http://www.grapple-
project.org"
elementFormDefault  ="qualified" attributeFormDefault ="unqualified" >

<xs:include schemalocation ="grapple_common.xsd" />

<l-- entitiesType -->

<xs:complexType name="entitiesType" >
<xs:sequence >
<xs:element  name="entity" minOccurs ="0" maxOccurs ="unbounded" >

<xs:complexType >
<xs:sequence >

<xs:element  name="identifier" type ="GUIDType" />
<xs:element name="name" type ="nameType" />
<xs:element  name="description" type ="descriptionType" />

<xs:element  name="keywords" type ="keywordsType" />
<xs:element  name="resources" >
<xs:complexType >
<xs:sequence >
<xs:element  name="resource" minOccurs ="1"
maxOccurs ="unbounded" >
<xs:complexType >
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<xs:element  name="identifier" type ="GUIDType" />
<xs:element  name="pedagogicalAttributes"
type ="pedagogicalAttributesType" />

</ xs:sequence >
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >
</ xs:element >
</ xs:sequence >

<xs:attribute name="type" use="required" >
<xs:simpleType >
<xs:restriction base ="xs:string" >
<xs:pattern value ="concept|service" />
</ xs:restriction >
</ xs:simpleType >
</ xs:attribute >

</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >

<l-- relationshipsTypesType -->

<xs:complexType  name="relationshipTypesType" >
<xs:.sequence >
<xs:element  name="relationshipType" minOccurs ="0"

maxOccurs ="unbounded" >
<xs:complexType >
<xs:sequence >
<xs:element  name="identifier" type ="GUIDType" />
<xs:element  name="label" type ="nameType" />
<xs:element  name="endpoints" >
<xs:complexType >
<xs:sequence >

<xs:element  name="tails" type ="xs:nonNegativelnteger" />
<xs:element  name="heads" type ="xs:nonNegativelnteger" />
<xs:element  name="both" type ="xs:nonNegativelnteger" />

</ xs:sequence >
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >

<l-- relationshipsType -->

<xs:complexType name="relationshipsType" >
<xs:sequence >
<xs:element  name="relationship" minOccurs ="0" maxOccurs ="unbounded" >

<xs:complexType >
<xs:sequence >
<xs:element  name="identifier" type ="GUIDType" />
<xs:element  name="type" type ="GUIDType" />
<xs:element  name="endpoints" >
<xs:complexType >
<xs:sequence >
<xs:element  name="tails" >
<xs:complexType >
<xs:sequence >
<xs:element  name="endpoint" type ="GUIDType"
minOccurs ="0" maxOccurs ="unbounded" />
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</ xs:sequence >
</ xs:complexType >
</ xs:element >
<xs:element  name="heads" >
<xs:complexType >
<xs:sequence >
<xs:element  name="endpoint" type ="GUIDType"
minOccurs ="0" maxOccurs ="unbounded" />
</ xs:sequence >
</ xs:complexType >
</ xs:element >
<xs:element name="both" >
<xs:complexType >
<xs:sequence >
<xs:element  name="endpoint" type ="GUIDType"
minOccurs ="0" maxOccurs ="unbounded" />
</ xs:sequence >
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >

<!-- grappleDM -->
<xs:element  name="grappleDM" >
<xs:complexType >
<xs:sequence >
<xs:element  name="identifier" type ="GUIDType" />
<xs:element  name="author" type ="GUIDType" />
<xs:element name="name" type ="nameType" />

<xs:element  name="description" type ="descriptionType" />

<xs:element = name="keywords" type ="keywordsType" />

<xs:element  name="version" type ="versionType" />

<xs:element  name="created" type ="xs:dateTime" />

<xs:element  name="lastUpdated" type ="xs:dateTime" />

<xs:element = name="permissions" type ="permissionsType" />

<xs:element  name="entities" type ="entitiesType" />

<xs:element  name="relationshipTypes" type ="relationshipTypesType" />
<xs:element  name="relationships" type ="relationshipsType" />

</ xs:sequence >
</ xs:complexType >
</ xs:element >
</ xs:schema >

C XML Schema for the Pedagogical Relationship Type

<?xml version ="1.0" encoding ="UTF-8" ?>
<xs:schema xmins:xs ="http://www.w3.0rg/2001/XMLSchema"

targetNamespace ="http://www.grapple-project.org" xmins ="http://www.grapple-
project.org”
elementFormDefault  ="qualified" attributeFormDefault ="unqualified" >

<xs:include schemalocation ="grapple_common.xsd" />
<I-- parametersType -->

<xs:complexType name="parametersType" >
<xs:sequence >
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<xs:element  name="tails" >
<xs:complexType >
<xs:sequence >
<xs:element  name="parameter" minOccurs ="0" maxOccurs ="unbounded" >
<xs:complexType >
<xs:simpleContent >
<xs:extension base ="xs:string" >
<xs:attribute name="identifier" use ="required"
type ="GUIDType" />
<xs:attribute name="mandatory" use ="required"
type ="xs:boolean" />
</ xs:extension >
</ xs:simpleContent >
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >
</ xs:element >
<xs:element = name="heads" >
<xs:complexType >
<xs:sequence >
<xs:element  name="parameter" minOccurs ="0" maxOccurs ="unbounded" >
<xs:complexType >
<xs:simpleContent >
<xs:extension base ="xs:string" >
<xs:attribute name="identifier" use ="required"
type ="GUIDType" />
<xs:attribute name="mandatory"  use ="required"
type ="xs:boolean" />
</ xs:extension >
</ xs:simpleContent >
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >
</ xs:element >
<xs:element  name="both" >
<xs:complexType >
<xs:sequence >
<xs:element  name="parameter" minOccurs ="0" maxOccurs ="unbounded" >
<xs:complexType >
<xs:simpleContent >
<xs:extension base ="xs:string" >
<xs:attribute name="identifier" use ="required"
type ="GUIDType" />
<xs:attribute name="mandatory" use ="required"
type ="xs:boolean" />
</ xs:extension >
</ xs:simpleContent >
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >

<!l-- preConstraintsType -->

<xs:complexType name="preConstraintsType" >
<xs:sequence >
<xs:element  name="preConstraint" >

<xs:complexType >
<xs:choice >
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<xs:element = name="minDegree" >
<xs:complexType >
<xs:simpleContent >
<xs:extension base ="xs:nonNegativelnteger" >
<xs:attribute name="parameter" use ="required"
type ="GUIDType" />
</ xs:extension >
</ xs:simpleContent >
</ xs:complexType >
</ xs:element >
<xs:element name="maxDegree" >
<xs:complexType >
<xs:simpleContent >
<xs:extension base ="xs:nonNegativelnteger" >
<xs:attribute name="parameter" use ="required"
type ="GUIDType" />
</ xs:extension >
</ xs:simpleContent >
</ xs:complexType >
</ xs:element >
</ xs:choice >
<xs:attribute name="identifier" use ="required" type ="GUIDType" />
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >

<!-- postConstraintsType -->

<xs:complexType  name="postConstraintsType" >
<xs:sequence >
<xs:element  name="postConstraint" >

<xs:complexType >
<xs:choice >
<xs:element  name="minDegree" >
<xs:complexType >
<xs:simpleContent >
<xs:extension base ="xs:nonNegativelnteger" >
<xs:attribute name="parameter" use ="required"
type ="GUIDType" />
</ xs:extension >
</ xs:simpleContent >
</ xs:complexType >
</ xs:element >
<xs:element name="maxDegree" >
<xs:complexType >
<xs:simpleContent >
<xs:extension base ="xs:nonNegativelnteger" >
<xs:attribute name="parameter" use ="required"
type ="GUIDType" />
</ xs:extension >
</ xs:simpleContent >
</ xs:complexType >
</ xs:element >
</ xs:choice >
<xs:attribute name="identifier" use ="required" type ="GUIDType" />
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >

<l-- inferencesType -->

<xs:complexType name="inferencesType" >
<xs:sequence >
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<xs:element  name="inference" >
<xs:complexType >
<xs:choice >
<xs:element  name="relationshipType" type ="xs:string" />
<xs:element  name="relationshipTypeldentifier" type ="GUIDType" />
</ xs:choice >
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >

<l-- galType -->
<xs:simpleType name="galType" >
<xs:restriction base ="xs:string" >
<xs:maxLength  value ="1024" />
</ xs:restriction >

</ xs:simpleType >

<l-- grapplePRT -->
<xs:element  name="grapplePRT" >
<xs:complexType >
<xs:sequence >
<xs:element  name="identifier" type ="GUIDType" />
<xs:element  name="author" type ="GUIDType" />
<xs:element  name="name" type ="nameType" />

<xs:element  name="description" type ="descriptionType" />
<xs:element  name="keywords" type ="keywordsType" />

<xs:element  name="version" type ="versionType" />

<xs:element  name="created" type ="xs:dateTime" />

<xs:element  name="lastUpdated" type ="xs:dateTime" />

<xs:element  name="permissions" type ="permissionsType" />
<xs:element name="parameters" type ="parametersType" />
<xs:element  name="preConstraints" type ="preConstraintsType" />
<xs:element  name="postConstraints" type ="postConstraintsType" />
<xs:element  name="inferences" type ="inferencesType" />

<xs:element  name="GAL" type ="galType" />
</ xs:sequence >
</ xs:complexType >
</ xs:element >
</ xs:schema >

D XML Schema for the Adaptation Model

<?xml version ="1.0" encoding ="UTF-8" ?>
<xs:schema xmins:xs ="http://www.w3.0rg/2001/XMLSchema"

targetNamespace ="http://www.grapple-project.org" xmins ="http://www.grapple-
project.org”
elementFormDefault  ="qualified" attributeFormDefault ="unqualified" >

<xs:include schemalocation ="grapple_common.xsd" />

<l-- entitiesType -->

<xs:complexType  name="entitiesType" >
<xs:sequence >
<xs:element  name="entity" minOccurs ="0" maxOccurs ="unbounded" >

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

type ="pedagogicalAttributesType" />
</ xs:sequence >
<xs:attribute name="identifier" use ="required" type ="GUIDType" />
<xs:attribute name="majorVersion" use ="required"
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type ="xs:positivelnteger" />
<xs:attribute name="minorVersion" use ="required"
type ="xs:nonNegativelnteger" />

</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >

<xs:complexType  name="relationshipsType" >
<xs:sequence >
<xs:element  name="relationship" >

<xs:complexType >
<xs:sequence >
<xs:element  name="entitiesToParameters" >
<xs:complexType >
<xs:sequence >
<xs:element  name="entityToParameter" minOccurs ="0"
maxOccurs ="unbounded" >
<xs:complexType >
<xs:sequence >
<xs:element  name="entity" type ="GUIDType" />
<xs:element  name="parameter" type ="GUIDType" />
</ xs:sequence >
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >
</ xs:element >
</ xs:sequence >

<xs:attribute name="identifier" use ="required" type ="GUIDType" />
<xs:attribute name="majorVersion" use ="required"

type ="xs:positivelnteger"” />
<xs:attribute name="minorVersion" use ="required"

type ="xs:nonNegativelnteger" />

</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >

<l-- grappleAM -->
<xs:element  name="grappleAM" >
<xs:complexType >
<xs:sequence >
<xs:element  name="identifier" type ="GUIDType" />
<xs:element  name="author" type ="GUIDType" />
<xs:element name="name" type ="nameType" />

<xs:element  name="description" type ="descriptionType" />
<xs:element  name="keywords" type ="keywordsType" />
<xs:element  name="version" type ="versionType" />

<xs:element = name="created" type ="xs:dateTime" />

<xs:element  name="lastUpdated" type ="xs:dateTime" />
<xs:element  name="permissions" type ="permissionsType" />
<xs:element  name="entities" type ="entitiesType" />
<xs:element  name="relationships" type ="relationshipsType" />

</ xs:sequence >
</ xs:complexType >
</ xs:element >
</ xs:schema >

E Example XML file for the Domain Model

<?xml version ="1.0" encoding ="UTF-8" ?>
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<grappleDM xmins ="http://www.grapple-project.org"
xmins:xsi  ="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation ="http://www.grapple-project.org
..I../schemas/grapple_dm.xsd" >

<!-- general information -->
<identifier >515f80b9-3ef0-4811-b531-294924a642a2 </ identifier >
<author >27214759-3a23-41d5-84f8-bddd419483de </ author >
<name>Scrum DM</ name>
<description ~ >This is a Scrum DM. </ description >
<keywords >
<keyword >scrum </ keyword >
</ keywords >
<version >
<major >1</ major >
<minor >5</ minor >
</ version >
<created >2009-01-01T12:00:00Z </ created >
<lastUpdated >2009-01-15T15:30:00Z </ lastUpdated >

<l-- permissions -->
<permissions >
<user >
<read >true </read >
<write >true </ write >
<publish >true </ publish >
</ user >
<group >
<read >true </read >
<write >true </ write >
<publish >true </ publish >
</ group >
<world >
<read >true </read >
<write >true </ write >
<publish >true </ publish >
</ world >
</ permissions >

<l-- entities -->
<entities >
<entity  type ="concept" >

<identifier >cf5de7f5-12b5-4720-92e5-736cac59985b </ identifier >
<name>Scrum Meeting </ name>
<description  >This is the concept of a Scrum Meeting. </ description

<keywords >
<keyword >scrum </ keyword >
<keyword >meeting </ keyword >
</ keywords >
<resources >
<resource >

<identifier >3196d7ad-21f9-4af9-866f-d2c7269a8857 </ identifier
<pedagogicalAttributes >

<difficulty >beginner </ difficulty >
</ pedagogicalAttributes >

</ resource >
<resource >

<identifier >266c9ece-e1d0-443b-8457-454587acffle </ identifier
<pedagogicalAttributes >

<difficulty >intermediate </ difficulty >
</ pedagogicalAttributes >

</ resource >
<resource >
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<identifier >843919e9-5h31-4392-841d-274df1b2e980 </ identifier

<pedagogicalAttributes >
<difficulty >advanced </ difficulty >
</ pedagogicalAttributes >

</ resource >
</ resources >

</ entity >

<entity  type ="service" >
<identifier >dae895ee-493e-4bfa-85e7-7€19957d2d7¢c </ identifier >
<name>Scrum Meeting </ name>
<description  >This is the service of a Scrum Meeting. </ description

<keywords >
<keyword >scrum </ keyword >
<keyword >meeting </ keyword >
</ keywords >
<resources >
<resource >

<identifier >332da5fd-40bb-47ec-9cd2-502f09601d29 </ identifier
<pedagogicalAttributes >

<difficulty >beginner </ difficulty >
</ pedagogicalAttributes >

</ resource >
<resource >

<identifier >eabdeOa7-43c2-4936-b9f4-3e928710485d </ identifier
<pedagogicalAttributes >

<difficulty >intermediate </ difficulty >
</ pedagogicalAttributes >

</ resource >
<resource >

<identifier >65126d0e-a547-453c-8422-6bb5f1035e64 </ identifier
<pedagogicalAttributes >

<difficulty >advanced </ difficulty >
</ pedagogicalAttributes >

</ resource >

</ resources >
</ entity >
</ entities >

<l-- relationship types -->

<relationshipTypes >
<relationshipType >
<identifier >13d83413-b6c5-4bda-alc8-f5c65c617824 </ identifier >

<label >is-a </label >

<endpoints >
<tails >1</tails >
<heads >1</ heads >
<both >0</ both >

</ endpoints >

</ relationshipType >
<relationshipType >
<identifier >a6781714-fce8-4af6-9d45-4b97a7356a6b </ identifier >

<label >has-a </ label >
<endpoints >
<tails >1</tails >
<heads >1</ heads >
<both >0</ both >
</ endpoints >
</ relationshipType >
<relationshipType >
<identifier >bb69652e-efdc  -406e-8021-bd4c50369ecc </ identifier >
<label >implements-a </ label >
<endpoints >
<tails >1</tails >
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<heads >1</ heads >
<both >0</ both >
</ endpoints >
</ relationshipType >
</ relationshipTypes >

<l-- relationships -->
<relationships >
<relationship >

<identifier >7857d980-adf1-4d88-a136-df6fd513a48b </ identifier

<type >bb69652e-efdc -406e-8021-bd4c50369ecc </ type >
<endpoints >
<tails >

<endpoint >dae895ee-493e-4bfa-85e7-7e19957d2d7c </ endpoint >

</ tails >
<heads >

<endpoint >cf5de7{5-12b5-4720-92e5-736cac59985b </ endpoint

</ heads >
<both />
</ endpoints >
</ relationship >
</ relationships >
</ grappleDM >

F Example XML file for the Pedagogical Relationship

<?xml version ="1.0" encoding ="UTF-8" ?>
<grapplePRT xmlns ="http://www.grapple-project.org"
xmlns:xsi  ="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation ="http://www.grapple-project.org
..I../schemas/grapple_prt.xsd" >

<!-- general information -->
<identifier >e4f90979-ae32-4c9c-b1f2-4f316228f05f </ identifier
<author >27214759-3a23-41d5-84f8-bddd419483de </ author >
<name>Scrum PRT </ name>
<description ~ >This is a Scrum PRT. </ description >
<keywords >
<keyword >scrum </ keyword >
</ keywords >
<version >
<major >2</ major >
<minor >0</ minor >
</ version >
<created >2009-01-01T12:00:00Z </ created >
<lastUpdated >2009-01-15T15:30:00Z </ lastUpdated >

<l-- permissions -->
<permissions >
<user >
<read >true </read >
<write >true </ write >
<publish >true </ publish >
</ user >
<group >
<read >true </read >
<write >true </ write >
<publish >true </ publish >
</ group >
<world >
<read >true </read >
<write >true </ write >
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<publish >true </ publish >
</ world >
</ permissions >

<!-- parameters -->
<parameters >
<tails >
<parameter identifier ="4b5ce398-fd05-4900-88e8-7f3172ec7fa3"
mandatory ="true" >parameter_1 </ parameter >
</ tails >
<heads >
<parameter identifier ="58aae491-344c-4c17-9400-dfdd063aal0b4"
mandatory ="true" >parameter_2 </ parameter >
</ heads >
<both >
</ both >
</ parameters >

<l-- pre__ -constraints -->
<preConstraints >
<preConstraint identifier ="e4de9a8f-49e2-4852-9ced-6b6edecald64”
<minDegree parameter ="58aae491-344c-4c17-9400-dfdd063aa0b4"
</ preConstraint >
</ preConstraints >

<!-- post-constraints -->
<postConstraints >
<postConstraint identifier ="69b41e75-bda4-4063-8884-fc256fbdccl3"
<maxDegree parameter ="58aae491-344c-4c17-9400-dfdd063aa0b4"
</ postConstraint >
</ postConstraints >

<!-- inferences -->
<inferences >
<inference >
<relationshipType >implements-a </ relationshipType >
</ inference >
</ inferences >

<I-- GAL -->
<GAL>
<I[CDATA[
GAL code goes here!
11>
</ GAL>
</ grapplePRT >

G Example XML file for the Adaptation Model

<?xml version ="1.0" encoding ="UTF-8" ?>
<grappleAM xmins ="http://www.grapple-project.org"
xmlns:xsi  ="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation ="http://www.grapple-project.org
..I..Ischemas/grapple_am.xsd" >

<!-- general information -->
<identifier >24990964-1bb8-48f0-b9fc-5ede90193c9b </ identifier >
<author >27214759-3a23-41d5-84f8-bddd419483de </ author >
<name>Scrum AM</ name>
<description >This is a Scrum AM. </ description >
<keywords >

<keyword >scrum </ keyword >
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</ keywords >
<version >
<major >1</ major >
<minor >5</ minor >
</ version >
<created >2009-01-01T12:00:00Z </ created >
<lastUpdated >2009-01-15T15:30:00Z </ lastUpdated >

<!l-- permissions -->
<permissions >
<user >
<read >true </read >
<write >true </ write >
<publish >true </ publish >
</ user >
<group >
<read >true </read >
<write >true </ write >
<publish >true </ publish >
</ group >
<world >
<read >true </read >
<write >true </ write >
<publish >true </ publish >
</ world >
</ permissions >

<!-- entities -->
<entities >

<entity  identifier ="cf5de7f5-12b5-4720-92e5-736cac59985b" majorVersion ="1"
minorVersion ="5" >
<pedagogicalAttributes >
<difficulty >intermediate </ difficulty >
</ pedagogicalAttributes >
</ entity >
<entity  identifier ="dae895ee-493e-4bfa-85e7-7€19957d2d7c" majorVersion ="1"
minorVersion ="5" >
<pedagogicalAttributes >
<difficulty >intermediate </ difficulty >
</ pedagogicalAttributes >
</ entity >

</ entities >

<l-- relationships -->

<relationships >
<relationship identifier ="e4f90979-ae32-4c9c-b1f2-4f316228f05f"
majorVersion ="2"  minorVersion ="0" >
<entitiesToParameters >
<entityToParameter >
<entity >cf5de7f5-12b5-4720-92e5-736cac59985b </ entity >
<parameter >58aae491-344c-4c17-9400-dfdd063aa0b4 </ parameter >

</ entityToParameter >
<entityToParameter >

<entity >dae895ee-493e-4bfa-85e7-7€19957d2d7c </ entity >
<parameter >cf5de7f5-12b5-4720-92e5-736cac59985b </ parameter >
</ entityToParameter >
</ entitiesToParameters >

</ relationship >
</ relationships >
</ grappleAM >
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