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Introduction

Interaction is central in learning processes (Moore, 1992; Ohl, 2001). E-
learning systems can act as mediators in the interaction between the
learner and her or his environment, i.e. content, peers, and instructors.
Engaging the learner in a learning process through interaction is a cen-
tral element of successful learning design (Sims, 1997). The current
predominant focus on knowledge transfer in e-learning is partly a result
of a lack of interactive multimedia technologies. With the recognition
of skills training as being equally important to knowledge acquisition,
more work has recently been done on activity-based learning and train-
ing supported by interactive multimedia technology (Trikic, 2001). With
recent advances in multimedia and Web technologies, a shift from
purely knowledge-based learning towards activity-based learning and
training can be observed (Okamoto et al., 2001).

Interactive Web and multimedia technologies are enablers of support
for skills-oriented training in learning technology systems in addition to
knowledge-based learning. In particular in e-learning environments, the
learner-content interaction is often more central than the learner’s in-
teraction with instructors and peers (Ohl, 2001). The focus here is on
the development of active learning objects based on interactive educa-
tional multimedia. In a wide range of areas, training of activities and
skills is of paramount importance. Advanced uses of multimedia, in
particular interactive educational multimedia is a technical solution that
can support activity-based e-learning and e-training (Elsom-Cook,
2001). Active learning is characterised by knowledge- or skills-level
interaction of the learner with e-learning system and content, i.e. goes



beyond the typical navigation and delivery management interaction.
The input of the learner in interactions is meaningful in the context of
the subject. Activities such as interactions between learner and instruc-
tor or collaborations between learners are neglected here.

Current approaches for knowledge transfer-oriented learning and their
development do often not apply in this new context. Support frame-
works for multimedia development for e-learning environments exist
(Heller et al., 2001). However, the focus of these frameworks is mainly
on knowledge acquisition. Understanding the requirements of activity-
based learning and training and techniques to develop interactive edu-
cational multimedia are thus needed. Both developers (for instruction
and software) and instructors need support for the development and
deployment of this type of learning and supporting technology.

This chapter presents experience with the development of online active
learning and training applications in a constructive form as a develop-
ment framework. The aim is to guide the development of an activity-
centred e-learning or e-training system for developers and instructors
or the selection process of a suitable system needed by an instructor.
The role of the instructor in the development process is explained. The
focus is on interactive content development, based on a sound learning
design. Those aspects that distinguish the development of media-based
learning objects for active learning and training from classical knowl-
edge-oriented learning and learning objects development are empha-
sised. The framework is illustrated using a third-level Web-based com-
puting course in which an integration of various learning and training
activities ranging from controlled animations to graphical modelling
and text-based programming activities in a realistic setting is essential.
This system — a database learning environment called the Interactive
Database Learning Environment IDLE — is a typical example of a wide
range of online learning systems that support activities through anima-
tions, simulations, and other forms of processing.

Literature Review

The focus of this chapter is on activity-based learning and training.
Active learning plays an important role in recent instructional design
approaches. Learning, however, is not an activity. It is a cognitive proc-
ess that is rather a by-product of understanding (Mayes & Fowler,
1999). This cognitive dimension cannot be directly addressed using a



software tool. Essential elements of the learning experience, like direct
interactions between learner and instructor or other learners, are miss-
ing. Activity theory can explain the role of the e-learning system in this
context. Learning can be seen as a process in which learners actively
construct knowledge and acquire skills. In the context of computer-
supported interactive learning and training environments, the role of
this computer environment is that of a tool that mediates the interac-
tion between learner and content. Activity theory is a conceptual
framework that can describe the structure, development, and context of
computer-supported learning activities (Nardi, 1997). The emphasis on
the interaction between learners and their environment explains the
principle of tool mediation. Tools shape the way humans interact with
reality. Educational tools reflect experiences learners and instructors
have made in trying to solve particular problems. The learner should be
engaged in solving meaningful problems in an activity-based, tealistic
setting.

Learning should be an active process in which interactivity is central
(Northrup, 2001). Moore (1992) distinguishes three types of interactiv-
ity — learner-learner, learner-instructor, and learner-content interactions.
It is often argued (Sims, 1997; Ohl, 2001) that content has a more cen-
tral function in computer-based education than interaction with peers
or instructors. The focus here is on learner-content interactions, where
content is provided in the form of interactive multimedia. Learner-
content interaction in computet-supported learning and training actu-
ally occurs as interaction with the interactive multimedia features
(Boyle, 1997). Educational multimedia systems are usually hypermedia
systems providing structure through hierarchy and guidance for learn-
ing tasks through navigation topologies (Jonassen & Mandl, 1990).
Crucial for educational multimedia are the multimedia interface and the
interaction dialogues a multimedia system allows through channels
(text, mouse, etc.) and languages (natural, formal, etc.).

The virtual apprenticeship model (Murray et al., 2003) is a pedagogical
theory — based on the activity model — that defines an activity-based
and skills-oriented learning and training framework for the IDLE sys-
tem. An apprentice is a learner who is coached by a master to perform
a specific task. In an e-learning and training environment, the mastet’s
role is often replaced by an intelligent software tool such as IDLE. The
apprenticeship model determines a number of aspects including the
activity purpose and the degree of involvement, interaction styles (e.g.



the organisation of learning into sessions and cycles), and the intercon-
nectedness of activities and features. The virtual apprenticeship model
puts an emphasis on skills-oriented activities with a high degree of in-
volvement of the learner.

Usability is central in user-oriented systems such as interactive, multi-
media-based e-learning systems that supports active learning. Technical
and pedagogical usability can be distinguished as two aspects of usabil-
ity (Melis et al., 2003). Technical usability aims at enabling trouble-free
interaction of the user with the system. Pedagogical usability facilitates
the learning process. In the context of e-learning systems, technical
usability should enhance the pedagogical usability. Usability in both
forms needs to be a central design and also evaluation focus for both
developers and instructors.

The development of an e-learning system is a software development
process that is heavily influenced by the specific context of the applica-
tion domain, e-learning. Some process models to guide and structure
the development process have already been proposed. Heller et al.
(2001) have focused on the multimedia perspective, which is important
for learning content development. Virvou and Tsiriga (2001) have used
object-oriented software development, a very common software engi-
neering methodology, to develop e-learning systems. Boyle (2003) fol-
lows a similar direction by combining object-oriented development
methods with pedagogical principles for his development process
model. None of the existing approaches, however, has addressed the
specifics of active learning. In order to make a software process model
accessible for domain experts, the process model also needs to be em-
bedded into a learning-specific conceptual framework. The develop-
ment of these systems requires the joint participation of software de-
velopers and instructors as domain expert in this process

Case Study

IDLE is the Interactive Database Learning Environment — a Web-
based learning and training system for database modelling and pro-
gramming. IDLE is based on the virtual apprenticeship model, which
emphasises skills-oriented learning activities. The system acts as a me-
diator between a learner and interactive content in a realistic training
environment. This case study aims to illustrate the importance of a
systematic development approach for e-learning systems development



and deployment and focuses on aspects that are often ovetlooked.
Various forms of learning and training activities and how they can be
supported by interactive multimedia are illustrated.

IDLE Overview

An interactive learning and training environment for SQL database
programming is embedded into the online courseware system IDLE.
Focussing on the SQL element illustrates the interactivity aspects. The
SQL part forms a central part of this course as database programming
is one of the core learning objectives of the course. Programming is a
skill that needs to be trained by the learner. Moreover, this course is
also an introduction to database engineering. Therefore, understanding
and mastering the overall development process of a database applica-
tion is equally important. Database programming in SQL also requires
conceptual understanding of the underlying data model with its struc-
tures, operations, and constraints.

Solutions to programming problems, which are presented as a guided
tour through the material, can be submitted through a Web interface to
a remote database server, which executes the input and replies with
data from a database, or error messages. Scaffolding in form of feed-
back, self-assessment functionality, and links to background material is
available. The tutorial prepares the learner for coursework, such as lab
tests and projects, and final exams. The IDLE system aims at providing
the learner with a realistic learning context by integrating features and
problems into a learning environment that are similar to tools and tasks
that would be faced by a database engineer in a real development sce-
natio.

Classification of IDLE Features

Four different features for the different aspects of database program-
ming are provided:

*  Conceptual knowledge. Conceptual knowledge is presented in a
virtual lecture system. The learners use an audio-visual presentation
that presents the conceptual background. Recorded speech of the
lecturer is synchronised with material in overhead form. Learners



can control this lecture-style presentation through the usual interac-
tive features of an audio player.

"  Procedural knowledge. SQL is about the execution of instructions.
Procedural knowledge is presented in an animated tutorial system.
SQL is a language that implements different database operations.
An animated tutorial using flash animations illustrates the execution
of these operations is a step-by-step fashion using examples. Learn-
ers can execute these operations in small steps. Animated tutorials
are particularly useful to illustrate operations that are sometimes
conceptually difficult to understand.

=  Programming skills. SQL programming is the core activity, sup-
ported by an interactive tutorial that guides the learner through ex-
ercises to be worked on within the system. SQL queries are often
complex and difficult to formulate. Queries are supported through
an interactive tutorial. The tutorial guides a learner through a se-
quence of exercises with increasing difficulty. Each unit addresses a
particular aspect of SQL querying. The feature provides an input
interface for each exercise where a learner can type in an SQL solu-
tion and submit this solution to a remote database server that exe-
cutes the query and returns the result. Syntactic and semantic feed-
back is available. This feature provides links to the relevant back-
ground material (conceptual and procedural knowledge features).

*  Development skills. SQL programming is part of the overall data-
base application development process, which supported by an inte-
grated lab environment with modelling, programming, and analysis
features. The development of a database application is a multi-stage
process including the stages modelling, programming, and analysis
and optimisation. The database course environment provides inter-
active, integrated lab features for all three activities. The learner is
provided with a workspace in which s/he can create and store a
data model, which is interconnected with the other features. An in-
tegrated, realistic lab environment that resembles features of data-
base development environments is the central feature.

Conceptual understanding of principles and concepts is of course re-
quired before practical work can start. However, the aim of the tutorial
system is to allow learners to go quickly into the practical features by
supporting a learning-by-discovery style, allowing them to acquire skills,
but also to construct and deepen their conceptual knowledge through



activities in meaningful and realistic problems. Consequently, the prac-
tical features are well linked to the respective background.

An Interaction Space — Activity and Interaction in
Learning and Training

This design section introduces an activity and interaction design
framework — called an interaction space — focussing on learning activi-
ties and training. Mapping learning and activity types onto the most
suitable media type is an essential step that shall be illustrated by the
IDLE implementation. Central is a classification of learner activities
based on various aspects such as learning purpose (knowledge or skills)
or degree of involvement. The classification is illustrated by different
activity types supported within IDLE. This section focuses on early
design stages, drawing attention to some aspects that are sometimes
ignored, before classical learning design instruments would be de-
ployed. This is a stage where in particular instructors are highly in-
volved as domain experts.

Active Learning

In IDLE, database application development provides a meaningful
problem that requires a learner to develop and deploy a database appli-
cation with its structural and operational elements within the learning
environment. The database courseware system shall create a realistic
setting by integrating tools into a learning and training environment
that resemble tools of a real database development environment. Mod-
elling, programming, and analysis features interacting with an enter-
prise-scale database server can provide a realistic setting. IDLE is a
software tool that facilitates these activities in a guided learning process.
Learners learn to solve problems in a dialogue with the system.

The following instructional guidelines, developed by domain experts,
have served as requirements for the IDLE system development in or-
der to enable active learning and training in a pedagogical framework
defined by activity theory:

®  The active participation of the learner is essential.

® Active construction of knowledge and skills results in an increased
ownership of the learner in the learning process.



®  Meaningful projects allow learners to acquire skills and experience
in database programming and development.

® A realistic setting improves the learning experience and demon-
strates the applicability of knowledge and skills.

* Guidance and feedback provide instructional support in the
environment.

Activities such as programming are at the centre of the IDLE learning
and training strategy. However, supporting the learner through scaf-
folding, e.g. guidance and feedback, is equally essential from the in-
structional perspective (McLoughlin et.al., 2000). In addition to mediat-
ing between learner and database tools, the environment must fulfil
functions of the instructor. The environment needs to replace central
tasks of the instructor in form of a virtual master that guides a learner
through exercises and that provides immediate feedback on activities.
Again, instructors can provide crucial input here. Each learning and
training activity needs to be complemented by links to the background
(conceptual and procedural knowledge in form of virtual lectures and
animated tutorials) relevant and problem-related for the activity in
question.

Interaction Model

The learning and training activities facilitated by educational multimedia
interactions between learner and content shall be captured in form of
an interaction model for learning activities. The aim of this interaction
model is to support the design of educationally sound interactive learn-
ing activities. A taxonomy of activity types is a central element of this
interaction model that helps to categorise activities at an early stage.
The categorisation provides the developer and instructor with pointers
to best practice, since each category is usually implemented in a specific
way. Two aspects of activity types — purpose and involvement — that
help to describe activities can be distinguished.

Three activity types can be defined based on the purpose of the learn-
ing process:

®  Declarative knowledge acquisition activities: the aim is the acquisi-
tion of declarative knowledge in order to reason about it.



®  Procedural knowledge acquisition activities: the aim is the acquisi-
tion of procedural knowledge in order to reason about it.

= Skills acquisition activities: the aim is the acquisition of procedural
knowledge and experience in order to perform the instructions.

The second category is important in particular in the sciences and engi-
neering domain where an understanding of the subject activities is re-
quired for a learner.

The style of the activity execution can be characterised based on the
degree of involvement and influence of the learner on the environment.
Types ranging from system-controlled to learner-controlled environ-
ments can be distinguished:

®  Observation: a form of knowledge acquisition with no influence on
the environment activities by a passive learner.

* Controlling: a form of knowledge acquisition mixed with knowl-
edge production, based on observational elements, but allowing the
learner to influence the environment activities to control their ot-
dering,

"  Creation: a form of activity where knowledge or skills are created
by producing some form of artefact that can be processed by the
learning environment.

The individual types for each of the categories are not meant to be
exclusive — a more fine-granular classification can replace the above
types if needed. Often the two aspects of activity types are related.
Declarative knowledge is often acquired through observation, proce-
dural knowledge for reasoning purposes through controlled animations,
and skills through artefact creation and processing. The learning-by-
doing idea is part of the IDLE active learning approach. It captures the
interplay of knowledge acquisition and knowledge creation in an inter-
active process with the learning environment. This focus is widened in
IDLE by considering knowledge acquisition on the one hand and skills
and experience acquisition on the other hand as dual sides of learning
and training.

In an interaction model, the activity model is the central element that
defines content interactions, but which is complemented by two other
aspects: goals, which are meta-level descriptions that define the learning



objectives of an activity, and knowledge objects, which capture the
knowledge underlying each activity in declarative and procedural form.

The ultimate objective at this development stage is the identification
and the design of interactive learning objects that implement the activi-
ties in question and allow the learner to achieve the goals defined
(Boyle, 2003). The interaction model — consisting of activities, their
goals, and the underlying knowledge objects — helps the instructor and
content developer to gather the required information.

Choosing the virtual apprenticeship approach as the underlying peda-
gogical framework is the first main IDLE design decision, which de-
fines the context for the interaction model. Based on this decision, the
characterisation of individual activities, like the SQL programming
described above, can start.

The main IDLE activity categories in terms of the interaction model
are summarised in Table 1. Further categorisation is, however, neces-
sary for a detailed design. For instance, the lab activity could be refined
into specific activities such as graphical design, programming, or opti-
misation. In terms of learning objects — learning object identification is
the central objective at this stage — the aim is representing each activity
in Table 1 by a composite learning object. This example illustrates the
need to involve instructors in this process. Within each of these com-
posite learning objects, individual object will address specific topics.
One of these specific activities shall be illustrated now, looking in par-
ticular at the interactions between learner and learning objects and at
the composition (sequencing) of smaller activities.

Activity Activity Type (Purpose) | Activity Type  (Involve-
ment)
lecture participation declarative knowledge | observation
acquisition

tutorial participation | procedural knowledge | controlling
acquisition

lab participation skills acquisition creation

Table 1. Some IDLE Activities and their Types based on Learning Purpose and
Degree of Involvement




One of the skills acquisition activities in the IDLE system is SQL data-
base programming, which has the goal of equipping learners with the
ability to formulate complex database queries. Integrated with a data-
base system, the learner — a virtual apprentice — works through guided
material covering a range of individual problems. Each problem is
based on a submission- and execution-cycle with a high degree of in-
volvement of the learner through knowledge creation. Each solution —
content-specific knowledge that is created by the learner — is analysed
and, based on an individual activity history and integrated assessments,
personalised feedback is given by a virtual master. At this level, the
concern is the abstract classification of learner activities from the
interaction model in order to design the learning object. For the
database course IDLE the central design decision at this level is to
focus on an integrated approach with a strong support of skills training
activities. Detailed design could be supported by classical storyboarding
approaches, which would develop generalised learning scenarios that
can be used as a communications medium between software, content,
and instruction developer.

An Interaction Infrastructure — Interactive Educa-
tional Multimedia

This implementation section discusses the technical aspects of interac-
tive educational multimedia in the context of interaction for activity-
based learning and training. Technical notions such as channels and
interface languages shall be introduced as central aspects of educational
multimedia that explain interactions between learners and content.
Designing active learning and training in terms of abstract media con-
cepts is central for the correct and successful implementation of the
learning design from previous stages.

Interactive Multimedia

Interactive multimedia for activity-based learning and training can be
distinguished into interaction with knowledge media and with activity
media. Activity-based training focuses on skills-oriented activities, but
needs to be integrated with knowledge learning aspects. Knowledge
media focus on knowledge information to be communicated. Activity
media focus on knowledge-based artefacts that are produced and proc-
essed in activities. The purpose of interactive educational multimedia is
twofold:



* In addition to knowledge-level interaction, domain-specific activi-
ties need to be facilitated, i.e. activity-level interaction with educa-
tional multimedia feature through artefacts and instructions has to

be enabled.

® The instructor can be replaced by a virtual form of an intelligent
educational multimedia feature that provides advice and feedback,
thus adding more meaning to the interaction.

Educational multimedia can be classified through different metadata
facets:

= Channels are abstractions of a communication device, characterised
by modality.

= Languages enable the encoding of information in a common nota-
tion for the communication over a channel.

®  The activity purpose distinguishes whether declarative knowledge
reasoning, procedural knowledge reasoning, or skills acquisition is
aimed at.

®  The activity style allows the classification of activities into observa-
tion, controlling, and creation, which describes the degree of influ-
ence of a learner on the environment.

® The content topic is the topic or domain within which activities or
knowledge-level access is provided.

Learning objects have been used as a design notion in the previous
section. These learning object designs and their underlying activities
need to be implemented, which is mainly the work of a software or
content developer. The focus here is on learning objects that realise
learning activities as learner-content interactions. In particular the me-
dia to implement activities are of central importance. The term interac-
tive educational multimedia (IEMM) shall denote media types especially
suited to implement active learning objects. A number of standard
mappings between activities and media types have emerged:

® Lecture participation (aiming at declarative knowledge acquisition)
is often suitably implemented by audio-visual presentations.

= Tutorial participation (aiming at procedural knowledge acquisition)
is often suitably implemented by animations.



= Lab participation (aiming at skills acquisition) is often suitably
implemented by simulation or execution of activities.

Specific media types allow for the appropriate level and degree of inter-
action. Determining the most suitable media type and the interaction
with the medium is the central activity at this stage. The following clas-
sification scheme and the investigation into interaction channels in the
remainder of this section support this process to see a learning object
as an interactive multimedia object and it helps to map designs to im-
plementations.

IDLE supports three classical forms of third-level teaching — lectures,
tutorials, and labs — in a virtual format. These three forms can be de-
scribed using the facets of the educational multimedia classification
scheme — see Table 2, which shows how some selected learning activity
styles for particular topics are mapped onto multimedia features. For
example, a simulation can be a subcategory of a moving pic-
tures/images language. However, the elements of simulations can be
identified and have meaning in the context of content (e.g. tables or
records in the database context). Equally, operations (simulation activi-
ties) are represented as procedural knowledge.

Facet | Channel Langnage | Punpose Type Knowledge

Activity Object

lecture | text and | natural declarative | observa- introduction
audio language | knowledge | tion to databases

tutorial | dynamic | simulation | procedural | controlling | relational
animation knowledge algebra

lab text formal skills creation SQL

language | training

Table 2. Sample IDLE Media Classification

Interaction Channels

Multimedia is about channels and meaningful communication along
these channels. Often, a natural language such as English is used over a
text channel (written English) or over an audio channel (spoken Eng-
lish). For this context, a number of education-specific channels can be



identified — supporting partly more formal languages, partly languages
specific to the subject or instruction context. Two types of channels
can be distinguished — those that support core content-oriented learn-
ing activities and those that are part of the meta-context of instruction;
the latter including instruction-related learner actions and coaching
actions by a master or instructor.

* Declarative knowledge (supporting core activity): declarative
knowledge usually communicated in a domain-specific natural or
formal language.

* Procedural knowledge (supporting core activity): procedural
knowledge usually communicated in a domain-specific natural or
formal language.

= Skills (supporting cote activity): artefacts to be processed in form
of activities are communicated with corresponding execution in-
structions.

* Actions (supporting meta activity): instruction-related actions exe-
cuted by the learner, typically navigation or location of learning ob-
jects.

® Feedback (supporting meta activity): response of the system for
each core activity.

*  Coaching (supporting meta activity): meta-level information captur-
ing an instructor’s advice and guidance.

Multimedia interface languages capture and constrain the channel
communications. A language defines the interaction dialogues; it de-
scribes the legal actions, how a learner can engage in an activity or how
a learner can perform a task towards a learning goal.

The IDLE channel and language characterisation in Table 2 is high-
level. These two aspects can be described in more detail. Table 3 pro-
vides a channel-oriented view on IDLE; it lists the educational channel
types and some sample features that are based on these channels.

Channel Feature Activity Langnage

declarative | database HMTL and audio- | natural language

knowledge | introduc- based  synchronised | (written and
tion lecture | virtual lecture spoken)




procedural | relational interactive simulation | formal language

knowledge | algebra of algebra operator | (interaction -
animation execution animation  con-

trol)

skills SQL submission of query | formal language
program- solutions and dynamic | — SQL (solution
ming lab page update by system | and result)

action SQL tuto- | guided tour through a | formal language
rial naviga- | series of connected | (interaction -
tion exercises navigation)

feedback SQL  pro- | correction and provi- | semi-formal
gramming sion of partial solu- | language (error
lab tions for exercises classification)

coaching self- multiple choice qu | natural language
assessment | estions and virtual | (written)

mastet’s feedback

Table 3. Sample IDLE Media Channels

Interaction Specification

Languages for the educational context can be classified based on con-
tent-related aspects:

® Natural languages — in text or audio form — are often the basis of

content.

* Formal languages — in text form — are often involved if some form
of mechanical computerised processing is part of the subject do-

main.

»  Simulations — automated execution of some real-world activities —
are based on objects and procedures from the subject domain.

Besides the content aspect, dialogue and interaction patterns form the
instructional aspect addressed by interface languages. On the most
basic level the learner interacts with multimedia usually through key-
board- and mouse-based input; output can be static visual (text, graph-
ics), dynamic visual (animations, video), or involving other modalities
such as audio. The basic inputs are part of low-level activities such as




navigation (knowledge acquisition request) or text input/submission
(knowledge generation). A learning activity can be composed of more
basic activities. The dialogue part of an interaction language consists of

® basic activities like select (knowledge acquisition by learner), submit
(knowledge generation by learner), reply (response to knowledge
acquisition/generation);

" activity combinators like sequence, iteration, choice;

= system components such as learner and multimedia learning ob-
jects in an e-learning architecture.

An example shall illustrate how this language is used to express abstract
interaction behaviour between learners and learning objects. The ex-
pression
iterate
sequence of

LR select(exercise)

LR submit(solution)

LO.reply(result)

is the interaction specification of an exercise activity scenario. A lan-
guage needs to facilitate declarative and procedural knowledge commu-
nication, skills-oriented activity execution, learner actions, and meta-
level pedagogical interactions (coaching). The select activity denotes a
learner action; submit and reply support skills-oriented activities; reply
could, in addition to results for e.g. SQL submissions, also convey
meta-level feedback and coaching. This specification distinguishes be-
tween learner (LR) and multimedia learning object (LO). For instance,
the SQL multimedia lab system replies with a result that includes the
result of the execution of the previously submitted solution and addi-
tional feedback for the learner.

Interaction is actually central in two dimensions, of which one only has
been looked at so far:

® Interaction between learner and learning object — which has just
been looked at — is based on multimedia interactions. A simple no-
tation for the abstract interaction specification was illustrated,
which can serve as a basis for the media implementation. Here plat-
form and media-type specifics need to be applied. For instance, the
Web provides the required submission and reply mechanism in
form of HTML forms and HTTP protocol operations.



* Interaction between learning objects — both intra-learning object
and inter-learning object sequencing — is based on hypermedia
navigation. The learner interacts with the system by navigation
through the multimedia learning objects based on an educationally
sound navigation infrastructure defined by the instructor.

The second category is usually supported by platform-specific lan-
guages and implemented in form of HTML links. Although for in-
stance SCORM sequencing (ADL, 2004), one of the most widely ac-
cepted standard for learning technology, is a language to define instruc-
tional sequences, platform-specific notations are ignored here, as these
are not specific to activity-based learning and training.

Case Study Evaluation

Case Study Deployment

The case study system is actually in use since 1999 to support a data-
base course in an undergraduate computing degree and has been ex-
tended since then substantially. The IDLE system has been continu-
ously evaluated since 1999. More than 1000 students from computing,
mathematics, and engineering degree programmes have used the system
so far. IDLE is an e-learning system supporting an on-campus course.
In order to understand whether the proposed development framework
actually results in an effective e-learning solution can only be decided
by carrying out a thorough evaluation of the developed system as the
product and also the development process. While software and multi-
media aspects such as maintainability and cost-effectiveness are impor-
tant (and will be discussed), the educational perspective focussing on
learner behaviour, effectiveness, and the learning experience, which are
ultimately the decisive criteria, shall be looked at first.

Evaluation Approach

Whether learners actually use an e-learning and training environment as
expected by the instructor is often a question that is difficult to answer.
Learner behaviour in tool-mediated environments is determined by the
learners’ motivation, their acceptance of the pedagogical approach and
the technical environment, their learning organisation, and their activi-
ties in the environment. This evaluation should extract factors that
make learning successful for the learner and behaviour accountable and



predictable for the instructor. Success shall be defined in terms of the
learner’s acceptance (reflected directly though survey data and indirectly
through usage data) and effectiveness in terms of high levels of attain-
ment. Meta-level indicators such as motivation and acceptance and
analyses based on interaction patterns such as learning organisation and
usage are distinguished as the main aspects of the evaluation.

The behaviour of learners in e-learning environments is influenced by
the meta-level indicators ‘motivation to use the system’ and ‘acceptance
of the approach’.

*  Motivation, the reason to do something, causes the learner to act in
some planned and organised way, giving the activities a purpose. It
explains when and what purpose learning and training resources are
used for.

= Acceptance, i.e. to follow the learning approach and use the system
willingly, is crucial for the introduction of new educational technol-
ogy. It can be explained in terms of surveys and observations about
frequency and regularity of usage.

These two factors ate usually not the decisive ones, but they provide
nonetheless valuable insights and allow the interpretation of other ob-
servations.

Two aspects of the learners’ interaction behaviour within the learning
activity can be distinguished. Firstly, the learning organisation addresses
the study habits and captures how learners organise their studies over a
longer period of time. Secondly, the usage of the system captures single
learning activities and embraces how the learner works with the system
in a single study session.

®  Organisation — the way activities are planned and put into logical
order — reflects study habits and is guided by the learning purpose.
It looks at large-scale interaction patterns.

= Usage — the way the system is used — reflects the actual learning
activities of the learner. It looks at small-scale interaction patterns.

Only abstracted patterns of interaction provide an insight into general
system usage.



Learner Behaviour and Effectiveness

The instruments for the behaviour analysis include survey methods to
address motivation and acceptance and Web usage mining techniques
to capture organisation and usage in a Web environment (Pahl, 2004).
This combination of methods provides a more complete and accurate
picture than uses of survey and learner observation or learner tracking
features available in various teaching and learning platforms.

Motivation. There is a very clear preference for coursework prepa-
ration as the main motivation. A Web log analysis shows that the
SQL lab feature is mainly used to support coursework and to a
lesser extent for exam preparation, which confirms the survey re-
sult. More insight into the motivation of the learner’s study organi-
sation comes from a question regarding the main values of a virtual
system — ‘always available’ and ‘self-paced learning’ are seen as the
key advantages.

Acceptance. Learners have indicated an overall acceptance of tool-
mediated active learning as the pedagogical approach. Comparing
traditional and virtual tutorials gives a more differentiated view on
acceptance. No favourite emerges; this clearly demonstrates that
learners accept virtual tutorials as equally suitable and effective.
Another indicator for the acceptance of the approach of self-
directed active learning is reflected by frequent and regular usage of
the system. While usage mining shows that the tutorial system has
not been used frequently and regularly over the whole term, it has
however been used intensively in certain periods to fulfil a particu-
lar purpose.

Organisation. The study organisation — the self-paced learning
aspect — shows a just-in-time learning approach of learners with
high usage immediately before coursework deadlines and examina-
tions. Web usage mining can give us a clearer picture about the or-
ganisation. Session classification allows us to determine the purpose
of learning sessions, for instance, attending virtual lectures or prac-
tising in virtual tutorials, and to compare the session purposes of
different periods. Interactive services are heavily used during term,
but less so for the exam preparation.

Usage. Besides the long-term study organisation, analysing learning
activities within a study session is crucial in order to understand



how learners learn. An abstract picture of the purpose(s) of each
session can be provided by a session classification technique, but a
detailed look at how learners interact with the system, whether they
repeat units, or whether they combine interactive elements with lec-
tures is also necessary. Extracting these interaction patterns is
highly important and it is paramount for the instructional designer
to compare actual and expected behaviour. The interaction design
and its implementation reflect expected, but needs to facilitate the
learner’s preferred learning behaviour.

Learning behaviour analysis is an essential instrument for effectiveness
evaluations of tool-mediated active learning. However, effectiveness
also comprises aspects such as learner attainment. Exam and course-
work results — in comparison with a traditional delivery — can prove the
effectiveness with respect to attainment, which is one of the critical
success factors. In the system, the learner attainment level of the tradi-
tional delivery has always been reached since the IDLE system was
introduced in 1999. A minimal correlation exists between usage and
attainment for the SQL tutorial and lab system, which can be inter-
preted as an indication for the benefit of using the interactive tutorial
and lab features for exam preparation and coursework. In contrast to
virtual lecture attendance, where books can serve as an alternative,
interactive tools to acquire programming skills are more difficult to
replace and, therefore, their usage is beneficial. The high number of
students actually using the non-compulsory IDLE system proves this
point. Only less than 10% of each class decide not to use the system.

Integrated Evaluation and Design Process

An iterative development approach based on formative evaluations that
are fed back into design and implementation is necessary to adjust
learning processes to the new active media environment. A number of
examples shall illustrate this point:

®  Activity characterisations in terms of purpose and involvement can
be looked at using the behaviour analyses (frequency and regularity)
and survey results to determine the learners’ acceptance of a spe-
cific activity type.

®* The adequacy of learning goals based on underlying knowledge
aspects can be established based on attainment evaluation, but also



by classifying learning sessions based on potential learner objec-
tives.

®  The specification of the learner-content interaction (which is ex-
pected and supported behaviour) can be validated using an interac-
tion pattern analysis.

®  The suitability of multimedia and channel types can be verified by
looking at broader frequency and regularity patterns.

The evaluations help us to scrutinise essential design and implementa-
tion decisions. Evaluations also address unexpected aspects, such as
just-in-time learning patterns, that would have to be readdressed in
revisions of the design.

Software Development Issues

Usability is an important software quality. The literature distinguishes
two aspects of usability — technical and pedagogical usability. The inter-
action infrastructure is the technical side that addresses technical usabil-
ity, whereas the interaction space based on the interaction model needs
to be based on pedagogical usability aspects. Technical aspects such as
media types and interaction designs are fitted into a pedagogical frame-
work of learning activity types in order to allow the interaction infra-
structure to support learning interactions defined in the interaction
space. Classical Web usability issues, such as page layout, are neglected
here, allowing more emphasis to be put on pedagogical issues such as
motivation, acceptance, organisation, and usage.

This chapter has suggested some development techniques for e-
learning systems. Although the focus here was on the implementation
of active learning, addressing software technologies aspects should not
be neglected. One central lesson learned — supported by other authors,
e.g. Palmer and Tulloch (2001) — concerns software properties. Often
e-learning systems are research prototypes and showpieces. These sys-
tems have turned out to be costly and difficult to maintain, if used on a
day-to-day basis. The development of easy-to-use infrastructures and
mainstream system designs should be favoured if maintainability of
learning objects and e-learning applications and not the exploration of
new technologies is the objective. Even in the latter case, the technolo-
gies might remain in service for several years and, consequently, need to
be maintained as well. These observations should always be considered



in the design of learning objects when choices regarding media types or
infrastructure technologies are made.

Discussion

Although the overall experience with the case study system is positive,
some problems have occurred. Therefore, important limitations and
weaknesses for learners, instructors, and developers shall be discussed.

® The system replaces the direct interaction between learner and
instructor to some extent. The level and quality of feedback for the
learner is consequently reduced — although it is worth noting that
the learner can get more feedback at a lower level due to the con-
stant availability of the system. The instructor equally receives less
direct feedback and has more difficulty in monitoring the course
activity.

® The analysis of usage patterns and learning organisation shows a
just-in-time learning behaviour. Although instructors prefer a more
regular approach to learning, this reflects common learner behav-
iour. The motivation is a central factor in what determines a suc-
cessful learning experience.

®  The cost of developing and deploying an e-learning system such as
the presented one is often prohibitive for a single organisation or
provider. Only sharing and the reuse can provide a solution in
many cases.

These more practical limitations ate completed by a more foundational
limitation that was already discussed in the literature review. Learning is
not an activity and cannot be supported directly. The system discussed
here can virtualise tools and their environment in some contexts well,
but the instructor is more difficult to replace. Only some basic instruc-
tor tasks have been attempted in order to relieve the instructor from
these, such as feedback and personalised guidance in a range of stan-
dard situations.

A central question that needs to be discussed is the transferability of
the approach to other topics and other groups of learners. In the con-
text of active learning and training support, similar technologies have
been used for other subjects beyond the computing domain. In engi-
neering and sciences, so-called virtual instruments are often used to
enhance training aspects. Learners can for example carry out mechanics



or physics experiments and can analyse the resulting data using these
virtual instruments, which usually combine a multimedia representation
with an analytical tool. Another example of e-learning systems for ac-
tive learning and training are simulators used to train people in the
usage and handling of complex systems ranging from aircraft to
powerplants to medical devices. These combine multimedia content
with real-time computation features. The pedagogy does not necessarily
need to be changed, as the principle is still a learning experience based
on interactive exercises and problems. Only the degree of personalisa-
tion might vary from application to application.

The presented technology is transferable to other groups of students.
The case study has been used by students across a number of back-
grounds, though predominantly from computing. With increasing
computer literacy of younger learners and even advanced IT skills of
third-level students in technical disciplines, these media- and interac-
tion-intensive e-learning systems are common. The case study system is
accessible using Web browser technology and does not exceed the
complexity of standard PC desktop tools. making it in principle acces-
sible for a broad range of learners.

Conclusions

Essential problems that a content developer faces in the development
of learning objects for active learning and training relate to very practi-
cal aspects. What media types work for a particular learning activity or
at what cost can these learning objects be developed, deployed, and
maintained are central design issues. A development approach for ac-
tive learning objects has been presented that provides a framework to
answer some of these questions and that highlights the difficulties spe-
cific to active learning and its implementation through interactive edu-
cational multimedia.

Experience shows the importance of knowledge-or skills-level interac-
tion, i.e. interaction that is meaningful within the context of the subject
domain (Ravenscroft et.al., 1998). The interaction model that has been
presented is an important feature that captures central elements of a
good interaction design by linking learning interaction (the educational
perspective — the interaction space) with multimedia interaction (the
technical perspective — the interaction infrastructure). In addition to the
interaction model that structures an interaction space, an interaction



infrastructure is needed. The interaction infrastructure enables learners
to achieve their learning objectives in the system. The interaction infra-
structure consists of media to convey content, a navigation topology
for sequencing, and learner-media interactions for knowledge- and
skills-level activities. The evaluation of the approach has looked at
meta-level indicators and usage observations — both are important to
decide whether the learning objectives can be realised and whether the
learning object implementation is effective and successful.

Interaction Model

Interaction |
Space *
| Learning Object
| Learning Object
Learning Object
Design
— Activity
Media /
/ Storyboarding
* | Learning Object
Interaction | Learning Object
Infrastructure Learning Object ia
Implmentation .
ia
Multimedia /.
Object SCORM
/ packaging &
L sequencing

Fig. 1 Active Learning Object Development Process.

The development approach influences both the educational quality and
the software quality of an e-learning system. The method is feasible,
allowing the implementation of an effective e-learning solution. The
evaluation, however, has also highlighted critical aspects:



*  On the educational side, learning behaviour is difficult to predict
and model. Only an iterative approach involving design, implemen-
tation, and formative evaluation provides a solution. Instructional
design is difficult in novel, technology-supported environments.
Designing instruction such that the learner’s behaviour corresponds
to the instructor’s expectations is a challenge.

®*  On the technical side, the costs of maintenance and change are
often underestimated, resulting in these aspects being ignored in
learning object design. Change should be considered in the design
from the outset. This is in particular the case, if advanced techno-
logical solutions based on interactive educational multimedia are
involved.

Some observations show the link between interactive educational mul-
timedia design and our formative evaluation results. The more interac-
tive the features, the more they are used. The SQL feature is a good
example of this, which supports the hypothesis of active learning as an
effective form of instruction. The media types and navigation infra-
structure to support interactivity not only on a technical level, but also
in an educationally sound an effective way, need to be scrutinised
through evaluation as our experience with initially unexpected and un-
desired behaviour suggests.

One of the lessons learned from the case study is that a development
and management methodology for e-learning technology is needed.
The objective here has been to raise an awareness of the solutions, but
also the technical problems in the development of e-learning solutions.
Although the discussion has focussed on a computing subject, the ap-
proach is not specific to computing, and can be applied to any other
domain. The media types addressed are standard media supported by
Web infrastructure. What might vary from subject to subject is the
preferred media type, whether it is text-based if more formal languages
are involved or whether more graphical types prevail. Overall, this
chapter has pointed out some aspects of active learning object devel-
opment, see Fig. 1 — a full design methodology would have been be-
yond the scope of this investigation.
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