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Learning Design: Concepts

Rob Koper

Open University of the Netherlands
Sue Bennett

University of Wollongong

1 Introduction

Crucial in any learning process are the activities that learners undertake:
reading, thinking, discussing, exploring, problem solving, etc. When learn-
ers are passive you cannot expect them to learn much. The primary role of
any instructional agent, whether it is a teacher, the learners themselves or a
computer, is to stimulate the performance of learning activities that will
gradually result in the attainment of the learning objectives. The instruc-
tional agent defines the tasks, provides the contexts and resources to per-
form the tasks, supports the learner during task performance and provides
feedback about the results. The learning activities that are needed to obtain
some learning objectives are in most cases carefully sequenced according
to some pedagogical principles. This sequence of learning activities that
learners undertake to attain some learning objectives, including the re-
sources and support mechanisms required to help learners to complete
these activities, is called a learning design.

A learning design language is a notation that describes learning designs in
a machine interpretable way. The most obvious use of such a learning de-
sign language is that it can be used to codify the learning design of a
course (as a flow of activities) and then this code is interpreted with a



runtime engine that can repeat the course over and over again for different
users in different situations, adapted to the characteristics of the individual
users in the course. When the course is designed well, the different actors
do not have to be concerned much about the management of activities and
information flow within the course: this is done automatically. Also the
adaptation rules that are specified are applied automatically and consistent-
ly within the course runs. Furthermore, the necessary content and services
are setup automatically and made available to the users at the right mo-
ment.

In this chapter we will concentrate on two questions. First, how to identify
high quality learning designs and second, how to codify these learning de-
signs in a machine interpretable way using IMS Learning Design (IMSLD,
2003).

2 High quality learning designs

Before using any learning design language, it is important to know
which learning designs are highly effective for a certain target group, a
certain domain and certain learning objectives. The Australian project of
Agostinho, Oliver, Harper, Hedberg & Wills (2002) identified high quality
designs that made exemplary use of information and communication tech-
nologies in higher education. High quality designs were defined as those
that engage learners’ prior knowledge and experiences, set learning effec-
tively within the broader context, challenged learners through active par-
ticipation, and encouraged learners to articulate their understanding to
themselves and peers (Boud & Prosser, 2002). The high quality designs
were selected because they emphasize active, constructive learning and
address the need to cater for a diverse range of adult learners. (A full de-
scription of the project and the designs collected can be found at
http://www.learningdesigns.uow.edu.au.)

In this approach a standard format is used to provide textual information
about how the design was derived from theory and/or practice, the research
or evaluative evidence to support the approach, guidance about how it
should be implemented, and suggestions for how the design might be
adapted to other learning contexts. This description is accompanied by a
graphical representation developed to illustrate the learning design as it is
experienced by a learner (Agostinho et al, 2002). An example of the for-
mat used for the graphical representation is shown in Figure 1.



This example, adapted from Bennett (2002), depicts a series of tasks
that learners typically complete when undertaking an analysis of case ma-
terials, beginning with an individual analysis in which learners develop
their own ideas, followed by small group and then whole class discussions
in which learners refine their ideas through discussion and negotiation with
other learners under facilitation by the teacher. Resources may be provided
by the teacher to support the task, as the case materials are provided by the
teacher in this example, or may be produced as part of the learning experi-
ence to be shared with others, for example the lists of key points derived
from the cases which are refined through discussion activities. The sup-
ports provided may be in the form of personal interactions with the teacher
or other students, which may occur in person or may be mediated through
information and communication technologies (ICTs). Supports may also
be provided in the form of documents, in this example as written instruc-
tions, templates and guiding questions. A timeline on the right hand side
provides an indicative timeframe for the sequence. An example of the ac-
companying text description is available in Bennett (2002).
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Figure 1: Learning design graphical representation for case analysis tasks



The learning design format makes it possible to represent any learning
experience of any granularity in the form of a document. Important to the
learning design concept is that the description communicates the general
structure and logic of the learning sequence, but does not specify either the
content or the particulars of the task or support. These decisions are left to
the instructional agent (e.g. a teacher) acting on the guidance included in
the learning design and on their understanding of their discipline and their
knowledge of their students and institutional requirements.

The strategy of using learning designs to support the design process has
its theoretical basis in case-based reasoning. Cases that describe how simi-
lar design problems have been solved have been shown to help teachers in
designing new learning experiences (Bennett, 2005). Teachers do this by
relating proven learning designs created by others to their own contexts,
and then adapting the relevant features of a design to suit their learners.
When used in this way learning designs promote a form of professional
peer learning as described by Kreber (2003) in which university teachers
are presented with new ideas that are grounded in the realities of teaching
in higher education.

In recent research into how university teachers use learning designs,
participants in a small study applied a problem-based learning design to
different learning context and their design decisions and outcomes were
recorded and analyzed (Bennett, Agostinho & Lockyer, 2005). The results
indicated that the learning design description supported the teachers’ de-
sign processes, and that the features and underpinning rationale of the
learning design was evident in the different versions developed by the par-
ticipants. The findings indicate this form of learning design was readily
understood by the participants and sufficiently flexible to be adapted to
different contexts. Further research is underway to test the learning design
concept across a broader range of disciplines.

3 Applying the learning design in online courses

The next step is to develop the learning design approach as the basis for
practical, relevant and flexible supports and tools that university teachers
need as they design for online learning. Despite an array of expert advice
and descriptive literature about online learning, many university educators
find designing effective online learning experiences a significant chal-
lenge.



Designing consists of activities, such as planning schedules, writing
course outlines, preparing materials, determining assessment tasks, and
anticipating students’ needs (Bennett & Lockyer, 2004). Designing may
involve modifying a previous course, updating material or trying new
strategies. Much of this design work occurs within the online environment
of a learning management system (LMS) for administering, designing and
facilitating online learning.

The key to using learning designs to support the design process is to
provide software tools that link directly with the LMS. This strategy will
provide support within the online environment, in the context and at the
time it is needed. Rather than provide models to be applied or templates to
be completed over which little discretion can be exercised, the strategy
will give teachers the flexibility to customize the learning design to suit
their context. This places the teacher in the mediating role of design deci-
sion maker rather than prescribing a particular approach, and seeks to fur-
ther develop their professional knowledge and judgement. The process is
depicted in Figure 2.

Software support tools Learning
Teacher's disciplinary and Unit Management
pedagogical knowledge (course I~ System
bl | IMS-LD
subject, " | document Stored on
Design support from m;f:h_lt!e, server,
learning design _activity) | Published in
library
Teacher's design process Sharing and reuse

Figure 2: Supporting the teacher’s design process

The process begins with a teacher interacting with software tools that al-
low him or her to select an appropriate learning design consistent with the
learning objectives required. While working with the learning design to
customize and adapt it for the local situation the teacher is creating a “unit
of learning’, which may be a course, a subject, a module or an activity.
The “unit of learning’, therefore, encapsulates all of the specifics of the
tasks, resources and supports, which can in turn be expressed in the ma-
chine interpretable learning design language IMS Learning Design (IMS



LD). When the design is complete, the IMS LD document can be saved
and imported into any LMS compliant with the standard.

After creating a lesson or course in an LMS and saving it as an IMS LD
document, a teacher could share it within a teaching team, institution or
digital library, allow it to be edited in any other LMS that complies with
the standard, and the new version could be saved as a new IMS LD docu-
ment. This strategy has great potential to not only make particular lessons
or courses sharable so that they can be reused and adapted by others, but
also for the learning designs on which they are based to be shared and re-
used.

4 The IMS Learning Design specification

4.1 Introduction

In the previous sections we discussed how high quality learning designs
could be derived from practice and how teachers can use learning design
tools and high-level representations. We also discussed how these designs
could be coded in IMS LD in order to be used in any compliant LMS. In
this section we will discuss the basic principles of IMS LD.

The IMS Learning Design specification (Koper & Olivier, 2004) is a
standardized learning design language that was based on the work on Edu-
cational Modelling Language (EML, 2000; Koper, 2001; Hermans, Man-
derveld, and VVogten, 2004; Koper & Manderveld, 2004) at the Open Uni-
versity of the Netherlands.

When we started to develop learning design language EML we realized
that we had to develop a meta-model of pedagogical approaches. There are
hundreds of different pedagogical models described in the literature (e.g.
see Koper, 2001; Reigeluth, 1983, 1999). There are many so-called lesson
plans shared on the Internet (Van Es, 2004) and new models, lesson plans
and best practices continue to be formulated. Modelling each separate ex-
ample and then developing tools to support it,would be a very inefficient
path to follow. For this reason we aimed at the development of a more ab-
stract notation that is sufficiently general to represent the common struc-
tures found in these different pedagogical models. With such a notation,
learning designs for concrete courses (and other 'units of learning' as they
are called in IMS LD) can be specified that are applications of a specific
pedagogical approach.



4.2 The requirements

The major requirement for the development of any learning design lan-
guage is to provide a containment framework that uses and integrates ex-
isting specifications as much as possible, and which can represent the
teaching-learning process (the learning design or LD) in a unit of learning
(UolL), based on different pedagogical models — including the more com-
plex and advanced ones — in a formal way. More specifically a LD specifi-
cation must meet the following requirements:

1. The notation must be comprehensive. It must describe the teaching-
learning activities of a unit of learning in detail and include references to
the learning objects and services needed to perform the activities. This
means describing:

« How the activities of both the learners and the staff roles are inte-
grated.

« How the resources (objects and services) used during learning are
integrated.

« How both single and multiple user models of learning are support-
ed.

2. The notation must support mixed mode (also called blended learning) as
well as pure online learning.

3. The notation must be sufficiently flexible to describe learning designs
based on all kinds of theories and so must avoid biasing designs towards
any specific pedagogical approach.

4. The notation must be able to describe conditions within a learning
design that can be used to tailor the learning design to suit specific
persons or specific circumstances.

5. The notation must make it possible to identify, isolate, de-contextualize
and exchange useful parts of a learning design (e.g. a pattern) so as to
stimulate their re-use in other contexts.

6. The notation must be standardized and in line with other standard
notations.

7. The notation must provide a formal language for learning designs that
can be processed automatically.

8. The specification must enable a learning design to be abstracted in such
a way that repeated execution, in different settings and with different
persons, is possible.

The IMS LD specification, following common IMS practice, consists
of: (a) a conceptual model that defines the basic concepts and relations in a
LD, (b) an information model that describes the elements and attributes



through which a LD can be specified in a precise way, and (c) a series of
XML Schemas (XSD) in which the information model is implemented (the
so-called 'binding’) (d) a Best Practices and Implementation Guide (BPIG),
(e) a binding document and example XML document instances that ex-
press a set of learning requirement scenarios. In the following sections we
will focus on the conceptual analysis work that informed the Learning De-
sign specification.

4.2 The conceptual model

The pedagogical meta-model that has been developed to represent dif-
ferent kinds of learning designs is at the heart of the IMS LD specification.
It provides the conceptual structure of the specification as well as its un-
derlying theoretical model (see figure 3).
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Figure 3: Conceptual structure of the LD specification

The core concept of LD, as expressed in Figure 3, is that a learning de-
sign can be represented by using the following core concepts: A person
takes on a role in the teaching-learning process, typically a learner or a
staff role. In this role he or she works towards certain learning objectives
by performing learning and/or support activities within an environment.



The environment consists of the appropriate learning objects and services
to be used during the performance of the activities. Figure 4 contains an
example of the use of these labels in a photograph of a classical learning
design: a classroom setting.

" Environment: 1| Activities:
Classroom ~ - Tell about X

= ‘ - Write on blackboard
- Ask questions
- Manage group

Tools:

Communication
Controls

Services:
- face-to-face comm.
- blackboard

Activities:

- Listen to Information
- Take Notes

- Answer questions

Role:
Student

Figure 4. Labelling a classroom setting with IMS LD concepts

You can imagine that this type of labelling is possible on any photo-
graph of any teaching-learning event, whether this is classroom teaching,
self-study, group collaborations, field experiments, etc. However, photo-
graphs are static and the teaching-learning process is dynamic, so labelling
of the visible entities is not sufficient. What is needed is an additional pro-
cess description. This process description is provided in the method section
of IMS LD. The method is designed to provide the co-ordination of roles,
activities and associated environments that allows learners to meet learn-
ing objectives (specification of the outcomes for learners), given certain
prerequisites (specification of the entry level for learners).

The method section is the core part of the LD specification in which the
teaching-learning process is specified. All the other concepts are refer-
enced, directly or indirectly, from the method. The teaching-learning pro-



cess is modelled using the metaphor of a theatrical play. A play has acts,
and each act has one or more roles or parts. Acts follow each other in a
sequence, although more complex sequencing behaviour can take place
within an act. The roles within an act associate each role with an activity.
The activity in turn describes what that role is to do and what environment
is available to it within the act. In the analogy, the assigned activity is
equivalent to the script for the part that the role plays in the act, although
less prescriptive. Where there is more than one role within an act, these are
‘on stage at the same time’, i.e. they run in parallel. Thus a method con-
sists of one or more concurrent play(s); a play consists of one or more se-
quential act(s); an act consists of one or more concurrent role-part(s), and
each role-part associates exactly one role with one activity or activity-
structure.

The roles specified are those of learner and staff. Each of these can be
specialized into sub-roles. It is left open to the designer to name the roles
or sub-roles and specify their activities. In simulations and games, for ex-
ample, different learners can play different roles, each performing different
activities in different environments.

Activities can be assembled into activity structures. An activity structure
aggregates a set of related activities into a single structure, which can be
associated with a role in a role-part. An activity-structure can model a se-
guence or a selection of activities. In a sequence, a role has to complete the
different activities in the structure in the order provided. In a selection, a
role may select a given number of activities from the set provided in the
activity structure. This can, for instance, be used to model situations in
which learners have to complete two activities, which they may freely se-
lect from a collection of five activities contained in the activity structure.
Activity structures can also reference other activity structures and external
UoLs, enabling elaborate structures to be defined if required.

Environments contain the resources and references to resources needed
to carry out an activity or a set of activities. An environment contains three
basic entities: learning objects, learning services and sub-environments.
Learning objects are any entities that are used in learning, e.g. web pages,
articles, books, databases, software, and DVDs. The learning services
specify the set-up of any service that is needed during learning, e.g. com-
munication services, search services, monitoring services, and collabora-
tion services. An example of set-up information is the specification of
which LD roles have user rights in the learning service. This, for instance,



enables automatic set-up of dedicated forums each time a LD is instantiat-
ed.

A method may contain conditions, i.e. If-Then-Else rules that further re-
fine the assignment of activities and environment entities for persons and
roles. Conditions may be used to personalize LDs for specific users. An
example of such a personalization condition could be: "If the person has an
exploratory learning style, Then provide an unordered set of all activities",
or "If the person has prior knowledge on topic X, Then learning activity Y
can be skipped".

The “If’ part of the condition uses Boolean expressions on the properties
that are defined for persons and roles in the LD. Properties are containers
that can store information about people’s roles and the UoL itself, e.g. user
profiles, progression data (completion of activities), results of tests (e.g.
prior knowledge, competencies, learning styles), or learning objects added
during the teaching-learning process (e.g. reports, essays or new learning
materials). Properties can be either global or local to the run of a unit of
learning. Global properties are used to model portfolio information that
can be accessed in any other unit of learning that is modelled with LD and
has access to the same persistent storage for property data. Local proper-
ties are only accessible within the context of a specific run of a unit of
learning and are used for temporary storage of data.

In order to enable users to set and view properties from content that is
presented to them, so-called global elements are present in LD. These
global elements are designed to be included in any content schema through
namespaces. Content that includes these global elements is called 'imsld-
content'. The preferred content schema is XHTML. Global elements can be
included in the XHTML document instances to show (or set) the value of a
property, for instance a table with progression data, a report added by a
learner, a piece of text or URLs added by a teacher, etc.

LD also contains notifications, i.e. mechanisms to make new activities
available for a role, based on certain outcome triggers. These outcomes
are, for example, the change of a property value, the completion of an ac-
tivity, or certain patterns in the user profiles. The person getting the notifi-
cation is not necessarily the same person as the one who triggered the noti-
fication. For instance, when one learner completes an activity, then another
learner or the teacher may be notified and set another activity as a conse-
guence. This mechanism can be used to model adaptive task setting LDs,
where the supply of a consequent activity may be dependent on the out-



come of previous activities. General pedagogical rules can also be imple-
mented using the combination of conditions and natifications, e.g. "If a
user has profile X, Then notify learning activity Y".

4.3 The information model and XML binding

The conceptual model is implemented as follows. A UoL is represented
as an IMS Content Package (CP). A CP has an organization part that rep-
resents how items are organized in the package. Normally the organization
part represents nothing more than a hierarchy of items, but the CP specifi-
cation allows replacement of the organization structure by any other struc-
ture. In IMS LD the organization part of a CP is replaced with a <learning-
design> element (figure 5).

Regular IMS& Content Package IMS Unitof Learming
Package Unit of Learning
Manifest Manifest
leta-data Meta-data
Organizations: Crganization CrganizationsLearning Cesign
Resources Resounce Resources Resourcs
(zubiManifest [zub)Mani fest
Physical Files Physical Files
The actual cortert; HTML, Media, The actual contert: HTML, Media,
Activity descriptions, Collabo ration Activity descriptions, Collaboraion
and other files and ather files:

Figure 5. In IMS LD the organization element of a regular IMS Content
Package is replaced with the Learning Design elements

The <learning-design> element is a complex structure that includes el-
ements that represent the conceptual model already outlined. The details of
these elements are detailed in the Information Model document, together
with their behavioural specifications.

The learning design elements have an XML schema binding that can be
represented as the tree in figure 6.
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Figure 6. The LD schema represented as a tree.

The properties, activities and environments of the components element
and the conditions of the method element all, in turn, have complex sub-
structures but these are not shown here for the sake of simplicity.

A distinction is always made between the package (reflecting the UoL at
the class level) and the run of that package (an instance). In creating in-

stances from a package, some customization and localization may typically
take place.

A UoL package represents a fixed version of a UoL, with links to the
underlying learning objects and service types. It may contain further XML
document instances valid against the other appropriate schemas (IMS LD,
IMS CP, IMS QT], etc) along with the physical files that are referred to in
a fixed version and URIs to other resources, including services. Such a



package can be instantiated and run many times for different learners in
different settings. If desired, it can also be adapted prior to instantiation in
order to reflect local needs. This will create another version of the UoL
and accordingly another UoL package.

5 Interpreting IMS LD

When a UoL is specified in IMS LD the result is a zip file. Running this
zip file requires a runtime engine that handles at least the following five
tasks:

1. A validation of the zip file to ensure that only valid IMS LD is
processed. Validation includes both technical and semantic checks
and the validation results are reported.

2. Creation of one or more instances of the zip-file (this is called a
‘run’).

3. Assignment of persons to the specific roles in the run and setup of
the required communication and collaboration services like fo-
rums, chats, wikis.

4. Interpretation of the IMS LD and delivery of personalized and se-
guenced learning activities, content and services according to the
rules defined in LD. This is achieved by keeping track of the us-
er’s progress and settings.

5. The concept of a run is described in (Vogten et al, 2005, 2006;
Tattersall et al, 2005) and is comparable with parallel classes in a
school. A school may have different parallel classes: each with the
same objectives and content, but with different learners and teach-
ers. The same classes (runs) are also repeated year after year with
different students (and sometimes different teachers), although the
versions of the learning design may be adapted in between differ-
ent runs. So, a run is an instance of a course with specific learners
and teachers and is executed in a specific timeframe.A runtime en-
gine must be able to setup and manage runs of UoLs packages.

An IMS LD runtime engine must be able to interpret every IMS LD zip
file package. The challenge is that LD is a declarative language, meaning
that it describes what an implementation must do, it does not specify how
this should be done. Furthermore, LD is an expressive, i.e. semantically ,
language that enables expression of learning designs in a clear, natural,
intuitive and concise way, closest to the original problem formulation. This



expressive and declarative nature complicates the implementation of an
engine that can interpret the specification. For this reason we implemented
an open source runtime engine, called CopperCore (Martens & Vogten,
2005; see also www.coppercore.org) to serve as a reference implementa-
tion of IMS LD handling. CopperCore can be used by any LMS to handle
LD packages or be used as an example for the recoding of an LMS native
runtime engine.

The CopperCore runtime engine does not provide user interfaces: it only
provides APIs to build a dedicated user interface. For demonstration pur-
poses CopperCore is provided with a simple user interface (CopperCore
Player, see figure 7), but a better implementation of a player is the SLED
player (see McAndrew, Nadolski & Little, 2005; see also source-
forge.net/projects/Idplayer).

Figure 7. The CopperCore Player

6 Conclusion

In this chapter we have introduced the basic concepts in the field of learn-
ing design research. We defined what learning designs are, how high quali-
ty learning designs can be identified and described, how learning designs
can be coded in IMS LD and how IMS LD code can be interpreted by a
runtime engine and presented by a LD Player.



In the conclusion of this chapter we will now concentrate on the issues that
have been identified and studied in the past three years. These issues are
summarized from the research of many different researchers, for example
those who have reported their work in two special issues of journals
(JIME, 2005 and ET&S, 2006), an edited book (Koper & Tattersall, 2005)
about IMS LD and international conferences such as ASCILITE and
ICALT. The issues are summarized below.

The first issue is related to the identification of high quality learning de-
signs. One of the ideas in this area is to identify and use learning design
patterns. These patterns can be used to support learning designers to de-
velop high quality learning designs in specific areas by combining and
adapting several patterns to a course. One direction of research is to search
for solutions to derive these patterns from effective IMS LD coded cours-
es. A pattern detection mechanism will then analyze the code to look for
patterns (Brouns et al, 2005). Another approach is to capture best practices
and learning design knowledge of teachers using textual descriptions and
graphical representation that can be readily understood by other teachers
(e.g. the approach described by Agostinho et al (2002) and further devel-
oped by Bennett et al (2005)).

The second issue is the development of learning design authoring tools.
This includes the following issues:

a) The development of a graphical representation for learning designs, like
the ones found in MOT+ (Paquette et al, 2006), LAMS (Dalziel, 2003) and
ASK-LDT (Karampiperis & Sampson, 2005). Also the representation of
learning designs that is described in figure 1 is an alternative.

b) The support for reuse of the learning design knowledge of teachers and
experienced instructional designers (Hernandez-Leo, Harrer, Dodero et al,
2006).

¢) The question how learning designers should be supported with tools and
how teachers should be supported with tools in specific contexts (i.e. that
support the teacher as a designer, Bailey et al, 2006; Bennett at al, 2006);
d) The integration of learning design and assessment editors (e.g. IMS
QT in a single authoring environment (Vogten et al, 2006; Giacomini
Pacurar et al, 2006; Joosten-Tenbrinke et al, in press).

The third issue is the further development of learning design players. This
includes the following issues:



a) How to integrate the variety of specifications (e.g., IMS LD, IMS QTI,
SCORM, IMS LIP) and the connections to other systems in an e-learning
infrastructure (student administration, portfolio systems, financial systems)
into a single, easy to use learning environment? (Van Rosmalen et al,
2006)

b) How to instantiate and integrate communication and collaboration ser-
vices that are called by IMS LD, e.g. forums, wikis, chats (Weller et al,
2006; Vogten et al, 2006))

¢) How to design a usable, powerful and flexible graphical user-interface
for a player environment?

d) How to integrate IMS LD into existing Learning Management Systems
like Moodle, Blackboard, dotLearn and LAMS (see for instance Berggren
et al, 2005)?

e) How to integrate learning design authoring systems and learning design
players, including the question how to deal with runtime adaptations (Zar-
raonandia, Fernandez, & Dodero, 2006)?

f) How to use an integrated set of learning design tools in an integrated
way in a variety of settings e.g. in universities, training, blended learning
(Sloep et al, 2006).

Furthermore, there are several additional issues to mention, such as pro-
posals to change the current XML schema binding to an ontology language
like OWL. Amorim et al (2006) and Knight et al (2006) propose such a
binding to integrate learning objects and learning designs to represent spe-
cific pedagogical approaches and to build software agents that operate on
the learning design knowledge to support in the development of units of
learning. A last point to mention is the work in the area of the evaluation
of the expressiveness of IMS LD (Caeiro-Rodriguez, 2005; Van Es & Ko-
per, 2006).
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