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ABSTRACT

Distance Learning Providers serve large populations of learners, frequently offering the same course to
different groups of learners over lengthy periods of time. This article argues that (re-) running e-learning
courses with different combinations of learners and staff requires a distinction between abstract
representations of courses and instances of these representations involving specific learners and support
staff. The article provides an analysis of the requirements for multiple deliveries of courses, describes the
design of an approach which meets these requirements together with experiences resulting from
implementation of the design. The article concludes with a discussion of the approach.
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Introduction

Distance Learning Providers (DLPs) deliver courses to many hundreds or even thousands of students over long
periods of time (Daniel, 1998). Initial attempts to incorporate e-learning in distance learning placed lecture notes
and other resources on-line, positioning them as supportive material to be used by learners in isolation. More
recent efforts have sought to include an explicit role for staff in on-line learning processes and to increase levels
of collaboration between learners and staff and between learners and other learners (Kennedy & Duffy, 2004;
Thorpe, 2002).

As on-line distance learning moves away from supporting isolated, single learners to include multi-role,
collaborative learning processes, new delivery issues arise. Records need to be maintained regarding who filled
which role during a particular period. Care must be taken not to overburden learner support staff with additional
work introduced by new communication possibilities. Flexibility must be available to modify delivery
approaches on the basis of ongoing evaluations without having to create new courses.

Flexible, multiple runtime delivery of e-learning courses is needed when the same course is offered many times
to different sets of learners (eg different classes) and runtime circumstances vary. Issues of re-delivery, or what
might be called runtime re-use, have received little attention in the e-learning literature. The implicit assumption
is that if a course is delivered several times it will always be delivered in the same way, perhaps arising from an
overriding focus on a single learner, single role situation in widely adopted e-learning models such as the
SCORM (ADL, 2004). As a result, the debate on re-use in e-learning focuses on support for the creation of new
courses, and is dominated by discussions of learning object repositories, and methods and techniques to support
the creation of new materials (Downes, 2001; Friesen, 2001).

However, consideration must be given to the concepts required for successful application of a ‘create once,
deliver many times’ approach in the design and development of integrated e-learning systems (Koper, 2003).
Without such attention, processes and systems for the delivery of courses can lead to a ‘create once, deliver
once’ situation where each delivery is associated with its own unique variant production.

This article provides an analysis of the requirements for reproducibility in e-learning. The term reproducibility is
used in the IMS Learning Design specification (IMS, 2003b) and is defined there as the repeated execution of an
e-learning course in different settings with different participants. Put differently, reproducibility refers to the
process of repeatedly running a fixed course design with different sets of learners, and is in contrast to the
situation often found today in which course designs are modified each time a course is run (eg each year). With
the requirements identified, the article describes the design for part of an integrated e-learning system which
meets the requirements, followed by a description of a production level implementation of the design. It
concludes with a discussion of the approach.
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Requirements Analysis

The requirements presented here have been derived from production experience at the Open University of The
Netherlands delivering courses to students via the internet from 1996 onwards. We distinguish between course
enrolment, when learners sign up to participate in e-learning courses, and course delivery, the process by which
learners are engaged in learning processes supported by e-learning systems. The problem area addressed by this
article is the combination of course creation and management, and course delivery policy. The latter concerns the
manner in which those enrolled for a course have their education delivered, focusing on when delivery occurs
and how (in terms of cohorts and sets of learners).

The distance and open learning worlds are associated with a variety of delivery policies. DLPs may need to cater

for a variety of situations, including those where different courses are:

» run once only (then discontinued), with a single set of learners.

» run for several sets of learners. The rationale behind the dividing of learners into sets is here a logistical one
for the DLP. The availability of staff resources to act as (remote) tutors might be constrained by institutional
policy that the staff-to-learner ratio must never rise above a certain advertised maximum. Alternatively, the
division might reflect simple physical constraints, such as classroom size for blended learning courses where
groups of more than 40 cannot be accommodated for face-to-face sessions. In contrast, it might reflect the
targeting of different geographical areas or market segments (for example running the course in the winter
months and marketing to those seasonal workers fully employed in the summer months, and vice versa).

» run for (possibly several sets of) learners where the design indicates that learners are divided into groups. In
contrast to the previous possibility, the rationale here is pedagogical, reflecting a choice to pursue, for
example, a group-based learning approach in which learners are divided into competing teams, or a Problem
Based Learning approach (Nulden, 2001). Similarly the use of computer-supported collaborative learning
(CSCL) technologies might be associated with working in small groups.

» run only when, but as soon as, there are enough learners enrolled on it. Here, the decision might be a
pedagogical one (group learning) or might reflect economic reasoning, such as the need to have a minimum
number of learners to break even.

» run for individual learners as soon as the individual’s enrolment has been finalised.

DLPs may wish to adopt different delivery policies, either to gain competitive advantage through flexibility of
delivery, or to reflect the stage of development of the organisation (starting with limited flexibility but increasing
as the organisation’s logistical processes mature).

While targeting flexibility of delivery, providers must also be aware of legal obligations on retaining information
in cases of dispute with learners. Information on both the design and content of a course, together with that
concerning its time-of-delivery and cohort size must be preserved, and the obligation may exist long after
learners’ participation in courses has ended. Providers making modifications to courses on-the-fly without
paying sufficient attention to version management run the risk of losing law suits filed by learners who dispute
their failing of course examinations.

Notwithstanding the need for version management of courses, providers need to be able to make minor
modifications (i.e. without legal significance) to materials being used in running courses. Such modifications
include correcting spelling errors in course materials, improving the readability of materials following learner
feedback, and the updating of links to time-dependent material used in courses such as company yearbooks and
governmental surveys.

We identify three requirements to be met by DLP processes and systems in the area of reproducibility:

1. The same course must be able to be delivered to different sets of learners without resorting to duplication of
course design and contents. That is, a fixed course design should be able to be run and re-run with different
groups (eg classes, companies).

2. Deliveries must be able to be handled in an efficient way, and where possible, partly or wholly automated.
For example information on learners should be able to coupled automatically to the course each time it is
run.

3. Version control must be applied to courses so that an exact record is maintained of which course design was
delivered to which learners and when, while at the same time permitting minor updates (e.g. spelling
corrections) to running courses must be applied without disrupting on-going learning processes.

E-learning practice has not always taken these requirements into account, as noted by Porter (2001):
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“In many cases the instructor is given training in a particular online development, delivery and
management tool ... and then the instructor proceeds to craft a course for online delivery. The
pedagogical structures embedded within the instructional delivery tool are tweaked to suit the
needs of the class, the content or the particular instructional problem. In most cases, the courses
are hand tooled and kept current through the intervention by the instructor over time”.

Design

The above analysis points to the need to distinguish between a course in the abstract, and its deliveries to
different sets of learners. The IMS Learning Design Specification provides an appropriate context within which
to view this distinction.

An overview of IMS Learning Design

The IMS Learning Design specification provides a notational system to describe a “Unit of Learning’, an abstract
term used to refer to any delimited piece of education or training, such as a course, a module, a lesson, etc
(Koper & Olivier, 2004). The notation is capable of describing a wide variety of instructional models, or learning
designs, such as Competency Based Learning and Problem Based Learning.

One of the requirements the IMS LD specification is designed to meet is that of reproducibility—"“the
specification must describe the learning design abstracted in such a way that repeated execution in different
settings with different persons is possible”.

In a Unit of Learning, people act in different roles in the teaching-learning process. In these roles, they work
toward certain outcomes by performing learning and/or support activities within an environment containing
learning objects and services to be used during the performance of the activities. In this way, a Unit of Learning
represents more than just a collection of ordered resources to learn. It includes a variety of prescribed activities
(problem solving activities, search activities, discussion activities, peer assessment activities, etc), assessments,
services and support facilities provided by teachers, trainers and other staff members. Each learning design
(contained in a Unit of Learning) must include a learner role engaging in one or more activities. The staff role is
optional and can be used to model the activities of teachers, tutors, mentors etc.

Units of Learning are created as so-called content packages—bundles of all resources required in the learning
process represented by the Unit of Learning, including the learning design, physical files of educational material
and hyperlinks to resources. A separate IMS specification governs the structure of such packages (IMS, 2003a).

Through its use of roles, IMS LD abstracts from the details of specific learning situations and provides an
appropriate concept to describe a course in the abstract: the Unit of Learning. It is Units of Learning that are
created once, then delivered many times, re-using the same learning design.

Following the approval of the specification in 2003, a number of tools have be developed which either support it
directly or are strongly influenced by it, including CopperCore (Martens & Vogten, 2005), ASK-LDT
(Karampiperis & Sampson, 2004, 2005) and LAMS (Dalziel, 2003).

Moving from an abstract course to specific deliveries

The ‘creation versus delivery’ distinction reflects that between design time and runtime. The formal description
of a learning process which results (at design time) from the use of the IMS LD notational system is interpreted
(at runtime) by an IMS LD-aware software component, or IMS LD Player, in the same the way HTML is
interpreted by a browser. Taking into account the three requirements identified in the previous section, it is clear
that the design time concept (the Unit of Learning) must be augmented with additional, runtime concepts. Stated
differently, when implementing the IMS LD specification, additional runtime concepts are required.

The need to establish a specific runtime concept related to the abstract design time concept of a Unit of Learning
can be informed by the world of object orientation. Although the link between e-learning systems and object
orientation has been examined in other work (Douglas, 2003; Permanand, 2003; Virvou & Tsiriga, 2001), such
work has tended to focus on the re-use of learning objects at design time, that is, in creating new units of
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learning. In the context of reproducibility, the focus is on the move from design time to runtime. This is the
process of instantiation, whereby an object class, modelling an abstraction, is used as the basis from which to
create specific object instances. Following this line, we view a Unit of Learning as describing a class of possible
instances, and we use the term instantiation to describe the process of transforming an abstract Unit of Learning
into deliveries for learners. The specific instances of a Unit of Learning are referred to as runs, defined as the
combination of a particular Unit of Learning with an assigned community of users. Each run is assigned to
exactly one Unit of Learning, but a particular Unit of Learning may have zero or more runs assigned to it.

Additionally, we exploit the notion of a publication, which is introduced to allow pre-processing of the contents
of a Unit of Learning for a run. Publications are not strictly necessary to meet reproducibility requirements, since
the processing can also be achieved on-the-fly, but have proven useful in several situations in practice. Although
a full examination of the utility of publications is outside the scope of this article, an example of their application
occurs when alternative resources are available for different media, such as a course offered both in printed form
and over the web, or for different (mobile) devices, perhaps with differing display sizes and capabilities. Finally,
publications can be exploited to accommodate variety in the formatting and styling of units of learning for
different sets of learners, meeting both accessibility and re-branding requirements on course content.

This resulting combination of concepts is illustrated by the UML class diagram shown in Figure 1.

learner

1.7

unit of learning run role

a.” staff

0 * [publication | 7 +

Figure 1. The relationships between units of learning, publications, runs, roles, staff and learners

A run adds runtime information to a Unit of Learning by defining a start and end date and binding specific
individuals into the roles modelled in the learning design part of the Unit of Learning.

The same Unit of Learning can have an unlimited number of runs. The notion of an abstract class (Unit of
Learning) from which specific instances (runs) can be spawned is at the heart of the solution to reproducibility
problems. Various delivery policies can be realised by creating multiple runs from a single Unit of Learning. In
all cases, the ‘parent’ Unit of Learning is frozen and archived for future reference, with each ‘child’ run
maintaining a link to its parent. The unique identification of a Unit of Learning using a Uniform Resource
Identifier which is mandated by the IMS LD specification is also applied to each run.

A run progresses through a lifecycle, mirrored by its changing status—either waiting, active, stopped or
achieved. When a run is first created it has the status 'waiting' meaning that users have still to be assigned to the
run from the pool of enrolled users prior to delivery. Delivery starts when the run status changes to active. As
soon as all users have finished, the run gets the status of stopped, meaning that users can still access the learning
design and the corresponding content contained in the Unit of Learning but no more interactions will be allowed.
Finally, a decision can be made to archive the run, meaning that it is no longer available to the learners and staff,
but all information is stored in an archive for future reference.
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Constraints on run creation

Mechanisms are provided in the IMS LD modelling language to help designers (at design time) indicate
constraints on the creation of runs (at runtime). The mechanisms provide the basis for automation of run creation
and build on the two general roles inherent in the specification—Ilearners and staff.

Two of the constraint mechanisms are the “min-persons” and “max-persons” attributes associated with a role.
The former specifies the minimum number of persons which must be bound to the role before starting a run and
the latter specifies the maximum. Runs can be generated using the constraints until the enrolled population of
learners is exhausted. Note that if the attribute is not used, no restrictions apply to the number of individuals who
can fill a role. This can be useful in situations where the number of individuals participating in a Unit of
Learning is unimportant, such as is the case with fully individualised, self-taught courses.

By combining these attributes with the notion of a default run, the delivery process is opened to partial or full
automation. If only one run is created for a Unit of Learning and it is designated as the default run, learners can
be automatically assigned to participate in runs according to any min-persons and max-persons constraints.
Therefore, we extend the definition of a run to include an attribute indicating whether or not it is the default run.
Only one run for a learning design may be a default run.

The final design is reflected in the UML domain model shown in figure 2:

learner
1.* |
n.=
unit_ of learnind . run
i 1 0.* lidentifier 0+ .role
learning-design status —[}“ min-persons
resource start-date mMas-persons
end-date
1 default o.* staff
0.
g+ |publication | =
strylesheet
language

Figure 2. The full UML class diagram for the design

To illustrate the utility of default runs, consider a cohort of 200 learners for a given Unit of Learning which has
constraints indicating a minimum of ten and maximum of twenty individuals in the role of learner. Software can
be written so that as soon as the run is made active, ten runs are spawned automatically, each with twenty
learners. However, we should stress that full automation is only applicable in a subset of learning processes.
Where multiple roles are used in a learning process, an administrative function is needed to couple individuals to
roles. In some situations this may be more or less fixed, as when the role of tutor is limited to the members of
staff of an institution, but other learning designs may use less rigid approaches to roles (eg the various learner
roles in problem based learning).

In summary, the design of an approach to ensuring reproducibility in integrated e-learning systems involves

coupling the concept of a Unit of Learning to that of a run, which links individuals in particular roles to a Unit of
Learning delivered in a given time period.
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Implementation

Implementation of the design can be positioned within the context of the production sub-system of integrated e-
learning systems (Koper, 2003). An additional process is introduced to the production sub-system: run
management, which can be supported by a run tool as shown in figure 3.
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Figure 3. Positioning the run tool in its immediate architectural context

Units of Learning are authored using a tool such as the RELOAD editor (Olivier, 2004), and stored in a Learning
Design repository (Buzza, Bean, Harrigan, & Carey, 2004). The repository stores the frozen ‘parent’ units of
learning and implements version control mechanisms. When a DLP wishes to deliver a Unit of Learning, a run is
created using the run tool by linking a Unit of Learning to learner information, using, for example, the IMS
Learning Information Package Specification (IMS, 2001). When the DLP is ready to make the Unit of Learning
available, its status can be changed from waiting to active and learning can begin using an LD Player. The run
tool can be used as the mechanism by which the status of a run is changed by course administrators. However the
opportunities for automation are evident, such as using timed events to move the status from waiting to active at
the start of an academic year.

Figure 4 shows a run tool which is delivered with a commercial player based on IMS LD’s pre-cursor, the
Educational Modelling Language (Koper & Manderveld, 2003). The users of the tool, course administrators, are
able to view data from enrolment systems (i.e. enrolled learners) and support staff systems and assign people to
roles as appropriate. The open source IMS LD engine described by Martens and Vogten (2005) also contains a
run tool, albeit with a command line interface.

For users (staff or learners) using an LD player, support is offered in several situations. If the user has been
assigned to exactly one run for a given Unit of Learning he or she can be directed to the run (eg through a
hyperlink). If the user has been assigned to multiple runs of the same Unit of Learning, a choice between the
available runs is offered. This mechanism can be used, for example, to give learners a choice of starting date, or
to give staff a choice of which run to support when several are running in parallel. If the user has not been
assigned to a run but is enrolled for a Unit of Learning for which a default run is available, the user is assigned to
the run as soon as it becomes active. A fourth possibility exists in which the user is not enrolled for a Unit of
Learning (and so is not assigned to a run) but requests access to a run (perhaps through sharing of hyperlinks
between learners). In this case enrolment form could be presented to the user, requesting enrolment. This aspect
is not implemented in our context, where users are instead denied access and directed to the traditional enrolment
process.

The run management process was implemented in the educational production processes at the Open University
of the Netherlands in 2002 and successfully operates with enrolment numbers in excess of 1000 learners per
course (i.e. Unit of Learning), coupled to multiple runs, following different delivery policies, varying from one
to ten to hundreds of learners per run, and typically involving a second role of mentor. Data on the use of Units
of Learning and Runs is shown in the following tables.
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Figure 4. A run tool showing the interface by which users are assigned to roles

Table 1 shows a first sample of Units of Learning delivered at the Open University of the Netherlands, together
with the date of delivery and numbers of students engaged in e-learning:

Table 1. E-learnin

g courses (units of learning) with single runs

Unit of Learning Run date Number of Students
Management coaching September 2003 89
Informing patients September 2003 37
Policy advising September 2003 65
Policy research September 2003 69
Management in government September 2003 54
Policy processes September 2003 99
Criminology February 2004 15
Communication Technology September 2004 112

Table 1 shows a one-to-one relationship b

etween Units of Learning and runs. That is, for each of the courses

shown above, only a single run with a single group of learners was needed. Table 2, in contrast, shows that one
course, Psychological Interventions, has seen three separate runs:

Table 2. E-learning

courses (units of learning) with multiple runs

Unit of Learning Run date Number of Students
Psychological interventions September 2002 36
June 2003 32
September 2003 276

The three runs shown in table 2 were created following minor revisions of the Unit of Learning to correct textual

inconsistencies in the content (that is, not
groups of students). It is, however, tables 3

affecting the learning design which remained identical for the three
and 4 which illustrate the real flexibility to be gained by adopting the
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Unit of Learning/Run distinction. Both relate to a single Unit of Learning, one of the most popular courses
offered: Introduction to Psychology. Learners can start the course at two points in the academic year (September
and February). Table 3 shows that many runs have been created for the Unit of Learning and the identifiers used
for the runs reveal that a policy of creating a run per study centre is being followed (the Dutch and Belgian city
names used in the identifiers all have study centres). This use of multiple runs has two underlying reasons. First,
students are being grouped together in runs based on their physical location in an attempt to facilitate the
creation of a sense of community. Second, cities with many students can lead to runs with large groups of
students, leading to problems of staff support. As a result thresholds have been introduced for group size and
some cities are associated with more than one run (eg Amsterdam, Zwolle, Rotterdam, Den Haag for September

2003).

Table 3. E-learning courses (units of learning) with multi

le runs

Unit of Learning Run date Run identifier Number of Students
Introduction to Psychology | September 2003 Leuven 17
Kortrijk 9
Gent 60
Diepenbeek 60
Brussel 4
Vlissingen 28
Antwerpen 69
Leeuwarden 36
Emmen 18
Zwolle 1 38
Zwolle 2 38
Utrecht 2 78
Utrecht 1 77
Sittard 72
Rotterdam 2 71
Rotterdam 1 71
Nijmegen 108
Groningen 77
Enschede 42
Eindhoven 100
Den Haag 2 57
Breda 71
Amsterdam 2 109
Amsterdam 1 108
Den Haag 1 56
Alkmaar 61
February 2004 Gent 38
Vlissingen 17
Leuven 13
Kortrijk 5
Diepenbeek 31
Antwerpen 58
Brussel 2
Zwolle 47
Utrecht 16
Sittard 40
Rotterdam 82
Nijmegen 57
Groningen 75
Enschede 20
Eindhoven 50
Den Haag 65
Breda 39
Amsterdam 110
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Table 3 also shows that fewer students enrol at the second enrolment point in the academic year (February) and
so fewer runs need to be made. Table 4, which again focuses on the Introduction to Psychology course, shows
dramatically fewer runs than for the same enrolment period yet with a similar number of students.

Table 4. E-learning courses with multiple runs showing a revised approach to run creation

Unit of Learning Run date Run identifier Number of Students

Introduction to Psychology September 2004 Zwolle 59
Enschede 38
Emmen 11
Region South 135
Region North 87
Region Mid 198
Region South West 68
Region South Holland 222
Region North Holland 205
West Belgium 159
East Belgium 71

Experience gained in the period shown in table 3 showed that the collaborative aspects of the course required a
certain critical mass for success. With only a few learners in a run, as is the case with several of the runs shown
in table 3, on-line conversations were not initiated. To counter this, table 4 shows that runs have been created
which cluster study centres on a geographical basis, and recent data shows an increase in the amount of
collaboration.

Tables 1 to 4 illustrate the practical application of the concepts introduced in this article. They show the use of
different enrolment policies for different courses, both pedagogically and logistically influenced, the ability to
incorporate minor updates without resorting to the creation of a new course, and the ability to take a different
approach to delivery based on evaluation, again without having to resort to new course creation.

Conclusion

Introducing the Unit of Learning/run distinction is a simple yet effective way of achieving flexibility of e-
learning delivery while preserving efficiency and traceability of administration. Returning to the example
delivery policies outlined in the requirements analysis, we outline how each is addressed by the design:

» courses are run once only (then discontinued), with a single set of learners. The Unit of Learning which
represents the course in the abstract is mapped to a single run which is delivered once only.

» courses are run for several sets of learners for logistical reasons, such as staff resource limitations, physical
room constraints or marketing purposes. Here, the DLP creates as many runs as needed from the single
parent Unit of Learning given the specific constraints, and at the times the runs are needed.

» courses are run for (possibly several sets of) learners and the learners are divided into groups on
pedagogical grounds. This example is addressed in a similar manner to the previous one, with the DLP
assigning learners to groups (for example, teams) used in the learning design.

» courses are run only when, but as soon as, there are enough enrolled learners. This is a slightly more
complex situation but one which underlines the power of the approach described here. Runs can be created
by DLPs with appropriate constraints on “min-persons” and given the status of active. This means that
although active, the run will not start until the constraints are met. Learners may enrol at any time and are
placed into a queue until sufficient numbers are gathered, at which point an alert is issued to learners and
staff that learning can begin (the queue can of course be monitored to help with staff planning). Note that
runs will continue to be generated from the pool of enrolled learners each time the constraints are met. For
example, if “min-persons=50”, then as soon as 50 learners enrol, a run will start, and as soon as the 100™
learner enrols, a second run commences.

» courses are run for individual learners as soon as the individual’s enrolment has been finalised. Here a
single, constraint-free run is created to which enrolled individuals can be directed.
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Archiving and version management run across these examples. The Unit of Learning which is the basis for the
each of the runs remains frozen in the repository, and the link between individuals and a uniquely identified run
of a particular Unit of Learning is logged in learner administration systems. Turning to the issue of making
minor modifications to runs which are in progress, the link between a Unit of Learning and its runs is
maintained, making it possible to apply minor modifications across all runs in one action.

The design meets the three requirements outlined in the Requirements Analysis and has been implemented in a
production level environment. We believe the distinction between an abstract description and its specific
instantiations to be important for the realisation of flexibility in e-learning, particularly in multi-role and
collaborative settings, yet straightforward to implement.
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