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Abstract - This paper reports on progress to date in relation to a
long term research project underway at Curtin University of
Technology. The project aims to devise tools that interactively
support the cognitive learning processes of today's knowledge
workers as exemplified by researchers, managers and students.
The empowering tools alluded to here are not simply intended to
manage, calculate, search, order and arrange search results as is
often the case with current search systems. Instead, the project is
concerned with applying semantic analysis techniques,
specifically the Normalised Word Vector (NWV) technology
developed at Curtin to the construction of a range of 'intelligent'
online cognitive support tools. The goal is to devise a system that
enhances learners' cognitive functioning by augmenting the
human intellect to achieve greater capacity to conceptualise and
ultimately, construct new knowledge.

Index Terms - online learning, cognition support, interactive
feedback

Introduction

Whenever a search is conducted on the web (or
computer network), it is often the case that the displayed
results represent little more than a collection of unrelated,
unstructured information that has been extracted from its
original context. The problem that confronts the learner is
to organise the results and then apply the appropriate
processing strategies to identify any meaningful
connections that may assist to derive potentially useful
solutions to a known problem or learning need. What is
required is an 'intelligent' cognitive support system that
invites input from the learner (a query for example), then
locates, assembles and presents a collection of information
based on the concepts contained within the query. The
system then elicits further input and presents feedback
(both visual and textual) in an interactive process that is
iteratively analysed and refined until the learner's input
indicates that a meaningful learning outcome has been
attained (an interrogative process).

It is conceivable that web-based learning environments
will one day be supported by software agents that are
programmed to assist humans form new associations
between concepts, synthesise information in the creation of
new knowledge, and to solve problems on demand. This
type of cognitive 'immersion' in online information and
content repositories is at present within the realms of
possibility. This paper outlines the rationale and theory
behind a research project that aims to evolve web-based
teaching environments into 'thinking' systems that respond
'intelligently' to human input. Rather than being a
convenient tool for accessing information, it is argued that

to be truly effective, online learning solutions must interact
with students to support their conceptual thinking and
cognitive development processes. The objective is to
provide 'intelligent' support tools that will assist online
learners to achieve deep learning.

The research project is premised on the notion that for
learning to be truly effective, something much more
complex than competence in information management
skills is vital for ensuring learners achieve deep
understanding. That is, the online learning environment
should not only equip learners to quickly locate and sort
through vast quantities of data and information, but also
support them to apply complex analysis techniques and
higher order thinking strategies to the construction of
knowledge. Although there are tools that indirectly assist to
enhance conceptual understanding such as concept maps,
topic maps, and the Compendium project, their usefulness
is limited in that they are incapable of providing the
complex levels of interactivity that guide learners to
identify key relationships and ultimately derive new
meanings. In other words, they do not interact directly with
learners to augment and empower the human intellect. In
learning theory terms, the research project aims to facilitate
a constructivist learning approach as students are
encouraged to access appropriate information, refine it to
suit the intended learning goal, structure it to match their
individual cognitive frameworks, learning styles and
preferences, test goal attainment and progression through
evaluation and reflection, and then move on to the next
goal.

The Educational Efficacy of Cognitive Support Tools

In today's web-focussed world, experienced researchers
understand that the problem with the available search tools
is to know exactly what to enter into the keyword criteria
field. If the categorised terms or keywords are provided as a
dropdown list then exploration of the search results can be
confined to a manageable information set. This strategy is
highly suited to ensuring students are exposed to
information that support attainment of predetermined
learning outcomes. If however, the task is to discover or
generate something new or innovative ideas, that is to
create knowledge, then the use of restrictive search
strategies is highly unproductive. For example, a search on
most knowledge repositories will yield hits related to the
established terms, constructs and concepts unique to
specific domains, and therefore prove unhelpful for the
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individual working in another discipline who seeks
understanding on the interconnections that are emerging
across different domains. In many instances, the researcher
is confronted with the time consuming task of 'processing'
large quantities of what may or may not be potentially
relevant items. It is in this regard that current information
retrieval systems provide minimal assistance where it is
expected that research and learning should progress in the
light ofnew and expanded conceptual understandings.

If we look to the recent past for clues as to how the
problem of information overload has been dealt with,
educational theorists and cognitive psychologists Ausubel
[1] and Ausubel, Novak, & Hanesian [2] advocated the use
of "advance organisers" to foster meaningful learning and
assist in managing information. Advance organisers are
global overviews of the material to be learned that prompt
the learner to recognise the pre-existing superordinate
concepts formed within their own cognitive schema. This
approach emphasises a tangible context for identifying the
most general concepts into which the student can
incorporate progressively differentiated facts and concepts.
In theory, advance organisers are most effective if they
make explicit the relationships amongst the concepts that
learners already know and provide a structure or context in
which to integrate new concepts.

Since Ausubel's time, many knowledge (or memory)
management tools and visualisation (or browsing) software
tools have been developed, most of which can be grouped
into several generalised categories: Concept Mapping tools
[6], [23]; Semantic Networking tools [12]; Cognitive Maps
[11]; Topic Maps [24], [22]; Mind Maps [5]; Compendium
[8]; 'intelligent' personal assistants [3]; and, decision
making tools (also called group organisers). Canas et al. [6]
noted a considerable overlap among these categories as
most tools support the visual representation of knowledge
as expressed in terms of concepts, ideas or "thoughts"; the
associative creation of links and nodes; and, the capacity to
organise related concepts for specific purposes. A brief
description of the most common examples of cognitive
support tools is provided as follows:
* Concept Maps are useful for organising and

representing knowledge by assisting the user to
consciously and explicitly link known concepts to new
knowledge in a diagrammatic form. Canas et al [6]
hold the view that evidence of usefulness, usability,
performance enhancement, or organisational
effectiveness has not yet been conclusively provided.

* The Semantic Web project (W3C
http)//www.w3.oM,) was established to devise new
ways to define and link information on the Web for
automation, integration and reuse across applications.
The project aims to create a universal medium for
information exchange by giving meaning (semantics)
to the content of web-based documents.

* A topic map is a document that conforms to a model
which is designed to improve information retrieval and
navigation using topics as hubs in an information
network. Topic maps are used to assist people find
information quickly and easily. They can be formatted
into a wide variety of search aids such as printed
indexes and glossaries [22].

* The Compendium project [8] comprises three key
elements: a shared visual space where ideas can be
generated and analysed, a methodology that permits
exploration of different perspectives, and a set of tools
for quickly and easily sharing data both within and
beyond the boundaries of a group. Compendium's
mapping technique for group discussions, combined
with its interoperability with domain-specific
applications, provides a useful platform for knowledge
construction and negotiation.

* The Barr et al. [3] review of Smart Internet Technology
appraises a number of applications for software agents
amongst which they note the 'personal assistant' is
already being realised through applications that aid in
information processing (such as personalised web
searches and information aggregation), communication
processing (email, document management, and call
handling), and time management (scheduling
applications).

Over the past several decades, the focus of artificial
intelligence (Al) research has been on how computer
technology can be harnessed to achieve machine
intelligence. Minsky [21] advanced the view that
knowledge is an artefact that can be stored in a machine and
it is the application of that stored knowledge to the real
world that constitutes intelligence. This 'realist' viewpoint
underpins much of the research in Al that has been
undertaken to date and has given rise to the notions of
semantic networks and rule-based (Al) expert systems.
However, Maes [19] makes a valuable distinction between
technology-reliant artificial intelligence and intelligence
augmentation (IA) that aims to enhance the learning
process. For Maes, software agents of the future will
conduct negotiations on behalf of users and prevent
information overload through the identification of new
patterns within information. The distinction made by Maes
points to a crucial factor when considering the design of
technology supported learning systems.

Jonassen & Wang [16] concluded that merely providing
content and information, and revealing structural
relationships to learners is not sufficient for improving
higher order cognitive performance. They point out that
"what matters most is the construction of personally
relevant knowledge structures" (p 7). This means that
learners must be capable of accessing resources that match
or accommodate their individual preferences and goals,
whilst being encouraged to engage with the displayed
learning materials at varying levels of complexity.
Although in principle this approach is conducive to
establishing effective learning experiences, when it comes
to the use of computer technology, the research literature
reveals that most existing systems and tools are
characterised by a number of limitations:
* when undertaking a specific enquiry for information,

often it is necessary to search the entire Web and
manually abstract data that may hold some conceptual
relevance

* vast quantities of research information held in
different databases around the world are not
structured. No generative infrastructure is available to
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assist in managing, searching, translating,
categorising, indexing, and accessing the exact
information required.

* at present, most search results return unmanageably
large lists of potentially relevant documents. An
opportunity exists to provide 'generative support' that
facilitates overarching and exhaustive analyses of
multiple relevant factors.

* to be effective, the researcher must possess an
unreasonably large amount of domain related
knowledge. Knowledge pertaining to who, what,
where, and current developments can be readily dealt
with by technology and yet this task is still being
carried out by the researcher.

* whereas portions of the information or data on the
Internet may be related to each other, other
information may overlap or is semi-complementary.
At present, no knowledge-based middleware is
available to manage semantic connections.

Jonassen & Reeves [15] confirmed it is possible to
design cognitive tools that assist learners to organise,
restructure and represent what they know and that such
tools can support their investigations to enhance the
learning process. Other researchers favour extending or
changing learners' cognitive systems and their preferred
learning approaches through the use of adaptive, intelligent
computer courseware and learning materials [14].
Wobcke's 'Intelligent Agents Technology Review' [30] for
example, canvasses a number of applications for software
agents in which he notes that ultimately, the goal of
implementing the notion of a 'smart system' is
demonstrated through its capacity to reason and think about
itself and its environment. Where learning is concerned,
such a system must focus on the needs of students and in
some respects take on the role of facilitating cognitive
support similar to that of a personal tutor. Wobcke [30]
further observed that "more complex personal assistants
aim to address more than one of these aspects within a
single system". An intelligent system of the type described
here introduces a core component of the research project in
that it needs to be 'metacognitively aware' of all its
components, be capable of interacting with the learner by
analysing the myriad of needs that arise, whilst learning and
adapting as the learner grows, learns and adapts. Thus,
learning environments in the future should incorporate
principles of self-organisation and networked systems
theory as applied to understanding how to design and
manage multiple levels of complexity that continually (and
automatically) interact to deliver more comprehensive,
deeper learning experiences.

The Research Project

The goals of the Interactive Online Learning Support
project are premised on the notion that in order to facilitate
effective online learning environments, the functionally of
current cognitive support tools must be extended to include
the enhancement of metacognitive thinking skills through
the provision of direct 'intelligent' interaction with
individual learners. It is further argued that if online

learners are to become skilled in deriving new meanings
and understandings, software designers need to provide
systems that interact with the investigative process and
provide immediate feedback on all activities. A parallel
requirement of the project is that such tools must be readily
incorporated into existing learning delivery systems and
interoperate with any electronic content and natural
language input. To this end, the project builds on the
Normalised Word Vector (NWV) technology devised by
Williams [26] to determine how learners can be assisted to
gain deep cognitive insights whist engaged in electronic
learning environments. The aim is to empower learners to
perform tasks more accurately and intelligently by
interactively applying their personal knowledge and
experiences to improving their information search and
independent learning capabilities. The outcomes will serve
as 'proof of concept' and thereby provide the basis for
deriving a new theoretical foundation on which future
online design strategies can be devised.

The primary challenge to be addressed in this project
will be to derive a technology solution that on receipt of
human input generates the most appropriate categories,
highlights areas of relevance by displaying visual
representations of identified associations, dynamically
forms links to new materials, stores derived links and
access trails, and juxtaposes what previously had not been
associated with new content. All the while, the ephemeral
(often tedious) task of recalling past actions is managed by
the system's recording and storage capabilities, which also
scan the learner's responses to the given information and
the links that were made during the process. Such a system
supports what the human mind does naturally by
dynamically assisting the learner to make sense of
information. The high level of complexity and interaction
indicated here further emphasises the need to devise
'intelligent' cognitive support tools.
A learning support system will be devised that acts to

'interpret' inert, decontextualised information and present
the results to the learner in an iterative process that
compares their responses with a preferred model answer
and displays visual feedback by way of graphs, concept
maps, and statistical data. This process continues until a
match occurs that is within a predefined level of accuracy.
For example, a bar graph that compares the 'concepts'
associated with the model answer and the student's answer,
would in the case of a close match, indicate that the student
has understood the required concept. Where the student's
response does not match the model answer, either the
student has made an error, has not learned the concept, or
introduced irrelevant material. Visual feedback of this type
is immediate and highly informative to both student and
lecturer [13]. What have been described to this point are the
key principles underpinning what Dreher [9] refers to as the
Generative Conceptualisation and Cognition Support
System (GCCS) model.

There are four aspects of Dreher's GCCS model to be
applied to this project. At the outset of a learning activity,
the first task is to identify the 'information space' from
which learners are expected to derive new knowledge and
represents the unordered collection of information (for
example, journal articles) that is to be 'generatively

1-4244-0470-3/07/$20.00 ©2007 IEEE 615



2007 Inaugural IEEE International Conference on Digital Ecosystems and Technologies (IEEE DEST 2007)

processed'. This information is scanned by the NWV
analysis engine to identify a broad categorisation of
concepts to be targeted for further exploration. Next, a
graphical representation of the targeted and related concepts
acts as a visual stimulus that forms a feedback bridge in that
it provides an elaboration/explication of the concepts found
in amongst the scanned information. Third, the cognitive
dissonance aspect of the Generative Conceptualisation
model is achieved by 'highlighting' the identified concepts
that align most with the concepts to be learned and
associatively linking them with related concepts that serve
as prompts for encouraging further understanding and
learning. The identification of the concepts to be acquired
by the learner is accomplished using NWV analysis of a
preferred model answer. Finally, cognitive activity
progresses in a recursive manner until the learner generates
a response satisfactory to the intended learning goals.

In this approach, concepts are the embodiment of the
knowledge being created or synthesised by the user. Once
identified, they are superimposed onto and dynamically
linked to a set of related articles and documents. In essence,
a concept is viewed as 'knowledge about knowledge' or
meta-knowledge, which is in contrast to the focus of most
cognitive support or mapping tools that serve to identify
existing concepts as opposed to the highlighting of
associative links that further assist in the creation of new
concepts. Thus, in this application a model of interactive
enhancement of learners' metacognitive thinking skills is
described where the metacognitive process is defined as
thinking about thinking which embraces the need for
learners to know what they know as well as what is not
known [4].

The strength of the NWV technology resides in its
ability to 'normalise' all words contained within an
electronic document. An electronic thesaurus is employed
to build vector representations of the concepts that are
inherent within each word found in a document (or
information space). That is, vector algebra techniques are
employed to mathematically represent conceptual
similarities within the given content. The words are
normalised by comparing and reducing each to the most
appropriate thesaurus root word. It is this root word (or
concept) that is used as the basis for comparison with the
model answer.

The normalised concepts are derived from the
Macquarie Thesaurus [18]. Any electronic thesaurus is
suitable for use by this technology, thus extending
functionality and application. There are 812 concepts in the
Macquarie thesaurus and all words in the document are
reduced to the most closely aligned 'within context' root
concept. The vectors are constructed in this 812
dimensional space where the principles of vector theory
apply in exactly the same way as the x, y, z dimensions
familiar to most people. The vector representations are
constructed by counting the number of times a word in the
document matches the thesaurus root concepts. Each
dimension consists of a concept number which is then
compared to the vector representations calculated for the
model answer. The angle between each vector indicates the
level of accuracy. If the angle is small, the document
contains content similar to the model answer. Conversely,

the greater the angle the less accurate the match between
the corresponding vectors [26] (pp 3 - 4). The advantage of
using NWV as opposed to latent semantic analysis (for
example), is that it is computationally more efficient and
therefore requires less time to process. Complete
descriptions of various NWV technology applications are
described in Williams & Dreher [27], Guetl, Dreher, &
Williams [13], Williams & Dreher [28], and Dreher [10].

The task of assembling new teaching content will be
accomplished using two interdependent techniques. The
first applies to the dynamic selection of resources (learning
objects) from existing content repositories based on criteria
that are recorded and stored as the learner progresses
through the learning environment. It is envisaged that the
search criteria (or combination thereof) will be drawn from
a number of sources: the automatic construction of learner
profiles in relation to users' preferred cognitive styles,
learning preferences, and changing performance levels; the
required learning outcomes using assessment rubrics; user
input, interaction and associated learning needs analysis;
and, the full spectrum of current learning theories as
applied to delivery sequencing, presentation format and the
level of learner independence that is permitted for each
designated learning activity.

The second method applies to the automatic generation
of learning objects from non-learning object compliant
electronic materials (documents, reports, papers), thus
removing the need for prior conversion to an XML
compliant format. Dynamic metatags are derived and
generated 'on-the-fly' in response to the search criteria
determined by the NWV engine to be the most accurate
'conceptual' match for the selection of suitable learning
object material. Thus, dynamic metatag generation,
dynamic object selection, and NWV technology will
function as mutually dependent processes.

In arguing that the field of computational intelligence
can contribute to web-based technologies, methods and
techniques that directly support online learning,
Karampiperis and Sampson [17] propose two methods for
automatic content (learning object) selection and
sequencing: Adaptive Courseware Generation where the
entire lesson or activity is adaptively generated according to
the required learning outcomes and learners' knowledge
levels which are defined before presentation; and, Dynamic
Courseware Generation in which the system monitors the
'student's progress and dynamically modifies the displayed
content in response to students' learning needs taking into
account their individual cognitive styles, experiences,
previous performances, and preferences. However, as
Karampiperis and Sampson acknowledge, whilst
technically these approaches hold real promise for adaptive
navigation and courseware delivery, they are not
completely ideal when it comes to the practical realities of
producing effective online teaching solutions. In their view,
there are no well-defined, universally accepted rules on
how learning objects should be selected and sequenced in
order to inspire educationally sound learning experiences.
The problem as they see it, is that the design of highly
adaptive learning systems requires an enormous set of rules
to cope with the complex dependencies between the
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educational attributes of learning objects and the learning
needs of students.

With the preceding issues, needs and potential directions
in mind, the developmental approach to be observed as this
project progresses will be to investigate the feasibility of
combining the principles of automatic content selection and
sequencing as described by Karampiperis and Sampson,
with the techniques of dynamic learning object selection
and dynamic metatag outlined beforehand, to determine
how the key attributes of each approach can be applied in
response to the decisions that are made by the Normalised
Word Vector engine. A core component of this research
study therefore, will be to devise a design model for the
automatic generation of metatag sets based on the concepts
identified by the NWV engine that in turn trigger the
selection of learning object content in a process that is
optimised to the learner's needs each time they undertake
an inquiry or respond to a learning activity. The concepts
identified within the scope of an inquiry or activity are
interpreted by the NWV engine which seeks out,
temporarily tags, and hands control over to a content
management system (CMS) that assembles selected
learning object content to inform/teach/report in accordance
with the learners' needs. In this way, it is possible to locate,
modify, and/or expand on the displayed teaching content as
the learner forms new ideas and understandings.

To summarise to this point, the research study has
employed an interdisciplinary approach to applying
dynamic learning object generation that is combined with
'concept orientated' dynamic meta-tags that are generated
in response to user input. Key concepts interpreted by the
NWV technology provide the 'normalised concepts' that
are used to assemble information and content in direct
response to learners' immediate needs. Where online
learning is concerned, the time-consuming task of creating
or locating suitable teaching material will be significantly
reduced.

Future Directions

Information and Communications Technologies (ICT)
have pervaded our society to the degree that a growing
proportion of human activity is now knowledge work in
contrast to physical work. The history of empowerment of
physical workers through technology clearly demonstrates
the enormous benefits to be gained in terms of increased
production and the efficient utilisation of resources.
Learners should also expect similar gains in thinking
capacity, productivity, and in the quality of their learning
outcomes. As an example, software support systems could
be designed to allow users to make more decisions about
how their learning goals are met by guiding their
interactions with 'intelligently' refined teaching resources.
There are several ways this could be achieved. In one
scenario, learners could make decisions (with varying
degrees of guidance) about both content (what to learn) and
strategy (how to learn it). They can then apply adaptive,
computer-managed, 'intelligent' learning tools to refine
their own knowledge and understanding of a subject area.
Learners could also request the system to modify the
content display by selecting from a range of computer

initiated options that are derived through continual analysis
of their input. For example, learning object resources could
be dynamically assembled to generate customised
responses based on progress, areas of difficulty, or the need
for revision. To illustrate further, a number of strategies can
be applied: alert the student to the need for revision and
present appropriate alternative material; require the student
to repeat a set learning sequence using new materials;
dynamically generate quizzes, assignments, or exercises to
determine the student's comprehension levels and
immediate learning needs; and evaluate students'
comprehension levels to provide just-in-time feedback [25].
In the words ofWinn [29]:

...It follows that the only viable way to make
decisions about instructional strategies that meshes
with cognitive theory is to do so during instruction
using a system that is in constant dialogue with the
student and is capable of continuously updating
information about the student's progress, attitude,
expectations, and so on.

It is the view of all project team members that this
research project will revolutionise the use of information
repositories and lead to marked improvements in the quality
and depth of learners' knowledge. The benefits to be
derived from a cognitive support system as described in this
paper can be applied to many fields of endeavour. The
project focuses on the application of ICT to enhance human
cognitive processing as an aide in knowledge innovation,
and to advance learning and thinking skills. As such, the
outcomes are expected to advantage all members of society
from the individual through to business organisations and
government administrations. For learners, the main benefits
will include the capacity to learn on demand and derive
solutions to problems in a way that best suits their current
understandings and experiences; for governments and
organisations, the provision of 'intelligent' support
technologies will lead to increased production and
innovation; a measurable capacity to apply existing
knowledge in imaginative ways; calculable cost advantages
and procedural efficiencies; and finally, enhanced
contributions to achieving organisational goals.

In general terms, the benefits to be realised apply to: an
increased capacity for individuals and organisations to
acquire and generate new knowledge; social gains in terms
of increased opportunities to participate in collaborative
knowledge building activities; and a more effective
information management capacity in a world characterised
by exponential increases in readily accessible information.
A significant aspect of this project is that it presents a
unique opportunity to identify and establish the ground
rules from which the benefits of applying technologies to
enhance conceptual thinking can be realised. Successful
completion, coupled with other related research activities
currently underway at Curtin, will result in a robust
development methodology capable of producing cognitive
support systems for applications that currently have not
been made available due to technological limitations. For
the present, the main contribution to knowledge is to
increase current understanding on how learning may or may
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not be supported and enhanced using technology. The final
words go to Martinez [20] whose perceptive analysis of the
future of online learning is conclusively encapsulated in the
following extract:

The Web offers the perfect technology and
environment for individualized learning because
learners can be uniquely identified, content can be
specifically personalized, and learner progress can be
monitored, supported, and assessed. Technologically
and technically, researchers are making progress
toward realizing the personalized learning dream with
adaptive learning object technology.
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