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Department of Electronics and Computer Science
University of Santiago de Compostela, Spain

{juan.vidal,manuel.lama,alberto.bugarin.diz}@usc.es

Abstract. A way of describing the teaching, learning interactions and
activities is through Educational Modeling Languages. These languages
are formalized so an interpreter can automatically coordinate the ac-
tivities. However, like for example IMS LD, these languages are usually
difficult to understand causing that instructors do not always understand
the way the designed unit of learning is coordinated. In this paper we
present a graphical notation that simplifies the authoring process of new
and preexisting units of learning specified in IMS Learning Design. The
graphical notation extends the YAWL language and approach the de-
sign of units of learning through a set of patterns distributed in three
hierarchical layer.

Keywords: Adaptive Learning, Visual Language, Learning Design,
Workflows, Petri nets.

1 Introduction

In recent years, a significant effort has been invested in the definition of Educa-
tional Modelling Languages (EMLs) to facilitate the design of a course from a
pedagogic point of view. One of the results was the IMS Learning Design (IMS
LD) specification [1] that has emerged as the de facto standard for the rep-
resentation of learning designs. From the authoring point of view, IMS LD is
structurally complex and designers have difficulties to create and understand
their units of learning. To deal with this issue an important effort has been de-
voted to the definition of visual languages that facilitate instructors the design
of their units of learning (UoL) [2,3,4,5,6].

From these approaches those that represent the learning flow of IMS LD
like a workflow are particularly interesting. These approaches usually coordinate
the learning activities by means of a set of workflow-based control structures
[7,8,9] with the aim of abstracting the edition of an IMS LD unit of learning.
However, these approaches fail in not considering the learning flow of the IMS LD
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specification like a hierarchical workflow, which is composed of a set of layers: the
first layer is related to the method structure (that is, the plays); the second layer
defines the acts that represent each of the plays; and the last layer models the
coordination of the learning activities. With this approach, the one we followed
in this paper, the creation of IMS LD units of learning consist in building a
complex model from simple workflows, facilitating to users a complete view of
the learning flow of a UoL.

In this paper we present a graphical user interface that provides an alternative
to the design of UoLs that follow the IMS LD specification. In this GUI we
address the design of UoLs through a visual model that has two objectives. On
the one hand, we pretend to simplify the creation of UoLs through a set of visual
patterns with a limited interaction with the user. Visual languages provide an
important advantage over text-based: they are more legible. For example, it is
much easier to understand a course described by a visual language than a course
specified in the XML format of IMS LD.

On the other hand, we want to give to instructors a complete view of the struc-
tural characteristics of the course they are defining. Thus, the main workspace
of the GUI shows the whole view of the IMS LD learning flow of a UoL. One
of the main problems of IMS LD is its difficult interpretation: instructors must
be experts in IMS LD to design a course. This is due to the complex struc-
ture (based on the theater metaphor) that IMS LD implements to coordinate
students with the activities they must perform, which is not always well under-
stood by instructors. For this reason, a visual representation is a major help to
understand how the course is from a structural point of view.

Taking into account that a UoL can be viewed as a flow of learning where
students and instructors coordinate the activities they have to perform, in [10]
we presented OPENET4LD, a Petri nets-based player for UoLs specified in IMS
LD. Petri nets are one of the most popular languages for modelling workflows
[11,12] because they are a mathematical formalism and, furthermore, they have
a graphical representation. They are also a very expressive language that can
represent most of the workflow patterns that exist today [13]. However, as seen
in [10], models constructed by these networks can become large and quite com-
plex to understand. Since one of our goals is to facilitate the design of UoLs by
people without experience in the modelling of workflows, we decided to use a
language with a simpler visual syntax than the one provided by Petri nets. The
language chosen was YAWL (Yet Another Workflow Language) [14], an exten-
sion of the Petri nets language, which provides a bunch of new connectors that
represent the typical control structures of workflows. For example, it provides
specific structures for selecting, splitting, synchronizing or merging of the exe-
cution thread. In a certain sense, the relationship of YAWL with Petri nets is
the same as the one defined between third-generation programming languages
with assembly languages, that is, they provide a higher level of abstraction that
hides complexity to the designer.

Based on the syntax defined by YAWL, in this article we will describe the
visual models we use to represent IMS LD and its mappings with the models



Simplified Workflow Representation of IMS Learning Design 535

of Petri nets defined in OPENET4LD, which ultimately will confer them their
operational semantics. Finally, we will describe the implementation of the GUI
and how is its integration with OPENET4LD.

2 Visual Model for the Representation of Units of
Learning

In this section we detail the visual models that simplifies the way in which
instructors design their UoLs based on the IMS LD specification. These models
or patterns are described using the visual syntax of YAWL, combined with the
properties of hierarchical nets, to so facilitate their representation. Unlike Petri
net-based models of OPENET4LD, that represent the complete execution of the
UoL, the models described in this section are focused only on the structural
properties of IMS LD. In this sense, the simpler the visual model, the easier to
use. Therefore, our visual models will not control how to stop, suspend or resume
the methods, plays, acts or activities of IMS LD. These details will be transparent
to users and, as we will discuss in Section 3, will be provided automatically by
OPENET4LD.

The model we present in this section is structured in a hierarchy of three
layers. The first layer deals with methods modeling, the second with plays, while
the third applies to the execution entities, that is, to activities, structure of activ-
ities, and units of learning. For each of these layers, we capture the operational
semantics of the element, such as it is defined by IMS LD, and transform it into
a YAWL model.

Finally, we must remark that in this article we only will describe the features
of our models for the level A of IMS LD. In this level, IMS LD defines methods,
plays, acts and activities, and the structural properties of these elements, which
is the purpose of this article. However, we also plan to offer level B support
through the GUI.

2.1 Representation of Methods

A method implies the execution of a set of plays, although some of these plays are
optional, and IMS LD does not impose any requirement on the way these plays
can be executed. Figure 1(a) introduces the pattern we use to capture the control
that the method establishes over its plays. In this example, the figure shows the
execution of three plays, although this model can be extended to represent the
parallel execution of n plays. We must emphasize several components of this
figure:

– A start place of the method. The circle with a triangle represents the point
where the method execution begins.

– A point where the execution of all the plays are parallelized. This point is
represented by the AND-SPLIT pattern of YAWL. However, the semantics
of this pattern is little different since the execution of the parallel structure
will not synchronize until the set of mandatory plays have been executed.
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Fig. 1. Example of the patterns for IMS LD representation. The pattern (a) controls
the parallel execution of plays, (b) the sequence of acts and (c) the execution of a role
part of an act.

– In the central part of the figure, rectangles represent the set plays to run in
parallel. The rectangles represent tasks in YAWL, which can be simple or
complex. In the case of this model, each play is a complex task that have an
internal structure (hidden in the model) defined by the acts of the play.

– A point where the execution of the plays is synchronized. This point is rep-
resented by the AND-JOIN pattern of YAWL.

– An end place of the method. The circle with a square represents the point
where the method finishes executing.

In order to facilitate the understanding of the model, we extended the visual
syntax of YAWL with a gray colored rectangle that identifies the plays of the
method whose execution is mandatory.

2.2 Representation of Plays

A play consists on an ordered execution of a set of acts. YAWL does not have a
specific pattern to represent sequences. In YAWL a sequence is established based
on the dependencies between the elements, where dependencies are determined
by the directed arcs between the visual elements. For example, Fig. 1(b) depicts
this structure with a sequence of three acts, where Act1 is the first task to be
performed and Act3 is the last one.
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As in the case of plays in the method model, acts are represented by means
of rectangles. These rectangles also represent complex tasks, although in this
case their internal behavior will coordinate the execution of the role-parts of the
act. Therefore, acts will be associated with a set of nets representing each of
the role-parts to be made, unlike the case of plays that were associated with a
unique net.

In addition we have extended the notation defined by YAWL to enable design-
ers to see if an act has a role-part: their shape is annotated with a R accompanied
by a number. For example, in Fig. 1(b) the Act1 act is annotated with R2 which
means that it is associated with two role-parts. In the case of acts 2 and 3,
the notation indicates that they have one and three role-parts, respectively. The
same applies with the environments associated with acts, although in this case
they are denoted by an E. Therefore, when an act has any environment its shape
is annotated with a E at the bottom left.

2.3 Representation of Role-Parts

The representation of a role-part is more complicated. In the case of methods
and plays the structure of the net is stable and varies only when a new element
is added to the model. For example, a new play in a method is just a new
parallel branch within the AND-split and AND-JOIN patterns. By contrast, the
design of a role-part does not have a fixed structure, its structure is defined by
combining:

– Sequence of activities. They are defined with a sequence structure, as we have
described in Section 2.2, but with the restriction that only simple activities,
selection of activities, and UoLs can be part of this sequence.

– Selection of activities. They are defined within a structure formed by an
OR-SPLIT and an OR-JOIN, although in our model both constructs take
a sightly different meaning: the execution thread remains in this structure
until a number of execution entities (selections, sequences, simple activities,
or UoLs) have been selected. The number of execution entities that must be
selected is represented as a number in the center of the OR-SPLIT/OR-JOIN
control construct.

– Simple activities. They are the leaves of our hierarchical model and do not
break down into simpler elements.

– Units of learning. They are represented as activities, through a rectangle,
but represent a complex task. In this case, the task will execute a method
model as we have described structure in Section 2.1.

An example of role-part is shown in Fig. 1(c) which represents a sequence of
five activities, where the third one is a selection of activities. This figure also
shows how different elements are combined, in this case one of the selection
of activities is made by a sequence of activities, a simple activity and another
selection of activities. As in the case of acts, environments may be associated
with activities, being denoted by an E in the bottom left of the rectangle.
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3 Hiding the Complexity of Our Visual Model

The visual model described in the previous section only shows part of the oper-
ational semantics that supports the execution of UoLs. Our visual model covers
only structural features of UoLs. For example, it only contemplates the coor-
dination of plays in a method, of the acts in a play, or of the role-parts in an
act. If we want to have a complete model it is necessary to complement the
visual model with other features more closely linked to the management of the
execution.

In this paper we complemented our model with the approach followed in
OPENET4LD. Behind OPENET4LD there is a set of Petri nets that support
the implementation of UoLs and also provide a set of features that facilitates the
management of methods, plays, events and activities. As a result, these items
can be suspended, resumed, or stopped, and this action will be propagated to
items that are hierarchically dependent on him.

3.1 Petri Nets-Based Workflows of OPENET4LD

OPENET4LD is a UoL player that allows uploading UoLs stored in the XML
format defined by the IMS LD specification. The main difference with other IMS
LD engines currently available, such as CopperCore [15], GRAIL [16], MOT+
[17] or LAMS [18], is that OPENET4LD is based on a workflow formalism,
specifically on hierarchical Petri nets, so it may verify the structural properties
and the correction of the implemented courses.

The transition from IMS LD is complicated and generates structurally com-
plex Petri nets. This is because IMS LD introduce control elements that restrict
the order in which activities can be executed. This control structure is based on
the theater metaphor where each of the items (plays, acts, activities) requires a
particular coordination. OPENET4LD implements two types of Petri nets asso-
ciated with each IMS LD element. The first net was designed to unify the way
in which a method, play, act, or activity is executed independently of the level
in which it is situated in the hierarchy. This net is represented in Fig. 2 and
is used to indicate the current state of execution of the element. As it can be
seen in this figure, the net consists of four parts. The first part is focused on
the transition run-element, and is responsible of the execution of the element.
The second and third part control the suspension and resumption of the element
triggered by the user or by a hierarchically higher element. Finally, the last part
controls the stopping of elements motivated by the stopping of a hierarchically
higher element, by a user trigger, by a time limit consumption, or by a certain
condition established in IMS LD.

The second net captures the control structure for the execution of methods,
plays, acts, and structure of activities. Each of these structures reflects the op-
erational semantics defined by IMS LD and transforms it into a Petri net. For
example in the case of a method, this transition is replaced by a net with a
set of parallel transition representing the mandatory (defined in the when-play-
completed IMS LD property) and non-mandatory plays of the method.
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Fig. 2. Petri net that controls the execution, suspension, resumption and completion
of methods, plays, acts, and activities of the unit of learning

In the OPENET4LD model, an element (such as method, play, act or activity)
is therefore composed of a control net and a structure net. The union between
the two nets is done through two composition mechanisms of hierarchical Petri
nets: fusions and substitutions. For example, the union between a control net
and its structure is done by substituting the transition run-element of the con-
trol net by a Petri net with the appropriate control structure. In the case of
a method, this transition is replaced by a net with a similar structure as the
Petri net depicted in Fig. 3. This substitution allows methods to coordinate the
execution of their plays. It should be mentioned that this process is repeated for
each hierarchical level of IMS LD, that is, for each method, play, and act. The
union between the various components is also carried out through transitions
substitution. For example, transitions run-playi of Fig. 3 by a control net inte-
grates the execution of the plays with the Petri nets that represent the method
execution. This feature gives to our hierarchical model a tree-shaped structure
where each tree level alternates a control net with a structure net, and where
tree leafs are the activities to perform.



540 J.C. Vidal, M. Lama, and A. Bugaŕın
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Fig. 3. Petri net that controls the execution of a set of plays

3.2 Mappings between OPENET4LD and the Visual Model

We have established a set of mappings between our visual models and the Petri
nets models of OPENET4LD. Through these correspondences, our visual model
is transformed into an executable model based on Petri nets. This combination is
an important advantage, because (i) it takes advantage of the simplified approach
for designing UoLs that our visual models provide, and (ii) it maintains the other
advantages that OPENET4LD and its Petri nets-based model provides.

Certainly the implemented GUI, that supports the visual model, offers the
option to save designed UoLs in XML format of IMS LD. So, is it justified
the definition of correspondences between the visual model and the Petri nets
considering that OPENET4LD allows loading UoLs in the IMS LD format?
If the interface have the sole purpose of designing UoLs, in fact it would be
meaningless. However, with this interface we intend to go further and visualize
the workflows execution in the visual model.

Method mappings. Figure 4 shows an example of the correspondence estab-
lished between a method described with the visual model and the Petri nets
of OPENET4LD. As it can be seen in the figure, the visual representation of
the method is mapped to two models of Petri nets: one with the control over
the method execution and the other one with the control over the coordination
of its plays. We can also see a certain similarity between the visual model and
the right-sided Petri net. This is because YAWL language is an extension of
Petri nets, and also because both nets were designed to control the coordination
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Fig. 4. Mapping between the visual representation of a method and its Petri net-based
internal representation in OPENET4LD

of plays. So why do we also establish the mappings of the visual model with
the right-sided Petri net? There is an important reason for this: this Petri net
manages the execution of the element, and extends the IMS LD specification to
support suspension, resumption or abortion of UoLs. Furthermore, it provides
the means to propagate changes to the elements that depend on its execution
(for example, the suspension of a play implies the suspension of all its acts,
and so on). Therefore, these mappings endow our visual model with the same
functionalities, so we will be able to manage the execution of the UoL from the
GUI.

Play mappings. Like with methods, there is a mapping between the visual
model and the two Petri nets that manage the execution of a play and coordinate
its acts, respectively. In this case acts are represented in Petri net sequence.

Role-part mappings. The case of acts is different, because our visual model
hides much of the structural complexity related to acts execution. In our visual
model, an act is associated with a set of role-part models. However, the model
does not show how these role-parts should be carried out. This association is
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Fig. 5. Each act is mapped to these two Petri nets

done internally through the mappings, so that the Petri net that manages the
execution of the act is connected to a Petri net that controls the parallel execu-
tion of each of its role-parts. For example, Fig. 5 shows the two Petri nets that
control an act execution.

Each branch of Fig. 5 controls the development of the execution entity asso-
ciated to the role-part. Users are inserted in the workflow execution through the
insert-users i transitions, will run the execution entity through the run-entityi

transition, and finally removed from the execution by means of the remove-
usersi. The run-entityi transition represents the execution of the simple activity,
structure of activities, or UoL associated wit the role-part.

The next step is the identification of the root of the last layer. For example,
in Fig. 6 we show the tree of the YAWL model depicted on the top. In this
tree, simple activities are the leaves nodes and the structure of activities are the
branch nodes. Both node types are substituted by a control Petri net, and in
the case of branch nodes, the visual element is also mapped to a net with its
corresponding structure.

4 Viewer Implementation

The implementation of the GUI is depicted in Fig. 7. Its display is divided in
three parts. The left part contains the panels of components and properties. The
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first contains the visual components the designer may use to create his visual
models, that is, it contains shapes representing the plays, acts, activities, control
structures, roles, and environments. These components can be dragged to the
central panel in order to create and annotate the visual model.

As it can be seen in the figure, the central panel is again divided in three parts
which tally with the three layers of our visual model. Methods are modeled at
the top, plays at the central part, while each role-parts of an act is designed in
a tab at the bottom. The interaction between the three parts of the model is
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Fig. 7. Screenshot of the GUI for the design/edition of IMS LD units of learning

simple: the selection of play at the top panel will open a tab in the central part
with the sequence of acts associated to the selected play; the selection of an act
will open all its role-parts as tabs at the bottom part.

The properties panel is located at the bottom of left panel. Through this panel
the properties of each of the selected components can be modified. For example,
Fig. 7 displays the properties of the environment MyEnv. This panel let the
designer to change the environment identifier, name, learning objects, services,
and other environments it has associated.

Finally, the right side of the GUI is used to create the learning objects and
services that may be associated with the environments.

5 Conclusions and Future Work

In this paper we have described a workflow-based approach that simplifies the
way to create units of learning specified in IMS LD. The proposed model hides
much of the complexity of IMS LD. However, this complexity is only hidden
to users, since internally we maintain the structure established by IMS LD by
means of a set of mappings to the Petri nets of OPENET4LD, the engine that
supports the execution of our models. With this approach we take advantage
of the simplified approach for designing UoLs, but maintaining the advantages
that OPENET4LD and its Petri nets-based model provides.
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As future work we plan to complete (i) our visual model to support the level
B of IMS LD, and (ii) the GUI to support the execution of the units of learning
in a workflow-oriented way.
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