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Abstract:

Learning Designs (LDs) are used to describe, at the conceptual level, a learning experience in
form of a teaching/learning process that is based on a particular pedagogical model. More precisely,
LD defines which activities need to be performed by teachers and students, under which conditions
and with what resources to enable students to achieve the intended learning objectives. This is a
very new area of research, related to both educational theory and technology and consequently there
are still many open research problems. One of them is identification of possible LD patterns that
can be reused to create more examples of innovative teaching/learning activities.

The main objective of this paper is to address this research problem for a particular type of
learning design. More precisely, the paper will describe the process of identification and formal
modeling of a LD pattern called process-driven collaborative editing. 1t will also illustrate how this
pattern can be reused to generate more examples of innovative learning/teaching activities. The
proposed approach is demonstrated by an example of the electronic-debate activity that can be used
both in e-learning as well as the blended mode of teaching/learning.

1. Introduction

These days most universities are using some form of educational technology. In addition to
domain and content specific applications (e.g. a multimedia chemistry lessons), there are many
more generic, web-based applications used for different aspects of student and learning
management. The existence of a large number of different systems (even within the same
organisational environment) has created the need for standardisation of content, tools and
approaches.

Most of the existing standards concentrate on educational content (learning and teaching
resources). For example, the LOM: Learning Object Metadata Standard (LOM, 2002) enables
sharing of learning objects (LOs) among content repositories. Another important standard is
certainly SCORM (Sharable Content Object Reference Model) by (ADL, 2004). This standard
enables sequencing and dynamic presentation of learning content to a learner, based on their
educational needs and progress through the prescribed content.

However, it is necessary to point out that this “content-oriented” approach to learning and
teaching does not really reflect the reality of creative teaching/learning processes. As (Koper and
Tattersall, 2005) pointed out, the content-driven pedagogy is based on the following, quite limited,
set of guiding principles “Learning is the process of consumption of content... In order to learn, a
single user needs to go through a sequence of learning objects... Teaching is the art of: (i) selecting



and offering content in a structured, sequenced way and (2) tracking the learner’s process and
assessing the acquired knowledge” (Koper and Olivier, 2005, pg. 97).

In reality, teaching/learning processes are highly creative and involve collaborative interactions
among many roles, guided by various pedagogical models. This was exactly the main motivation
for the development of the emerging theory of Learning Designs (LD) (Koper, 2005) and its
associated standard called the IMS Learning Design Specification (LD-IMS, 2003). Learning
Design (LD) is used to describe, at the conceptual level, a learning experience in form of a
teaching/learning processes. More precisely, LD defines “under which conditions, which activities
have to be performed by learners and teachers to enable learners to attain the desired learning
objectives” (Koper and Olivier, 2004). The LD theory is very significant for future developments in
the area of educational technologies, because, for the first time, it promotes the top-down (rather
than bottom-up) design approach. More precisely, it starts from the proven pedagogical models
rather than the available technology. Furthermore, LDs can be used to describe any
teaching/learning scenarios (that can include both technology-supported as well as face-to-face, or
manual tasks). Thus, they can be used to describe learning/teaching scenarios in both e-learning as
well as the mixed (blended) mode of learning.

Due to the fact that this is a relatively new area of educational research, there are currently many
open research challenges generated by modeling and current implementations of learning designs as
well as the current version of the IMS-LD standard. One of the current research challenges includes
identification of learning design patterns (Koper, 2005). This is a very important problem, because
such patterns, when identified can be reused to enable creation of new teaching/learning activities
and scenarios.

The main objective of this paper is to address this research problem for a particular type of
learning design. More precisely, the paper will describe the process of identification and formal
modeling of a LD pattern here called process-driven collaborative editing. More importantly, it will
then illustrate how the same pattern can be reused to generate more examples of innovative
learning/teaching activities. The proposed approach is demonstrated by an example of the
electronic-debate activity that can be used both in e-learning as well as the blended mode of
teaching/learning.

2. An overview of the LD theory

This section gives a brief overview of the current state-of-the art in the LD theory as described
by (Koper and Tattersall, 2005), (Koper, 2005), (Koper and Olivier, 2004) and (Britain, 2004). The
purpose of this overview is to introduce the basic terminology as well as to describe the underlying
principles of this theory and the related standard.

As already pointed out, LDs are used to describe a learning/teaching process that can be based
on any pedagogical model. “It is an application of a pedagogical model for a specific learning
objective, target group and a specific context or knowledge domain” (Koper, 2005). These
pedagogical models describe a set of experiential rules or guidelines that describe how to achieved
the set of learning objectives in the given educational domain in the best possible way. They can
come from the experiences of individual teachers, best practice examples, educational theories etc.

Furthermore, when implemented every LD refers to a set of physical resources (learning objects
and learning services) that are needed during the actual implementation of the process. LD and its
associated resources are packaged into “units of learning” (UOL) that can be further distributed and
reused a number of times.

The central ideas behind LD theory and practice are not new but are more relevant than ever,
especially having in mind the widespread use of content-oriented educational systems. These ideas
can be summarised as follows (Britain, 2004):

- people learn better when they are actively involved in the learning process

- learning activities may be structured (e.g. sequenced) in a learning workflow



- it would be useful to be able to record learning designs (innovative practices) for future
sharing and reuse.

Hence, a LD is a high level description of a learning/teaching scenario that can be implemented
by using a number of different tools. These are multi-role processes. Thus, every person (teacher or
student) plays a role in the teaching/learning process. In this role, a person performs more or less
structured learning and/or support activities that are designed to help them to achieve the intended
learning outcomes. All activities are performed within an environment that incorporates the
necessary learning objects as well as services that need to be activated and used during
teaching/learning process. However, rather than restricted by technology, all activities are guided by
pedagogical methods. These models determine which activities need to be done, by which role and
how they all need to be coordinated to achieve the given objectives.

To illustrate the basic concept of roles and their synchronised activities, Koper and Tattersall
(2005) use the metaphor of a theatrical play (as shown by Figure 1). A play consists of one of more
sequential act(s) and an act is related to one or more concurrent role-parts (defining which role
plays which activity). The acts in a play can follow a sequence or a more complex structure that
may include concurrent acts. Activities can be assembled into activity-structures. An activity is
played in an environment that consists of learning objects (resources) and learning services (various
applications or tools) necessary for its execution. All roles and their corresponding activities are
guided by the shared theatrical script. The same script is a generic description that can be reused
many times, in many different environments by different people playing the same roles.

However, it is also important to note, that a LD “script” is meant to be much less prescriptive
that the script used in a theatrical play. Thus, if necessary, new activities can be implemented during
the actual teaching/learning process. This is exactly what good teachers do. They carefully observe
the progress of their students and are ready to attempt the alternative ways to achieve the same
learning objectives. Only in this way we can ensure that learning/teaching activities are truly
flexible processes and driven by teachers rather than technology.

play
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Role-part 1
Role-part 2
Role-part 3
“"/l Method
Components / .
Role < .................... ACtiVity EnVironment
Activity- Learning objects
Description Learning services

Figure 1: LD represented by the metaphor of a theatrical play (Koper and Tattersall, 2005)

The theoretical model of LD has also resulted in the emerging standard proposed to cover
different aspects of LD modeling and implementation. The main objective of the IMS Learning
Design Specification Standard (IMS-LD, 2003) is to make digital representation of learning designs
consistent and consequently reusable by different software packages. The current version enable



specification of learning objectives, creation of method using play, act and role-parts as well as
specification of roles, resources environment and services (Britain, 2004).

Even though the theory and practice of learning designs is relatively new, there are already
notable developments of various systems that either directly implement learning designs or follow
the underlying principles. Examples include Coppercore, EduBox, Eduplone, LAMS, Lobster,
Reload Software. An excellent comparison of these systems is presented in (Britain, 2004)) while
(Koper and Tattersall, 2005) describe them in more details.

3. Motivating example

This section gives introduces a motivating example of a learning design that will be later used to
illustrate the process of derivation of the process-driven collaborative editing pattern. Although this
example can be used in e-learning, in this paper we consider its use in the blended (mixed) mode of
learning.

Suppose that a teacher is interested to implement an online debate to supplement her weekly
lecture on computer ethics. From the existing education literature, she knows that a debate is a very
powerful teaching/learning activity that teaches persuasion, argument construction and helps to
improve critical thinking and communication skills. This particular learning activity is not new. It
has been used across all disciplines to help students to gain a better understanding of a controversial
issue or a different point of view.

For the purposes of this exercise, the teacher decides to divide all students in groups, ideally
with even number of members (e.g. in groups of four) although she could use some other strategy.
Then each group is divided into two teams, one that will argue the affirmative side (+) and the other
that will argue the negative side of the debate (-). Each group of students is then given one issue to
debate. The teacher decides to post debate issue(s) online, as a follow up to her lecture. For
example, suppose that group A is given the following issue to debate: “Keeping electronic versions
of private medical records is good for the society”. Team A+ (the affirmative) and A- (the negative)
are then given 4 days to prepare their respective arguments and post them online. When both groups
have posted their arguments, they are then given 2 days to prepare and post their rebuttals to
respond to the opposite team’s argument. After both groups complete their rebuttals, the teacher
will then formally evaluate the quality of their arguments, provide online feedback and select the
winning team.

This activity could be done as a part of student’s formative assessment to make sure students
understand a critical issue covered by the previous lecture and use the relevant resources to support
their argument. Alternatively, it could be used as a part of their summative assessment, so the
students will be given a formal mark for their work.

4. Electronic debate LD and its corresponding pattern

Before we can discuss possible support of electronic debate activity by educational technology,
it is necessary to further analyse its properties by using the LD theory. The main objective of this
section is to illustrate this process as well as the process of derivation and reuse of its corresponding
LD pattern. The implementation issues are discussed later in the paper.

4.1. Electronic Debate LD

The motivating example is an example of LD. All roles are engaged in collaborative writing.
Coordination of their individual and collaborative activities is guided by a debate process model.
The coordination aspect is critical for the implementation of this LD, because unless the activities
are done in the right order and at the right point of time, the resulting process will not make any
sense. For example, unless the teacher posts the initial debate issue, students cannot start preparing



their arguments. Similarly, in order to prepare their rebuttal, each team should be able to see the
argument of the opposite team.

There are also various temporal constraints that need to be implemented and monitored to make
sure the activities are synchronized in the right way. In this particular example, students are given 4
days to complete the initial argument and 2 days for the rebuttal. This is set up by the teacher to
make sure that the overall activity can be completed on time e.g. before the next lecture.
Furthermore, when this particular activity is instantiated, students need to have access to various
learning resources that are appropriate for this environment and this particular group of learners
(e.g. current version of lecture notes, relevant internet resources etc.).

It is important to point out that, form the educational perspective design of learning activities is
guided by the activity-centered instructional design approach (rather than “technology” or
“resource” centered design). This approach was introduced by (Oliver, Harper, Hedberg and Willis,
2002) and (Agostinho, Oliver, Harper, Hedberg and Wills, 2002) and further extended by
(Marjanovic, 2005) by placing the special emphasis on its process aspect.

Figure 2 depicts a simple, graphical model of the “electronic debate” LD and, in particular, its
coordination aspect. It is possible to use a variety of existing languages (e.g. graphical such as UML
or XML based such as XML-LD) to model this example in more details. However, for the purposes
of this paper, we choose a very simple language to express the coordination requirements of this LD
as they will be needed in the subsequent sections of this paper.
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Figure 2: The coordination aspect of “electronic debate” LD
4.2. Identification of process-driven collaborative editing pattern

Identification and derivation of a possible design pattern form LD is both a creative as well as
an exact (engineering) process. Its creative part makes it hard to be precisely described and
generalised. From the knowledge management perspective, this is a process of externalisation of
tacit knowledge with the purpose of its later reuse.

In this particular case, we start the process by observing several properties of this learning
design. Firstly, all identified activities use the same document. Furthermore, different roles should
have rights to edit different components of the same document as required by the corresponding
LD. As already pointed out, all activities have to be properly coordinated to achieve the intended
learning objectives. Consequently, all access rights are dynamically created and revoked as required
by the process. For example, once the initial arguments are completed, members of both A+ and A-
teams cannot go back and edit their initial postings. It is also important to observe that access rights
are given to roles for different components of the same document (rather than the whole document)
for a particular time period again as guided by the intended learning activity.



Hence, the process of collaborative editing is driven by a process model, that fully corresponds
to the given learning design. However, the process-driven collaborative editing pattern is a process
represented at the much lower level of abstraction. Consequently, it is independent from the
application domain. More importantly, when identified, it becomes independent from the original
learning design. This paper argues that this is a crucial property of a design pattern that will enable
its reusability (as illustrated in the next section).

So in this case, we can observe that the process-driven collaborative editing pattern consists of a
set of coordinating editing events. Formally, we can represent it as follows:

Let » be a document that consists of a set of components:
»={C1,C2, ..., Cn}

where all components C1, C2, ..Cn are mutually exclusive, thus they do not overlap.

A set of roles that participate in collaborative editing is represented by:
®={R1,R2, ..., Rn}

Note that the same role can be shared by more than one person.

A set of editing activities that roles can perform on a given component is represented by
a={Al, A2, ..., An}.

Thus, process -driven collaborative editing can be represented a coordinated sequence of editing
events E1, E2, ... En where each event Ei is represented by a tuple:

Ei (R, Ci, Ak, te)

where Ri €%; Cj € »; Ak €4 and te is an absolute time value that denotes the time of completion
of Ei

Editing events could be ordered in a sequence, could be parallel or even conditional (based on
the previous activities). Consequently, their coordination structure could be easily represented by a
high-level coordination graph that corresponds to the previously identified learning design (as
depicted by Figure 2).

However, a more challenging issue is modeling of dynamic obligations and access rights,
crucial for this particular design pattern. For this purpose, we distinguish between two different
types of actions: performative and informative. Performative actions generate further obligations for
other roles and result in dynamic change of access rights (creation of new permissions and
prohibitions). For example, when the teacher posts the debate issue, completion of this event will
create further obligations for students to post their arguments. Other actions are informative i.e. they
do not result in any further obligations or change of access rights. For example, students can read a
given component of the document. The concepts of informative and performative actions, used in
this paper, originates from the Speech-act theory, formally introduced by Searle (1969).

Furthermore, to express obligatory actions and as well as dynamic access rights (permissions
and prohibitions) we use the concept of deontic constraints. They originate from the so-called
deonic logic. This is the formal logic of permissions, prohibitions and obligations, originally
introduced by von Wright (1968). Since its introduction, this logic has been widely used to model
various aspects of organisational knowledge.



Thus obligations are formally represented by a tuple

Obligation(Ri, Cj, Ak, tb, te)

where Ri €%; Cj € »; Ak €4 and (tb,te) is a time interval that denotes period of validity of this
constraint.

The previous example indicates that role Ri is obliged to perform action Ai on document
component Ci during the given time interval (tb,te).

To fulfill this obligation, role Ri has to have the appropriate access right. Thus, this obligation will
automatically generate the appropriate access rights:

Permission (Ri, Cj, access-type, tb,te)

where access-type = {read, write}

For example:
Permission(teacher, C1, write, tb, te)

Indicates that teacher has a permission to edit component ¢l during period indicated by tb and
te. Note that the time interval (tb,te) can be open on the right hand side to indicate that a role has a
certain access right starting from tb until further notice.

Dynamic access rights to different document components will make these components visible to
the roles given the rights to read or edit them.

The following section illustrates how this model can be used to instantiate “process-driven
collaborative editing pattern” to represent the previous motivating example (as described in section

3).
4.3. Electronic debate expressed by a process-driven collaborative editing pattern

Let us now use this formal model to express the process-driven collaborative editing pattern
used for the “electronic debate” learning design. Due to the limited space, we will represent only a
part of this design to illustrate the expressability of the introduced pattern.

First of all, we identify a set of document components that will be used in this particular
learning design. Figure 3 depicts the identified components along with their corresponding semantic
meaning (relevant for this example of LD).
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Figure 3: Components of the collaborative document
Furthermore, there are three different types of roles:
® = {teacher, team+, team-}

Note that the same role may be played by more than one person (i.e. more than one member of
team+ or team-)

Collaborative editing activities are represented by the following set:

27 CC 27 <c

a = {“post-debate-issue”, “post-argument”, “post-rebuttal”, “post-summary”}
The very fist collaborative event represents teacher posting an issue:
El(teacher, C1, “post-debate-issue”, t1)
obviously the pre-requisite of this activity is that teacher has editing rights i.e.
Permission (teacher, C1, write, t3, t4) where t4=t1
this is used to indicate the fact that once teacher post a debate issue this posting cannot be changed).
Obviously this could be specified in a different way to allow teachers to change their original

posting, but any change has to be implemented before students start working on their arguments.

The previous action “post-debate-issue” is a perfomative action that will generate the following
obligations and permissions:

Obligation(team+, C2, post-argument, tb, te)

Obligation (team-, C3, post-argument, tb, te)



where in both cases tb=t1 and te =t1 + 4 days

These obligations will generate the automatic permissions for the members of team+ and team-
to edit the respective components. However, the following prohibitions have to be added to make
sure the opposite teams do not see each other’s postings.

Prohibition (team+, read, C3, tb, te)
Prohibition(team-, read, C2, tb,te)

Similarly, events E2 and E3 will correspond to team+ and team- posting their arguments are
parallel. When they are completed, they are followed by a set of parallel activities E4 and ES where
teams post their rebuttals.

E4(team+, C4, “post-rebuttal, t4, -)

ES5(team-, CS5, “post-rebuttal”, t5, -)
“-“1s used to indicate an open time interval. In this case it could be interpreted as “until further
notice”.

These two editing activities require the corresponding components to be visible. In other words,
team+ should be able to see the previous posting of team- and vice-versa.

Permission(team+, C3, read, t3, -)
D-constraint(P, team-,C2, read, t3, -)

Once they have completed their rebuttals, the access rights of both team+ and team- with respect
to components C2,C3, C4 and C5 are revoked back to “read” and an obligation is created for the
teacher to post a summary.

This activity could be also extended to enable knowledge sharing among different groups. For
example, the same activity could be used by more then one group, but groups could be given
different issue to debate. Then after the teacher posts the summary for each group, all groups could
be given the reciprocal rights to read documents posted by other groups.

4.3. Reusing the process-driven collaborative editing pattern

It is important to observe that the same pattern can be easily replicated and reused with a
number of different groups of students, irrespectively of the teaching discipline. By creating
different editing sequences and using deontic constraints to specify obligations as well as editing
rights (permissions and prohibitions) it is possible to generate a variety of scenarios.

More importantly, this process-driven collaborative editing pattern can be used to help teachers
to invent new types of learning designs (innovative learning/teaching activities). This could be done
by replacing the given document by other types of documents and changing the semantic meaning
of various editing events. For example, teachers can implement collaborative editing of lecture
notes. Thus, after a particular lecture, teacher can post lecture notes and ask students to add
questions to every slide if there is an issue or concept they do not understand on that particular
slide. For example, students may be several days to complete this activity. In the next step, the
teacher will go over each slide, identify problematic issue and then post a brief answer, references
to further reading or decide to address the problem at the beginning of the next lecture.



The same design pattern can be used to implement collaborative reflective journal writing by a
group of students, problem-solving exercises, peer-assessment, various forms of electronic
brainstorming (including pooling, nominal group technique etc.), collaborative writing of software
applications etc. In essence, all these learning activities reuse the same pattern where collaborative
editing of the same document is guided by the process that correspond to the intended learning
design.

Finally, it is also very important to note that we do not expect teachers to use the formal model
of design pattern as defined in the previous two sections. The main reason for going to that level of
details was to help us understand the components of this pattern (i.e. performative and informative
actions, obligations, permissions, prohibitions and temporal constraints).

However, this formal modeling can serve one more purpose. It can be used to elicit the
requirements for the implementation of an executable component that will support a process-driven
collaborative editing pattern. The main idea here is to provide teachers with a template of this
pattern (process) so they can configure the individual elements (i.e. change the parameters of the
process and the underlying document) implement different LD without any programming involved.
This component could be offered as a part of knowledge sharing environment designed to help
teachers to share their innovative learning designs. An example of such environment is the web-
based handbook of LD, introduced by (Marjanovic, 2005). However, to make this idea possible it is
necessary to solve some technical issues involved in implementation of process-driven collaborative
editing pattern as described in the next section.

5. Implementation issues

It is possible to support the electronic debate activity in many different ways. Because we are
interested to extend the learning experience beyond lectures, this could be an ideal online activity.
So how to support this activity? Obviously, e-mail or simple sharing of documents (for example in a
word format) would make this activity very complex from the administrative point of view. Our
teacher would need to manually coordinate student’s activities and in some cases even manually
match the original arguments with their corresponding rebuttals for each team and each group.

Another possible option is to use the existing collaborative editing systems. These systems are
used to support a group of people editing a document collaboratively synchronously or
asynchronously over the computer network. People may work simultaneously on the same
document, simultaneously on different copies of the document, or at different times on the original
or copied document. The document types include text, diagrams, more complicated graphic objects,
images, CAD drawings, multimedia, etc.

There are several notable examples of this category of systems. For example, Wikiwikiwebs or
wikis is a family of very popular collaborative editors[]. It is a web application that allows users to
freely create and edit Web page content using any Web browser. In wikis application, there is a
central wiki server. A wiki page is duplicated during editing session without locking mechanism. In
case of concurrent editing of the same document, the last saving the document will win. There is no
propagation of modifications. In wikis each saving command generates a new version of the
document.

Another family of collaborative editing tools are real-time editors. These tools allow multiple
users to concurrently edit the same document from different sites. However, one of the major
problems, that need to be solved when building such systems, is the problem of concurrency
control. Examples of previous work in this area are given by [ ].

It is important to note that most issues faced in collaborative editing are usually technical. They
focus on concurrent editing, data replication and modifications propagation. However, none of them
address the problem of structured cooperative editing as required by the process-driven
collaborative editing pattern, identified in this paper.
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In conclusion, a simple collaborative editing tool is not sufficient. It has to incorporate process-
driven support that will guide the editing activities as well as support management of dynamic
access rights as required by the particular learning designs.

To address this design problem, we are currently considering possible extension of an existing
collaborative platform called LibreSource (Godart et all, 2005). Originally LibreSouce was
developed to support cooperative open source software development. It is designed to provide all
services necessary for cooperative work. From the technical perspective, LibreSource provides an
innovative data sharing management mechanism, based on an optimistic data replication and
synchronization tool (..). In addition to coordination, communication and forums tools, it includes
awareness and collaborative editing tools. LibreSource is based on the JAVA/J2EE technology. Its
decentralized approach made it possible to develop a set of robust applications while disregarding
the underlying software architecture. Our aim is to implement the process-driven collaborative
editing pattern as described in this paper by incorporating flexible coordination mechanism for the
collaborative editing process. Implementation of a prototype of this technology is currently in
progress by the LORIA ECOO team.

8. Conclusion

The content-oriented pedagogy, currently used by the existing educational technologies is very
limited. It is based on a fundamental principle that learning is consumption of educational content
and teaching is the art of sequencing and presenting the content to students.

The emerging theory of Learning Designs (LD) sees learning/teaching activities in a
fundamentally different way. They are viewed as creative, collaborative activities where students
and teachers play different roles and their activities are carefully coordinated to achieve the
intended learning objectives. This is a new research area of educational technology and there are
many open research problems yet to be solved.

This paper aims to address a particular research problem — identification and reuse of LD
patterns for a particular type of LD. This is a challenging problem that requires both creativity as
well as domain knowledge. We illustrate the process of identification and derivation of a specific
LD pattern called process-driven collaborative editing pattern and describe how this pattern can be
used to generate more examples of innovative LDs. The approach is illustrated by an example of
LD called electronic debate that is commonly used in many different teaching domains.

Our current work includes technical implementation of a prototype of process-driven
collaborative pattern based on the ideas presented in this paper as well as user friendly modeling of
this particular type of collaborative process. Our aim is to offer it as an executable component that
could be reused by teachers without any programming involved.
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