Formalizing Electronic Portfolios in the SPARC ePortfolio
Tool

Patrick Lougheed
School of Interactive Arts and
Technology
Simon Fraser University
14th Floor, 13450 102 Ave.
Surrey, BC, Canada, V3T 5X3

patl@sfu.ca

ABSTRACT

Electronic portfolios have recently become a focus of
serious research from many different quarters. How-
ever, there has been little attempt thus far to codify
them in any logical method, and there has been no ef-
fort directed towards being able to reason about them.
There are many possible uses for this, from aiding the
user in creating the portfolio to helping employers sift
through portfolios while searching for new employees.
We present our research on the creation of an ontology
for electronic portfolios, methods of instantiating the
ontology, and future planned experiments.

Categories and Subject Descriptors
1.2.4 [Artificial Intelligence]: Knowledge Represen-
tation Formalisms and Methods

General Terms
Portfolio Ontologies
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1. INTRODUCTION
1.1 What are Ontologies?

An ontology is a formal specification of knowledge in a
domain. It formalizes conceptualizations [14, 7]. On-
tologies capture not only the commonalities among dif-
ferent conceptualizations in the domain but also for-
mally establishes differences among those conceptual-
izations. Formally, ontology consists of entities, rela-
tionships, properties, instances, functions, constraints,
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rules, and other inference procedures [11]. Once an in-
stance of the domain has been created, we can then
extract information from the ontology and reason upon
it [5].

The power of ontologies rests with its ability to repre-
sent knowledge explicitly (as concepts, properties, and
constraints); it’s ability to encode semantics (as meta-
data, rules, and other inference procedures); and it’s
ability to allow for a shared understanding of formally
represented knowledge within and in-between humans
and machines.

The recent surge in semantic web research has resulted
in the evolution of a W3C standard - Ontology Web
Language (OWL). OWL enables the definition of do-
main ontologies, sharing of domain vocabularies, and
the representation of the same at different levels of gran-
ularity. From a formal perspective, axioms and con-
structors in OWL capture the description logic reason-
ing in terms of class consistency and consumption, in
addition to other ontological reasoning.

1.2 What are ePortfolios?

” An ePortfolio is a personal digital collection of infor-
mation describing and illustrating a person’s learning,
career, experience and achievements. ePortfolios are
privately owned and the owner has complete control
over who has access to what and when. ePortfolios con-
tents and services can be shared with others in order to
support Prior Learning Accreditation and Recognition
(PLAR), complete or replace exams, reflect on one’s
learning or career, support continuing professional de-
velopment, plan learning or search a job” [6]. Further-
more, ePortfolio development and content can greatly
impact goal creation and achievement as well as facil-
itate self-regulated learning activities. While the con-
cept of portfolios in general is not a new one, a recent
expansion of their scope has greatly enhanced both the
breadth and depth of the research on the subject. A
number of new tools have been created, both as research



platforms and for commercial use, helping users create
their own ePortfolios. These systems are typically im-
plemented as editors around a set of artifacts that the
user has created, and their responses to them, which
can then be placed into a coherent structure and ulti-
mately viewed by others, who can give feedback upon
it.

Traditionally these portfolios have been used in the arts
as part of marketing artists work to potential employers
or clients. These portfolios, in electronic form, have
recently become more popular in the wider community
as learning tools, knowledge retention mechanisms and
alternative forms of assessment.

1.3 Why capture ePortfolios?

ePortfolios are a rich and plentiful source of data about
individuals and organizations. If we can formally repre-
sent the information in a ePortfolio we can incorporate
it into user models via Interoperable User Modelling [4]
which can be used to assist the user both in portfolio
creation and in other educational endeavors. This rela-
tionship can also go the other way, where students can
use information garnered by their user model within
their portfolio as dynamically updated information or
simply as a point of reference.

Unfortunately, one current problem with the state of the
art in electronic portfolio is that of user buy-in. While
many institutions and corporations have adopted the
idea of ePortfolios whole-heartedly from a management
perspective, issues including a lack of communication
from those providing the service with regards to the
benefits of having an electronic portfolio, and a lack
of the critical mass of users and readers of ePortfolios
keep users from using ePortfolios to their advantage.
Building and maintaining ePortfolios can prove to be
time consuming particularly if they are not structured
well. Furthermore, garnering meaningful data out of a
portfolio also takes a significant time-commitment.

In addition, the field of educational research in ePortfo-
lios is in its infancy and thus the uses and structures are
evolving. There are several different types of ePortfolios
created for many different purposes, abiding by neither
standard nor any common definition of what makes a
portfolio.

It is our opinion that proper design and implementa-
tion of an ePortfolio creation and maintenance tool can
solve some of these problems. For example, ePortfolios
created in educational environments should not have to
be subject to the cold start problem, nor should they
be particularly complex to maintain as, in some cases,
their structure and content can be obtained through al-
ternate means. Furthermore, as ePortfolios currently
exist to aid the user, an ePortfolio tool needs to encour-
age this personal motivation and customization while

still making the ePortfolio abide by whatever standard
eventually emerges.

The benefits of having access to such a rich knowledge
base is key in improving delivery and customization of
educational technology. Our aim is to build an ePort-
folio tool that meets these goals and overcome some of
these issues.

2. BACKGROUND

Our tool, SPARC (the Student Portfolio Architecture
and Research Community), is currently in its second
major revision, and is both in production use at Simon
Fraser University for more than 400 students, and in
use as a platform for research in various different ar-
eas. SPARC follows the principle of ’everything is an
artifact’ - for example files, URLs, reflections on arti-
facts, and other people’s feedback. It can manage mul-
tiple ePortfolios for a single user, and has an artifact
repository. SPARC is split into two major components
- a back-end portion written using Java and Apache
Axis, [1] which exposes a Simple Object Access Proto-
col (SOAP) interface which can be called via any SOAP
client. This server component currently relies on a data-
base as an information store; currently, only an Oracle
Data Access Object has been created, but extending
this to any other database would be trivial, and even
an XML-based DAO would only require a matter of a
few days. Our initial user interface was created in PHP,
providing a cross-browser solution that provided access
to all the back-end’s functionality, while our current fo-
cus has been on a Java Swing-based interface that can
be integrated into other systems, helping to provide a
link between ePortfolios and other learning systems.

Portfolio creation in SPARC (and in most other sys-
tems) generally happens cyclically, in three rough phases.
The first phase is artifact cataloguing, where the user
(and possibly the system) adds artifacts to the portfo-
lio tool. The second phase is laying the portfolio out -
that is, organizing the artifacts in a tree structure and
reflecting on the artifacts. The final phase is publish-
ing the portfolio and receiving feedback. The first two
phases happen simultaneously in many cases, and the
entire process repeats itself based on external feedback,
new artifact creation as time passes, or different require-
ments of the portfolio. Also note that a user can have
multiple ePortfolios simultaneously at different points
in the process.

Based on our initial experiences working on the first
version of SPARC, we previously created an upper-level
ontology for electronic ePortfolios [3]. We have substan-
tially updated and modified it during the evolution of
SPARC and based on our research; it was felt that the
previous version was overly restricted and too specific to
the original implementation of the SPARC tool. Large
portions have also been added that were not present



beforehand, including the capability to capture author
information and system interactions.

3. COMPONENTS OF THE EPORTFOLIO
TAXONOMY

At the simplest level, all ePortfolios are collections of
artifacts that may or may not be related to other arti-
facts. These artifacts can be broken down into a number
of standard types that better reflect their purpose and
content. Breaking them down also allows us to infer
more from them than we would be by looking at them
solely as artifacts.

The simplest of portfolios contain examples of projects
created by the author and no other information. How-
ever, more complex portfolios can contain, in addition
to these examples, written reflections about how the
project turned out, explanations of why the project was
created (i.e. for an assignment), and even feedback from
peers. Each of these elements can be defined as a type
of artifact.

The first step in creating the ontology is creating the
initial taxonomy, which is comprised of the elements dis-
cussed below. A taxonomy defines terms used in a do-
main in terms of ”is-a” relationships between elements,
while lacking formal concepts and axioms, and is the
core portion of most ontologies [10]. Because portfolios,
at least assessment portfolios, are considered forms of
alternative assessments, any ontology created must take
into account alternative assessment standards. Tani-
moto proposes a taxonomy of assessment items so that
information pertaining to alternative assessment can be
classified [15]. Portions of this taxonomy relate closely
to portfolios, but are not sufficiently deep to allow use-
ful classification of many types of artifacts.

The final hierarchy we have developed for ePortfolios is
given in Figure 1.

3.1 Portfolio Types

There are a large number of different portfolio types,
broken down into four sub-categories - dossier portfo-
lios, training portfolios, reflective portfolios and per-
sonal development portfolios [13]. The categories are
based on two main criteria. The first is whether or
not the portfolio creation is mandatory, voluntary, or
somewhere in between (for example, not mandated, but
highly suggested). The second represents the selection
process use during the creation of the portfolio, with a
scale from specific selection portfolios to learning port-
folios encompassing a full range of work. The essential
difference here is that selective portfolios only show off
the best that the author has created, while a learning
portfolio will include the entire range of the author’s
work, showing the learning process and documenting
what they took out of that process. Using these two
criteria as axes, we can visualize the gamut of portfolio

types and the categories they fall into (Figure 2).

Dossier portfolios include those types that are man-
dated and selective, often having a set outline of the
artifacts that should be included. Examples of uses
of dossier portfolios are those used in the medical [9]
and graphics design businesses, where the potential em-
ployer or client desires a well laid out view of the au-
thor’s best work, usually with certain required elements.

Training portfolios are mandated portfolios that docu-
ment learning attempts that the author has undertaken
for a particular curriculum. For example, it may be nec-
essary for a course that the author is taking that they
document their work for the course and reflect on what
they’ve accomplished.

Reflective portfolios are strictly voluntary, while also
being fairly highly selective. Authors choose their best
work, tracking progress and improvement over time with
evidence and allowing for reflection and self-appraisal.
Selection occurs with the authors choosing those por-
tions which best define their improvement, potentially
showcasing the starting point, successful improvement
attempts, and what they learned, and how this applies
in different scenarios and environments.

Personal development portfolios are a more thorough
collection of work over time, without the selectivity that
comes with reflection portfolios. They are long-term
portfolios, often focusing on internal development of
the individual rather than their external development.
These portfolios can serve as as the launching point for
dialogue regarding the author, their path and future
self-improvement.

Within these categories we have identified a further 18
specific types of portfolios - the actual number of types
is, of course, limitless, varying within the dimensions
given above. There are a few types that are very spe-
cific to our experience - the ”SFU TechOne Portfolio
Project,” a two-semester project for a first-year cohort
program at Simon Fraser University’s Surrey, British
Columbia campus, as well as the ”BC High School Port-
folio,” based on the graduation requirements of the Min-
istry of Education in British Columbia [2] - while others
are more general types.

3.2 Portfolio Process

In order to create a portfolio certain processes must be
undertaken. Each type of portfolio will contain a dif-
ferent subset of these for the overall portfolio creation
process. Each process represents a different method of
going about the system creating the portfolio, from col-
lecting the initial artifacts into the portfolio to organiz-
ing the content to laying out the published version of
the portfolio visually.
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Figure 1: An Ontology of Electronic Portfolios.
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Figure 2: Portfolio Types.

3.3 Author Information

A portfolio has at least one author, and can have a num-
ber of different authors. Each author, conversely, can
have many different portfolios and artifacts, or none.
For each author we can store some basic information,
with regards to their educational and professional his-
tory and other information that may make use of.

Authors are further split into two categories - learners
and mentors. The differentiating factor is that learners
author portfolios (and own at least one) while mentors
author external evaluations. An individual can qualify
as both a learner and a mentor, as well.

3.4 Artifacts

A portfolio is inherently a collection of artifacts with
some relationship to the author. The artifacts can vary,
as can their relationships, but these can be generalized
by splitting artifacts into two camps - evidence artifacts,
and description artifacts. Description artifacts can be
further broken down, yielding different types of decrip-

tions as well as evaluations, both internal and external.

As well, artifacts can have relationships to one another;
descriptions provide context to evidence or to other de-
scriptions, while evaluation artifacts provide feedback
on other artifacts. These relationships can be general-
ized as well, and we will expand upon that shortly.

3.4.1 Evidence Artifacts

Evidentiary artifacts show the portfolio’s audience a
record of what has been achieved. To put this in per-
spective, the difference between a portfolio and a tradi-
tional resumé is that a resumé tells the audience about
what has been attained; a portfolio will show the au-
dience the proof. With this in mind, the evidence can
be a wide variety of things - an image, a document, a
sound file, a URL to a created website, or even a pointer
off-line.

3.4.2 Description Artifacts




Description artifacts provide the context that gives mean-
ing to the evidence. Evidence without context is mean-
ingless, so descriptions play a fundamental role in the
portfolio.

We have subdivided description artifacts into activity
descriptions, criteria descriptions, general descriptions,
and evaluations.

Activity descriptions provide information about activ-
ities performed, the environment they were performed
in, and what the outcome was. For example, they could
be a description of a physical activity undertaken for a
class, or the outline of an experiment run to test a hy-
pothesis.

Criteria descriptions detail the criteria used in judging
another artifact. This could be anything from the eval-
uation method of a classroom instructor, to the null and
testing hypotheses for the aforementioned experiment,
to describing how a student is critiquing their own work.

General descriptions are ”unclassified” - if not specifi-
cally an activity or criteria description, they are treated
as a general description.

3.4.3 Evaluation Artifacts

Evaluation artifacts provide some feedback on other ar-
tifacts. We split them into two categories - external
evaluations (coming from someone aside from the au-
thors of the artifact) and internal evaluations (coming
from one or more of the authors).

Note that evaluation artifacts can evaluate other evalu-
ations, as well. For example, consider the case of a set
of description and evidence artifacts created as part of a
creative writing assignment for a university course. The
course teaching assistant may initially evaluate the as-
signment, and the course instructor may later evaluate
the TA’s evaluation.

3.4.4 External Evaluation Artifacts

External evaluation items can take many forms. The
typical grade school term-ending report card is at the
simple end of the scale, while complex evaluations such
as the revisions to a thesis or a detailed breakdown of
the problems with a submitted paper are good examples
of external evaluations. These evaluations can come
from any number of individuals - friends, family mem-
bers, teachers, supervisors, employers, even anonymous
reviewers.

3.4.5 Internal Evaluation/Reflection Artifacts
Internal evalution is similarly multi-modal. In many
cases it can take the same form as an external eval-
uation, especially when following a set of pre-defined
rubrics for the evaluation. However, there is a one pos-
sible form that is fundamentally different - reflection.

Reflection can be viewed as critical self-appraisal; it is
a detailed and thorough look at the process one took
and the outcome one received to see why that path was
chosen, how the path turned out, how it could be im-
proved, what was learned, and what pitfalls, problems
or wrong turns were made or encountered.

4. TURNING THE TAXONOMY INTO AN
ONTOLOGY

Once we have the taxonomy created, we can begin to
flesh out the ontology by adding relationships between
the different objects, and giving objects properties and
rules.

We are using the Protégé ontology editor, with OWL as
the back end language. Racer is used as the inference
engine.

4.1 Relationships

There are a number of different relationships that exist
within the ontology. Aside from the ”is-a” relationships
that can be seen directly from the taxonomy, several of
these relationships are fundamental to portfolios.

For the learner object, there exists a ”hasPortfolio” re-
lationship to one or more portfolios. Conversely, men-
tors have ”"provideExternalEvaluation” relationships to
external evaluation artifacts.

Portfolio objects consist of three basic relationships -
“hasArtifacts” is a collection of all the artifacts present

in that portfolio, "hasCreationProcess” outlines the processes

used to create the portfolio, and ”hasPortfolioOwners”
points to the author or authors of the portfolio, and is
the inverse of the learner ”hasPortfolio” relationship.

Processes have the ”constructsPortfolio” relationship,
the inverse of the portfolio’s "hasCreationProcess.” One
special subclass of Process is PortfolioCreationProcess,
a container class for other processes, collecting them
into a single higher-order class. This allows for restric-
tions for portfolio types; see the Example section below.

Artifacts at the top level have two relationships - ”be-
longToPortfolio” shows us the portfolios the artifact is
a part of, and is the inverse of "hasArtifacts” from port-
folio; and ”hasArtifact Authors” points to the author(s)
of the artifact.

Descriptive artifacts have several other relationships, as
well. They have a ”canBeUsedAs” relationship to ev-
idence artifacts, as they can often be used as direct
evidence rather than just as context. As well, they
can "referToArtifact” to provide information or context
about several other artifacts.

Evaluation artifacts build on top of these relationships
again. They can "referToPortfolio,” and give evalua-



tion on an entire portfolio rather than just an artifact.
External evaluation artifacts also have a ”hasEvaluatio-
nAuthor” relationship detailed who left the evaluation,
and self-evaluation topics have a ”hasSelfEvaluation Au-
thor” relationship that accomplishes the same task (the
difference being a rule in force on self-evaluation arti-
facts; see below).

4.2 Properties
Each superclass of objects has its own set of properties
in addition to relationship.

Artifacts, for example, all have a ”Title,” and descrip-
tive artifacts have a ”WrittenDescription.” Evidence
artifacts have an ”EvidenceType” property, which is
an enumerated type consisting of image, video, audio,
document, multimedia file, or URL, as well as a ”Loca-
tionURI” pointing to where the evidence exists. Port-
folios also have a ”Title” property.

Authors have a number of different properties. These
include ” Age”, ” ContactInformation”, ” Educational His-
tory”, ”EducationalStatus”, ”Name”, ” ProfessionalHis-
tory”, " ProfessionalStatus”, ”Sex”, and ” UserID.”

Processes have no properties.

4.3 Rules

In our ePortfolio ontology, we have built the rules using
OWL restrictions.

Artifacts have very few rules, with one notable excep-
tion. For self-evaluation artifacts, the author(s) of the
self-evaluation must be a subset of the authors of the
artifact being evaluated.

For authors, they only qualify as learners if they have
at least one portfolio.

Processes and portfolios in general have no rules, but

PortfolioCreationProcesses and lower-order portfolio types

may have rules. We have a few examples in our on-
tology, specifically tying certain creation processes to
certain portfolio types. See below for one example of
this.

4.4 Example and Example Axioms

As an example of our rule set in the ontology, consider
the case of a specific portfolio type called the ”SFUTe-
chOnePortfolio.” This type has an associated process
with it, called the ”SFUTechOneProcess.”

This portfolio type represents a semester-long assign-
ment done in the first-year TechOne cohort program at
Simon Fraser University’s Surrey Campus. This indi-
vidual assignment encompasses several aspects of port-
folio creation, and focuses on collecting student work,
displaying it, and revising it as feedback is received. It

does not, on the other hand, involve working on a re-
sumé type portfolio.

As such, the ”SFUTechOnePortfolio” has a restriction
that it must have exactly one author. As well, it has
the restriction that all of the creation processes that are
used to build the portfolio must be of the type ”SFUTe-
chOneProcess.”

The "SFUTechOneProcess,” on the other hand, has a
rule that states that all the portfolios with which it
has a " constructsPortfolio” relationship must be of type
”SEUTechOne.” The process must be used to create
only those portfolios, and those portfolios can only be
created using this process. From this, we can infer that
if someone is creating a ”SFUTechOnePortfolio”, that
they are using the corresponding process, and suitably
constrain the creation of the portfolio.

The process is a higher-order process encompassing other
processes, specifically the ” Categorization,” ” Collection,”
?Publish,” ”Reflection,” ”Revision,” ”Selection,” and
”VisualOrganization” processes. Effectively, this means
that an SFU TechOne portfolio does not involve the
identification of marketable areas, identification of skill
areas, logical organization or maintenance processes.

5. INFORMING THE ONTOLOGY

Once we have an ontology created, the next step is
somehow getting data that can be input into the on-
tology, and without this the ontology is merely a theo-
retical exercise. The input needs to be relevant to the
ontology - there is no point telling the ontology about
things it does not know about or things it cannot reason
upon - but also as unobtrusive to the user as possible.

There are a number of different ways we can instantiate
the ontology, and the information we use will need to
come from a variety of different sources. These include
manual, semi-automatic and fully automatic instanti-
ation, and the data can either come from the SPARC
system, an external system, or from the user - noting of
course that the user, as stated, will be a minimal source
of information and they will not be conscious of their
contribution.

5.1 Instantiating the Ontology

5.1.1 Manual Instantiation

Manual instantiation is the simplest model to imple-
ment, as the portfolio software needs to have no knowl-
edge whatsoever of the ontology or how to instantiate
it. A logging framework is required, so that the person
ultimately inputting the information into the ontology
can gain access to the necessary data. The simplest ex-
ample is a messaging framework that dumps a message
to a log file for each user action, with various properties
for the message. For example, when the user presses
a button, we can generate a ”button pushed” message,



with an indication as to which button was pressed, how
it was triggered (say, mouse or keyboard shortcut), and
what the outcome of the interaction was (an error mes-
sage was thrown, a dialog was created, etc.).

The ontology can be manually instantiated via entries
of property values into an ontology editor - for exam-
ple, Protégé. This is useful only for testing portions of
the ontology or attempting to create useful inferencing
rules, and is not viable over the long term. Manual in-
stantiation requires us to have access to the necessary
information about the portfolio creator - about their
artifacts, their interactions with the system, and their
intentions when creating the portfolio.

There are several limiting factors to manually instanti-
ating the portfolio ontology. The first is that the user
is likely to have thousands of individual interactions
with the system, from clicking buttons to selecting files
for uploading to editing content. This makes it pro-
hibitively expensive with regards to time. The second
is that the ontology would need to be manually instanti-
ated for each user; in any multi-user system with tens or
hundreds (or more) of users logged on and interacting at
any given moment, it would quickly becomes impossible
to keep up with the incoming data.

5.1.2 Semi-Automatic Instantiation
Semi-automatic instantiation is used for the initial dis-
covery and creation of rule sets to be later used for in-
ferencing. It combines the immediate recording of data
from automatic instantiation with the ability to have a
closer look at the data while inputting it. For example,
if we know that a certain individual is working on a
specific portfolio type, we can record their interactions
and then make slight alterations to it in an attempt to
get a rule to fire.

This type of instantiation again requires use of an ontol-
ogy editor, but here we must have the portfolio system
itself inputting information into the ontology and saving
it, so that we can later manually edit. The messaging
framework we created in the first place can be modified
to generate inputs into the ontology rather than dump-
ing information to the log file, skipping the human in-
teraction that was necessary beforehand. This method
also allows for gradual integration of the ontology input
into the system, rather than forcing the programmer to
attempt to convert from logging to ontology input all
at once.

5.1.3 Automatic Instantiation

Automatic instantiation of the ontology is the ultimate
goal. This allows for the portfolio system to input all
the information by itself, live, rather than relying on
human intervention to instantiate the ontology. By this
point most of the rules and constraints will be laid down
into the ontology itself. One major advantage of this

method is it allows for immediate updating of the on-
tological information about a user; we can input new
data from their interactions and see if any of our infer-
ences about them have changed, and possibly alter the
method, frequency or content of our interactions with
them.

Getting to the point of being able to instantiate au-
tomatically means that we must be able to incorporate
the information coming into us from other sources, even
if those sources aren’t necessarily ontologically aware.
For example, one of SPARC’s features is the ability to
receive artifacts from sources other than the portfolio
creator; these sources could include assignment submis-
sion systems, learning management systems, other users
(for group artifacts) or even student information sys-
tems. To ask all of these systems to become fully aware
of the ontology may be a laudable goal, but not one
likely to be reached any time soon. In the meantime
we must be able to take the data and metadata they
push to us and perform the transform and input of that
information ourselves.

5.2 Gathering Data

5.2.1 SPARC Internals

SPARC itself will generate the vast majority of the in-
formation that will be placed into the ontology. This in-
cludes the interactions data, information about some of
the artifacts that are uploaded (those that are uploaded
or modified via the SPARC interface) and information
on the user of the system.

The interactions data consists of the different steps the
user follows in creating or editing their portfolio. These
steps include pressing buttons, modifying character con-
tent, checking boxes, etc. Each of the different inter-
faces for SPARC will have a slightly different variation
upon the central theme of interactions, but the vast
majority of the information will be applicable across
these different front-ends. This information also allows
us to run experiments to see what effect the interface
can have on the portfolio experience.

5.2.2 External Systems

External systems account largely for the information re-
garding artifacts that can be pushed into the ontology,
as their primary responsibility is pushing artifacts to
SPARC without user intervention. Again, we cannot
assume that these systems know anything about the
portfolio ontology, so any information input will actu-
ally come from SPARC. We can infer some basic infor-
mation about the user’s actions from what the external
system provides us, and we place that into the ontology.

This information generally includes information on what
the user uploaded and via what method. Some extra
information includes what other individuals can have
access to the artifact (if the work was generated by a



team, for example) and why it was uploaded, such as a
class designator. Other systems, such as student infor-
mation systems that could be tapped into, can provide
information along more biographical lines, such as past
learning experiences that can give us further context
that could help the ontology make better inferences.

5.2.3 User

The user can, unwittingly, be the source of some infor-
mation for the ontology, if we tell the program where
to look. There are two specific places we can look -
the names and metadata of the files that the user up-
loads, and the relationships that can be inferred from
the user’s interactions with artifacts.

For example, if the user submits a file with certain
metadata, and places that artifact such that it devel-
ops certain relationships within the ontology, and later
uploads another file with similar metadata; we can then
infer that perhaps we should create relationships for this
new artifact, as well (it should be noted the user does
not have to create this metadata, the external system
that submits it to SPARC may do much of the work -
both files may be marked ”CS 101” submissions by the
submission system, for example). The more similarly
named or placed artifacts the user uploads, for exam-
ple, the better we can become in helping the author by
creating some relationships for them.

6. FUTURE WORK

There are a number of plans for future work utilizing the
ontology we have laid out. First, we plan to verify that
the ontology is completely usable by integrating it with
the SPARC ePortfolio system. Once this is complete,
we can expand the reach of the ontology by adding con-
nections to the external data sources. Specifically, we
are targeting the WebCT learner management system
and a home-grown Course Management System, both
in use at Simon Fraser University’s Surrey campus.

As well, we wish to allow for knowledge transfer with
other systems, by connecting to the Interoperable User
Model framework [4]. Using the ontology and data we
can gather from connecting to other systems, we wish
to build into SPARC functionality to allow for mixed-
initiative interactions with the portfolio authors.

Finally, we wish to create a learning object repository
from the ontology utilizing the eduSource Communica-
tion Language [12] to connect to other similar reposito-
ries and allow for searching of portfolios. Portfolios of
all types can be viewed as a form of learning object -
a ”biographical learning object,” if you wish - and can
be viewed and searched in the same manner. IMS has
worked towards formalizing a specification for ePortfolio
packaging, [8] underpinned by IEEE’s Learner Object
Metadata standards and the Sharable Content Object
Reference Model (SCORM).

7. CONCLUSIONS

We have presented our initial revision of an ontology for
ePortfolios. We have fleshed out a taxonomy, as well
as relationships between different elements, established
rules for constraining objects and inferring information
about others, and initial properties for objects. We be-
lieve this to be a crucial first step to making ePortfolios
more usable and useful to potential users.

In the larger picture, the creation of an ontology for
ePortfolios will allow for an expansion and transfer of
knowledge outwards from this area. It will allow for
other systems to glean information from ePortfolio sys-
tems about users and portfolios, a huge step given the
amount of information that a portfolio can contain or
infer about a user.

On the semantic web, for example, having a portfolio
ontology could allow for employers to formulate a query
to find all individuals that meet certain criteria from
those that applied for a job based on their portfolios;
potential employees could do the same thing in reverse,
finding any jobs that match their skills.

Assuming that ontologies promote the use and the ex-
tension of a common formal conceptualization in each
domain one may assume that simply employing ontolo-
gies in web-based systems would realize the goals of
Semantic Web. Unfortunately, the world of Seman-
tic Web is much more complicated than to be solved
by such a simplistic notion. As we mentioned earlier
the centrality of ontology is in the process of captur-
ing conceptualizations in the ontology. In a community
of users interacting within a semantic web application
that revolves around a common ontology, it is inevitable
that inconsistencies arise in the ontology among multi-
ple users over a period of time.
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ABSTRACT

The mechanism of Self-Regulated Learning (SRL) is a
complex interactive process involving cognitive self-
regulation. Self-regulation is enacted by learners when they
form specific learning strategies that they actively or sub-
consciously adopt in order to enhance their learning ex-
perience. Our research concerns the development of a
framework that allows for Mixed Initiative Interactions
(MI1) to help the learners optimize their learning strategies
and help them self regulate better. We represent the under-
lying SRL tactics and strategies in an ontology. We utilize
production rules to translate and disseminate SRL tactics
and strategies represented in the ontology. This paper fo-
cuses on the design and development of the production
rules. We describe how the production rules are employed
in the context of a mixed-initiative system named MI-
EDNA.

Categories and Subject Descriptors

1.2.4 Knowledge Representation Formalisms and Methods
— representation languages, semantic networks.

1.2.6 Learning — Knowledge Acquisition

Keywords

Mixed Initiative Interaction, Self Regulated Learning, On-
tology, Semantic Web, Knowledge Representation, Pro-
duction rules, Learning Tactics and Strategies, e-learning,
Scaffolding, Intelligent Tutoring Systems, Fading.

INTRODUCTION

Self-Regulated Learning (SRL) has been studied exten-
sively as a possible means to help organize the tactics and
strategies adopted by learners [18]. In e-learning environ-
ments, learners are exposed to multiple sources of online
information in a non-linear manner. Learners are expected
to adapt their learning strategies while studying these
sources. Regulating one’s tactics and strategies in an online
learning environment requires planned learning processes
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that use prior established knowledge along with the newly
gained contextual information based on the principles of
SRL to improve cognition [9]. Learners need to analyze the
learning situation, set meaningful learning goals, and de-
termine which strategies to use, assess whether the strate-
gies are effective in meeting the learning goals, evaluate
their emerging understanding of the topic, and determine
whether the learning strategy is effective for a given learn-
ing goal [3]. A crucial skill of the learners that leads to their
successful learning is the ability to self-regulate their cog-
nitive processes and to remain self-motivated with regards
to the task of collating the plethora of available information
sources into a comprehensible amalgamation that may be
used to satisfy their learning needs. In consideration of this,
our research emphasizes the need for a system that scaf-
folds the learner to represent, recognize and regulate their
cognitive processes.

Scaffolding involves modeling the learning task and gradu-
ally delegating responsibility to the students. It involves
providing educational resources, problems or tasks for
solving, templates for learner use and exhaustive cognitive
guidance. Scaffolding provides the necessary support for
the learners to successfully engage in a learning process.
There are various degrees and types of scaffolding as ex-
plored in the fields of Intelligent Tutoring Systems and
Educational Psychology [13]. In our approach, we consider
scaffolding as a mechanism that allows learners to reflect
on their tactics and strategies and to ground their reflection
with respect to specific SRL models.

We have implemented the ontological representation of
tactics and strategies employed by learners as part of their
learning activities in a system named MI-EDNA. In MI-
EDNA, we represent learner interactions in an ontology
along with specific models of SRL. Specifically, we have
an explicit representation of Zimmerman’s [16] 3-phase
SRL model in our ontology. We have also designed and
developed production rules that match patterns of learner’s
cognitive processes with the tactics and strategies repre-
sented in the ontology. As a result of this pattern matching,
we can trace the self-regulatory capabilities of the learners
with respect to the underlying Zimmerman‘s SRL model
and generate scaffolds that would help learners Self-
Regulate with far greater ease. Detailed advice, direction of
the learner’s attention, and alerts to channel the sequence
of activities are essential to for a learner to perform within
the scaffolded environment. We hope to implement a scaf-



folding mechanism that would help reduce cognitive load
and lead to enhanced learning efficiency..

The rest of the paper presents an overview of Mixed-
Initiative Interaction systems, a summary of scaffolding
mechanisms across the domains of reading, composition,
and problem-solving, a categorization of scaffolds that we
employ in MI-EDNA, and finally discuss how we employ a
rule-based inference mechanism as an integral component
of mixed-initiative scaffolding.

Mixed Initiative Interaction

Mixed-Initiative Interaction (MII) is a naturally-occurring
feature of human interactions. Mixed Initiative (MI) Inter-
action [2][14] comprises a new set of methodologies that
propound the need for independent initiative taking to as-
sume control of the conversation within the context of dis-
cussion. The motivation behind our research is to capture
the process of this natural phenomenon and deduce reasons
for interactions initiated by the system. Mixed-initiative
systems exhibit various degrees of involvement in regards
to the initiatives taken by the user or the system. In any
discourse, the initiative may be shared between either, a
learner and a system agent, or between two independent
system agents. Both the parties in question establish and
maintain a common goal and context, and proceed with an
interaction mechanism involving initiative taking that op-
timizes their progress towards the goal. One of the key ele-
ments for successful mixed-initiation is the ability of the
system to recognize opportunities for mixed-initiative in-
teractions.

Our system initiates interactions that are based on the prin-
ciples of Self-Regulated Learning (SRL) in online learning
depending on the learners’ progress in the domain. SRL is
a theory that concerns how learners develop learning skills
and how they develop expertise in using learning skills
effectively. SRL comprises a set of strategies and tactics
employed by learners to regulate their own learning proc-
esses. It arises from two key observations. First, learners’
goals for learning take precedence over goals set by teach-
ers, authors of curricula, and developers of learning ob-
jects. Second, learners are in charge of how they learn.
They choose which study tactics and learn-
ing/composing/problem-solving strategies to use as they
strive to achieve their goals. Research shows learners often
set unsuitable goals, have a limited repertoire of learning
skills, often do not use learning skills they have, and fre-
quently need extensive help to manage learning and col-
laborative tasks. These provide the opportunities for sys-
tem-initiated interaction. In MI-EDNA, opportunities for
mixed-initiative interactions are recognized based on the
sequences of strategies and tactics used by the learners. The
system observes the fine-grained interactions of the user
with the online material, translates such interactions into
coarse-grained strategies and tactics, recognizes patterns of
usage of strategies and tactics, matches these patterns
against the optimal strategies and tactics prescribed by

SRL, and triggers system-initiated interactions to scaffold
the learner who has strayed away from optimal SRL strate-
gies.

In many earlier systems the control of the discourse was
granted to one agent, be it the learner or the system [6][5]
or alternatively, a passive listener was created [7] who does
not assume control. To overcome the mechanistic method-
ologies adopted in the design of such systems mixed initia-
tive interactions are incorporated in many interfaces which
allow for either agent (human or the system) to interrupt
and take the initiative in a discourse or a dialogue. This is
similar to the way that humans often asynchronously as-
sume control of the conversation while speaking within the
context. Seeing the growing importance given to mixed
initiative dialogues, developing models using mixed-
initiatives has become critical to environments where learn-
ers interact intelligently with a system [10].

An MI based mechanism would thus be ideal in order for a
system agent to monitor the progress of a learner who is
engaged in the learning environment and present periodic
recommendations to the learner while establishing a rele-
vant context that could prove helpful to the learner for self-
regulation. We mimic such mixed-initiative behaviour of
the system agent using a production rules.

ENCODING SCAFFOLDS IN MI-EDNA

We have modeled a few scaffolding tactics and strategies
in MI-EDNA based on the scaffolding/fading techniques
addressed in [3] and [17]. Scaffolding encourages learners
to plan their learning process, to monitor their emerging
understanding, to use different strategies to learn, to handle
task difficulties and demands, and to assess their emerging
understanding in comparison with other learners. In es-
sence, MI-EDNA helps a learner to self-regulate as well as
to co-regulate with fellow learners.

In most tutoring systems, it is easy for a learner to lose in-
terest in learning and leave the computer without the con-
sent from the tutoring systems [12]. Research also shows
that novice and weaker learners fare better in highly struc-
tured programs with high system intervention while ad-
vanced learners with higher ability are better judges of their
own need for system help and intervention [1]. Therefore,
in order to obtain better tutoring outcomes, a tutoring sys-
tem should emphasize effective engagement of learners in
the learning process and be adaptive to each individual
learner.

The scaffolding mechanism discussed in the context of MI-
EDNA has the ability to dynamically adapt to most learn-
ing patterns. We contend that adding a degree of motiva-
tional discourse to the entire dialogue would gain and sus-
tain the learner’s attention, provide learning experiences
and offer a satisfying experience by boosting the learner’s
confidence.

MI-EDNA obtains a large base of learning patterns from
interactions of learners when they use the gStudy system



[18]. gStudy provides a framework for active online learn-
ing that allows learners to self regulate their learning proc-
ess. It presents domain-specific kits that consist of organ-
ized collections of connected learning material. The learn-
ers engage in various learning activities within gStudy in-
cluding marking, highlighting paragraphs, note taking,
online help, compiling, composing, and so on. These inter-
actions along with the domain specific knowledge of the kit
in current use are comprehensively monitored and recorded
in interaction logs. The interaction logs are then parsed and
instantiated into the ontology in MI-EDNA for use as a
knowledge base for the application of the rules. MI-EDNA
uses this knowledge base to recognize patterns of tactics
and strategies enacted by the learners. Our rule based sys-
tem, as a subset of the MI-EDNA system, operates on this
instantiated ontology to obtain a set of facts that capture the
current interactions of the user with the gStudy system. The
production rules match the tactics and strategies adopted by
learners to specific phases and variables of SRL. The pro-
duction rules also peer into the meta-data associated with
the domain-specific kit of gStudy that is currently in use by
the learner and use the information obtained to ascertain
the current topic under study. The topic under study cou-
pled with the learner strategies captured in the instantiated
MI-EDNA ontology are used to establish a context for pro-
viding learning scaffolds. Once the context of current
interaction has been established, the production rules
decide on appropriate feedback. The degree of system
initiated interaction is also monitored and closely matched
to the level of self-regulation exhibited by the learner in
question. The amount of scaffolding and regulation re-
quired by learners varies and so the system engages novice
users in a more structured manner, frequently interacting
with them to help them adopt the SRL mould. Advanced
learners on the other hand are subjected to weaker and
more flexible manners of interaction which allow for much
greater levels of user freedom. Also, a fading mechanism is
proposed as part of the final system which would oversee
the transition of novice learners into more advanced
moulds and correspondingly fade out the degree of

seaelds,Providessearch direction involves implementing
the rule set for the MI-EDNA system. We have finished
with a preliminary identification of the domains of scaf-
folding for MI-EDNA and the specification of the rule set.
We are currently proceeding with integrating the scaffold-
ing rule set with the MI-EDNA mixed-initiative interaction
mechanism and are planning for an eventual integration
with the gStudy system.

Different domains require specific types of scaffolding to
varying degrees. In the next section we identify the three
domains that we address in MI-EDNA and highlight how
we customize the scaffolds based on the principles of SRL.

Domains in MI-EDNA

Scaffolds are customized to the needs of each learner and
are presented to the learner at opportune times when the
system chooses to initiate an interaction. The scaffolds con-
tain cognitive and/or meta-cognitive feedback. This also
promises to ease the transformation of their study strategies
to incorporate self-regulatory mechanisms.

We contend that online learning using gStudy and MI-
EDNA helps learners converge towards optimal SRL
strategies. However, in a pool of a large number of learn-
ers, it is often noted that some learners do not converge
towards optimal SRL strategies due to failure to represent,
recognize, regulate, and react to their learning process.
Overall, studies indicate that highly self-regulating learners
tend to outperform the rest in hypermedia environments
[4].

The interactions of the user with gStudy pose a wide rang-
ing test-bed for implementing the recommendation mecha-
nism that would help ease the transition of learners from a
conventional approach to one based on SRL strategies and
at the same, embedding motivation within the superstruc-
ture.

In order to meet our goal of providing SRL-based scaf-
folds, MI-EDNA bases its recommendations on the type of
interaction mode that the user is currently using:

e Reading Mode: This mode implies an interaction proc-
ess where learners are engaged in reading-oriented
tasks using the gStudy system. The learners work with
a learning-kit that is specially created for a given do-
main of knowledge. The reading processes involve in-
teractions such as browsing, highlighting and making
notes. The system captures the reading interactions of
the learners and tracks the self-regulation strategies
enacted by them. The interactions captured while op-
erating in the reading mode are based on the processes
and strategies that learners choose to adopt while using
the learning-kit opened in the gStudy system. Once
these logged interactions are instantiated into the on-
tology, a set of preliminary facts is generated for the
rules to base their firing sequence upon. On the basis
of this information, scaffolds are generated by the fir-
ing of rules in a certain sequence. The system then
takes the initiative to provide these scaffolds to the
learner. Table 1 shows a sample mixed-initiative read-
ing interaction between a learner® and the system in the
Reading mode.

Table 1 - Sample Learner-System Reading Interaction

Learner <begins a reading session>
Learner Browses the web page
Learner Highlights a paragraph
Learner Highlights a paragraph

! A rather obedient and compliant learner!



engages the learner in devising a composition plan.
Later, the system tracks the development of the com-
position as reflected in the ontology with more interac-
tion details. The structural validity is inspected with
respect to the plan as well as with respect to the re-
quirements of the exercise. The system takes initiative
when learners deviate from the plan or the require-
ments. Initiatives originating from the system concen-
trate on helping the learner identify strategies to refine
his/her form of expression and organize his composi-
tion as per the plan and the requirements. Table 2 -
Sample Learner-System Writing Interaction. Table 2 shows
a sample writing interaction between a learner and the
system.

Table 2 - Sample Learner-System Writing Interaction

Learner Highlights a paragraph

System <at this time the system takes initiative to

(Takes suggest feedback> It appears that you have

Initiative) | highlighted the content 3 times. May | sug-
gest that you take notes corresponding to
your highlights?

Learner <reverts back to the last highlight and cre-

(Takes ates a note of type ‘Important’ on the high-

Initiative) | light (without elaborating the importance of
the highlight)>

System May | suggest adding a brief paragraph de-

(Takes scribing the context for the note for future

Initiative) | reference?

Learner <adds a paragraph explaining why the high-
lighted text is important>

Learner <highlights a paragraph, and makes an ‘Im-
portant’ note with elaboration>

Learner <highlights a paragraph, and makes an ‘Im-
portant’ note with elaboration>

System It appears that you feel comfortable making

(Takes ‘Important’ notes, may | recommend also

Initiative) | exploring other types of notes in the future.
For example ‘Critical Detail’ and ‘Signifi-
cant Study’.

Learner <starts a composition session by selecting
and modifying a composition plan (struc-
tural outline) from a list of plans presented
by the system>

System In addition to a composition plan, a good

(Takes composition would benefit from the devel-

Initiative) | opment of a concept map.

Learner <takes some time revising the composition
plan and generating a concept map>

Learner <starts to write the essay by typing a long
paragraph of text>

System Is the paragraph too long?

(Takes

Initiative)

Learner <splits the long paragraph into multiple

short paragraphs; continues with the action
in the composition plan>

Learner <changes previous ‘Important’ note to
‘Critical Detail’>

Learner How is the ‘Important’ note different from a

(Takes ‘Critical Detail’ note?

Initiative)

System <explains the difference between the notes>

Learner <highlights a single word>

System In addition to taking notes, you may also

(Takes define names for the glossary and define

Initiative) | concepts.

Learner How do | access the glossary after | define a

(Takes name?

Initiative)

System You could toggle the drop down menu in

(using between the table of contents and the kit

gEliza?) details at the left of the browsing screen.
Selecting ‘Glossary” will let you view it.

Learner <continues with work>

Problem-solving Mode: gStudy and MI-EDNA can
also engage learners in problem-solving activities.
Presently, the system captures the interactions of the
learner who is writing Java-based programming code.
We are currently working to include a built-in IDE? to
write, compile, and debug Java programs within the
system. The IDE would support interactive compile
time feedback based on the production rule set for the
domain. The system would take the initiative at com-
pile time and base its scaffolds on the syntactic and
structural errors in the composition of the program.
Table 3 shows a sample problem-solving interaction
between a learner and the system.

Composition Mode: Our system can also present the
learner with a series of composition exercises. To start
with, the system acquires a context for interaction from
the usage patterns of the learner that are instantiated in
the composition domain ontology. Then, the system

2 A dialogue-based help system that is modeled after the famous
Eliza (from the literature of Artificial Intelligence)

Table 3 - Sample Learner-System Problem-Solving Interac-
tion

Learner <starts a Java Programming session>

Learner <writes five lines of code without internal

% Integrated Development Environment for Programming




documentation>

Learner <compiles the code>

System You are missing: 1) inclusion of system

(Takes libraries and 2) internal document that helps

Initiative) | in planning the code. I also think that you
are compiling too soon.

Learner <writes more code; includes the required
class libraries; forms templates for the user-
classes as part of the internal documenta-
tion>

Learner Compiles the program again.

(Takes

Initiative)

System Good! Are we self-regulating or what! An-

(Takes other good strategy in coding isto <...>

Initiative)

These interactions highlight the importance of SRL-
oriented scaffolded feedbacks and how they possibly influ-
ence the learning process. Even though the interactions
look superficial, we believe that most novice learners
would benefit from such scaffolded mixed-initiative inter-
actions to improvise their self-regulatory skills.

CATEGORIES OF SCAFFOLD

FEEDBACKS

Among the various scaffolding techniques that we have
observed in the literature, we are focussing on the follow-
ing five categories of scaffold feedbacks as shown in Table
4. They are:

e Content Scaffolds are based on the content that the
learner is currently interacting with in a session. For
instance, the system can help the learner set long-term
and short-term goals.

e Process Scaffolds guide the learner to monitor his/her
learning processes. For instance, the system can assist
the learner in formulating a learning strategy and trace
the learner activities with respect to the strategy.

e Learner Knowledge Scaffolds are based on the subject
knowledge of the learner as modeled by the system.

For instance, based on the recent quiz results, the sys-
tem can advice the learner to review specific sections
of the content.

e Normative Scaffolds place their emphasis on the norms
established by other learners in group-study or class-
room settings. The feedback offered here is expected
to help a learner learn by emulating the tactics of oth-
ers. For instance, learners may wish to query the sys-
tem to reflect on the best reading practices of a fellow
learner who consistently scores top grades in the class.
Based on this reflection, the system may revise the
reading strategy for the learner.

e Context Scaffolds offer standardized Knowledge of
Correct Response (KCR) [13] where the system pro-
vides relevant information when it is aware of the in-
formation required by a learner in response to his/her
interactions. For instance, when the learner does not
understand a particular word with respect to a reading
task, the system can provide related information from
the glossary or the concept map.

In order to present the scaffold feedback, the system recog-
nizes opportunities to take the initiative from the learner.
We choose to implement the scaffolds using a rule based
system because of the inherent flexibility that is imparted
by them. Our production rule system provides a basis for
easy representation of the interaction features in the form
of facts allowing multiple aspects of interaction (as multi-
ple facts) to influence the firing of a rule. Beyond simply
checking for a specific interaction feature, the firing of a
rule based on multiple interaction facts helps the system
easily analyze the user’s process to determine whether the
user is making errors that might be corrected through task
analysis and scaffolding. Rules also do not require training
data, unlike most probabilistic methods of analysis and are
thus less prone to the characteristically individually unique
nature of human interaction. Thus production rules provide
an ideal vehicle to be able to analyze the variables of SRL
and form scaffolds on their basis. Table 4 presents a de-
tailed view of the scaffold feedbacks.

Table 4. Categories of Scaffold Feedbacks

Categories | Sample System Scaffold Initia- Rules example Tactic/Strategy

tion Opportunities Suggested
Content Goal setting strategy sugges- | The system evaluates the topic under study and helps the | Goal Formation
Scaffolds tions learner form a set of short- and long-term goals.

Providing reference material

The system provides sources of information that are relevant
to the set of goals established for the given content.

Goal Oriented
Resource ldentifi-
cation

Help learner focus attention
on important sections

If the learner takes notes only on certain topics, then system
recommends other document locations that are linked to the
same topic, which the learner may not be aware of.

Linked Resource
Identification




If the learner makes a ‘question’ note and if an answer ap- | Linked Knowl-
pears nearby or has been identified in the learning material, | edge Collation
then the related topic is presented.
If a majority of learners spent a considerable amount of time | Collaborative
reading a section, then associate the speed of reading with the | Emulation
corresponding content and the performances of learners in
evaluation exercises related to that content.
Based on the learner’s inter- If the learner is only highlighting, then the system recom- | Self Study Im-
action, the system can guide mends the use of taking notes to the highlighted text. provisation Tac-
him/her specific SRL tactics tics
Process Reminders for incomplete If the learner takes notes but doesn’t write anything in the | Self Study Im-
Scaffolds tasks notes, the system recommends filling in short descriptions to | provisation Tac-
help the learner recall. tics
Students may be prompted to go back to ‘question’, ‘to do’, | Task Recollection
‘don’t understand’ and ‘debate’ notes on which they have
not elaborated.
After observing the structural | If a learner tries to write an essay as one long paragraph then | Written Structural
details of learner composi- prompt the learner to follow a standard pattern or template. Standardization
tions, standardization may be
suggested
Learner System compares results of System evaluates learning outcomes and compares the | Goal Based
Knowledge learner interactions with progress with respect to the established goals, giving a | Evaluation
Scaffolds goals performance appraisal.
The system provides feed- The system can show the learners’ knowledge status based | Progress Level
back on the learner’s current | on the learner’s model. Reflective Moti-
knowledge level vation
Normative Based on peer interactions The system shows the learners their standings in re- | Comparative
Scaffolds and accomplishments, the gards to the score or the learning style with respect to | Motivation
system can initiate compara- | their peers.
tive accomplishment statistics
Context Context-Based Help If the learner highlights a word and makes a ‘Don’t Under- | Knowledge of
Scaffolds stand’ note then the system searches in the Glossary for that | Correct Response
word and then provides the reference to the learner.
the delivery of SRL-based feedback. In summary, MI-
CONCLUSION

MI-EDNA represents the scaffold feedbacks in terms of
production rules. Using a rule based inference mechanism
for scaffolding paves way to build a dynamic and robust
interactive system that offers recommendations based on
the asynchronous actions of the learner. Thus, inherently
the system gains a degree of initiative taking®, albeit still
dependent on the actions of the learner. The calculation of
the degree of initiative taking corresponding to a set of
interactions determines the fading effect (systematic and
graceful degradation of support) of the system with respect
to the requirements of the learner.

Presently, our work focuses only in recognizing tactics
enacted by the learners, envisage the underlying strategy
that spawned the tactics, and recognize opportunities for

4 Currently, the degree of initiative taking is dependent on the
frequency of opportunities for system initiations and the impor-
tance of the category of the scaffold feedback.

EDNA observes the fine-grained interactions of the learner
with the online material, populates these interactions in an
ontology, automatically translates these interactions into
fine-grained tactics, predicts the coarse-grained strategies,
matches these observed tactics and strategies against the
optimal tactics and strategies prescribed by SRL, triggers
system-initiated interactions to prompt and guide the
learner who has strayed away from optimal SRL tactics and
strategies, enables a logic-based query interface for learner-
initiated interactions, develops a cognitive model of skills
of the learner, and attempts to revise the ontology based on
the model.

The gStudy project has already shown promise with initial
student trials which suggest that it would be highly benefi-
cial to their learning process [8]. We believe that rule based
systems help achieve better interoperability between vari-
ous knowledge domains and allow operations on different
knowledge representations. Some of the research directions
that are open to future research include a) knowledge engi-



neering of applied educational psychology domains such as
reading, composition and problem-solving, b) a model of
the self-regulatory capabilities of learners, ¢) an evaluation
of the influence of mixed-initiative interactions and inter-
faces, d) the development of a cognitive model of the self-
regulatory skills of the learner, €) employing MI-EDNA for
co-regulated learning, f) the verification and validation of
the underlying SRL model based on the cognitive model, g)
providing a common ontological SRL framework for geo-
graphically distributed learners and instructors in a blended
online learning environment, g) explanation-aware SRL
modelling and scaffolding and h) a study of the effect that
actively provided scaffolds, based on the context estab-
lished, would have on the cognitive load of the learner.
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geared towards addressing our goals of capturing the inter-
actions by the learner and disseminating the principles of
SRL to the learners.

The architecture is implemented from within the scope of
the LearningKit Project’ as part of a generic study tool
named gStudy®. Learner interactions with gStudy are auto-
matically captured in an XML log file and are simultane-
ously mapped onto an extensive ontology named CITL.
The interactions that we currently target in gStudy include
browsing, highlighting, compiling code, text chatting, in-
dexing, concept mapping, note taking, reviewing, and col-
laborating. Using the log as the source one can record vari-
ous tactics and strategies when students are engaged in
performing tasks related to reading, composition, or prob-
lem-solving.

The observed interactions are automatically instantiated in
our ontology. A query interface has been built using which
learners themselves review, recognize, and relate strategies
and tactics that they used as part of their learning activities.
Further, the system also attempts to recognize learner
strategies and tactics as observed in their interaction with
gStudy. The system can initiate interactions with the
learner to promote specific strategies and tactics. It can also
initiate interactions with the learner when it finds gaps in
learner strategies and tactics. Further, it can initiate interac-
tions with the learner with respect to the strategies and tac-
tics employed by other students. Using these three recog-
nizable opportunities, we provide contextualized feedback
to learners, on the fly, as they study or solve problems in
specific learning activities. Our research collects data on
how such explainable and theory-oriented prompting and
feedback promote significant, transferable, and enduring
changes to learner study skills and problem solving abili-
ties. The rest of the section discusses the components of the
architecture.

Ontological Underpinnings

The use of ontology as knowledge representation and
knowledge sharing mechanism is a century-old notion in
Philosophy. Over the past decade, ontological knowledge
representation has been extensively employed in online
learning environments. In educational environment, the
use of ontology for authoring [4] [20], knowledge engi-
neering [28], and automated instantiation [1] have been
areas of recent interest.

The ontological representation of the domain knowledge
and the interaction knowledge allows for a formal repre-
sentation of concepts and the relationships between them in
Description Logic as formulated in OWL-DL. OWL-DL
allows us to represent concepts and relations with restric-

7 http://www.learningkit.sfu.ca/index.html

8 gStudy — The online learning tool developed for LearningKit project.

tions. In the following section, we will describe the CILT
and the TTS ontologies in detail.

Content-Interaction-Learner-Time Ontology
Content, learner, interactions, and time are computational
entities that are fundamental in representing the learner
interactions within the gStudy tool. The objective in build-
ing this upper level application ontology is twofold —first, it
provides a sharable and interoperable framework; second,
it provides flexibility in terms of plug-and-play compo-
nents. That is CILT as a whole can be applied across dif-
ferent domains in interoperable manner. Also, the four
major components (Content, Learner, Interaction, and
Time) of the ontology can be used interchangeably across
different applications/domains.

) owit: Thing (18) || kZ» et _section
v (C)c:Cortert -:I;>L:L'1_.‘_;.a.-:tiu|12
\E) C:ContertRef @ C:C1_Sectiond
v @ C:DocumertElements @ CiChapter] -Arrays
.J_:) C:DocumertCommernt Q}“ C:Chapter2-LinkedLists
.J_:) C:DocumertFragments (5 ~§> CChapter3-Hashing
| 2 @ C:Elements
@ C:PageElements
v @ L:Learner
.E) L:LearnerLIP
@ L:LearnerLi<
@ L:LearnerP AP
v .E:' PC:ProgrammingConcepts (1)
| 2 @PQ':.-’:.Iquthms
@ PC: Challenges (2)
| 2 @ PC:DataStructures
| 2 @ PC:DesignPatterns
.E) PC:Efficiency (1)
| 2 @ PCErrors
| 2 @ PC:HardwareConcepts
| 2 .E:' relf:Property (18)
@tim.—.-cmry: CalendarClockDescription
-@:‘time-emry: DurationDescription
@tim»—.-eml"y': Instant ThingPair
| 2 -@ﬁmr—.-en‘tw:T-e|n|.-u|'aIThi|1q
'\;C:"til'm-:-'-!ITtl"y'i Temporallnit (7) —

Figure 2 - Excerpt from the CILT ontology

Specific domain ontologies are a collection of ontology set
which define the details of general concepts and their fea-
tures in each sub-domain. The CILT ontology® relies on
four specific domain ontologies listed below:

e Content - This ontology holds references to all the
content related to the application in a domain.

e Interaction - This ontology defines the interactions a
learner can enact within an application.

e Learner - This ontology identifies the concepts and
relations associated with the learner's subject knowl-
edge, their social skills in terms of online communica-
tion, and process/normative/knowledge feedback that

® http:/Amwww.sfu.ca/~shakya/ontology _lib



they received from the instructors or from the system.
This ontology can be easily extended to allow for other
learner ontologies such as LIP, PAPI, and so on.

e Time - The time ontology is imported from DAML-
Time™.

The CILT ontology is represented in OWL-DL format.
CILT ontology is enhanced by the restrictions on concepts
and relations based DL constructs. For example, for every
note taken by a learner, the note has to be linked to atleast
one documentFragment. Thus, with the use of Cardinality
synopsis as such featured in OWL-DL enriches the repre-
sentation of CILT. It captures the essence of the learners’
interactions in the application at any given timeframe. An
excerpt of the ontology is presented in Figure 2. Interac-
tion ontology consists only of object properties that glue
the other three ontologies together.

Teaching Tactics and Strategies Ontology

The TTS ontology formally captures SRL-specific teaching
tactics and strategies in addition to other human-oriented
teaching tactics and strategies. An excerpt of the TTS on-
tology is presented in Figure 3.

</foml:Class>
<owl:Class rdf:about="#3RL3elfReflectionPhase">
«<owl:disjoineiichy|
<owl:Class rdf:about="#3RLFerfornancePhase”/ >
</owl:dizjointiiiche
<rdfs: subClass0t>
<owl:Class rdf:ahour="#5elfRequlatedlearningET™ />
</rdfs:subClass0t>
<owl:disjointilith rdf:resource="#5RLForeThoughtPhase” />
</oul:Class>
<owl:Class rdf:about="#EvaluationTT">
<owlidisjointiflith rdf:iresource="#IndependdentieatlorkTT" />
<owl:disjoinciiichs
<owl:Class rdf:about="#3ummarizingTT" />
</owl:dizjointiiiche
<owl:disjointiiich>
<owl:Class rdf:ahour="#IdencifyingllewConceptsTT™ />
</owl:dizjointilichs
<owl:disjointiiichs
<owl:Class rdf:about="#FeedbackihowingGrowthTT" />
L/owl: dizjointiliths
<owlidisjointiflith rdf:iresource="#QuestionsTT"/>
<owl:disjointliiichs
<owl:Class rdf:about="#ClusteringTT"/>
</fowl: disjointiliths
<owl:disjointiiich>
<owl:Class rdf:about="#0utliningTT"/ >
</owl:dizjointilichs
<owl:disjointWiths
<owl:Class rdf:about="#TransitionTT"/>
</owl:disjointiiiths
<owl:disjointiiich>
<owl:Class rdf:about="#MakingDecisionTT" />
</owl:dizjointilichs
<rdfs:comment rdf:datatype="http:/ mmr. w3, org/2000 XML chemagstring”
revaluates self by reflecting, reviewing or attempting the quizes</rdfs:comment>
<owl:dizjointiiths
<owl:iClass rdf:about="#PerformancelnprovenentTT" />
<fowl:disjointiiths
<owl:disiointiith=

Figure 3 - Excerpt of SRL principles in TTS

Educational Psychologists have identified and advocated a
number of models of learning corresponding to SRL. One
such model promotes that SRL consists of the phases of
forethought, performance, and self-reflection [41]. The
forethought phrase corresponds with the preplanning a
learner would undergo prior to engaging in the learning
activity. The self-reflection phase corresponds with the
post-leaning process. The performance phase reflects the
processes that occur during learning. Learners’ engage

10 http://www.isi.edu/~pan/damltime/time-entry.owl

themselves in learning tactics to achieve self-control and
self-reflection during this phase.

Student learning activities, their interactions with MlI-
EDNA, and typical SRL tactics and strategies are repre-
sented in the TTS ontology. The necessary and sufficient
conditions of SRL tactics and strategies are also repre-
sented in the ontology. The tactics and strategies are feed
into the JESS inference engine as production rules. The
system relies on SRL rules and the learners’ interactions to
recognize initiative opportunities and prompt feedback to
learners during the learning process.

The TTS ontology can represent different SRL models,
independent of each other. OWL-DL axioms synopsis such
as disjointWith, oneOf and OWL-DL boolean combinations
of class expressions synopsis such as unionOf, intersec-
tionOf provides the expressive power of representing the
SRL models in the TTS ontology. Presently, MI-EDNA
represents and reasons with two SRL models — Zimmer-
man’s three phase model [41] and Winne and Hadwin’s
model [16].

Different types of constraints have been built correspond-
ing to ‘owl:DataTypeProperty’ and ‘owl:ObjectProperty’
in Protégé with respect to the phases of the SRL models.
For example, the SelfRegulatedLearningET in Zimmer-
man’s SRL model consists of ‘DataTypeProperties’ such
as ‘hasGoal’, ’hasExpectedOutcome’, ‘hasSelfEfficiency’,
‘hasStrategicPlan” and so on. The concept constructs for
SelfRegulatedLearningET define the uniqueness of the
three phases of the model. As an extension of the concept,
the concept constructs further define the concept Opti-
malSelfRegulatedLearningET by imposing restrictions on
the DataTypeProperties.

Learner transitions across phases are enabled based on val-
ues of certain DataTypeProperties. For example, in order
to reach optimality, the SRLForeThoughtPhase enforces
the restriction on DataTypeProperties such as hasGoal,
hasPlannedStrategy to be set to True. This indicates that
the learner has defined his/her goal prior to starting the
learning process.

Recognizing interactions at finer levels, such as highlight-
ing, linking, creating summary note, creating concept
notes, browsing and matching these interactions to tactics
and strategies at the coarser levels [16] enables the system
to identify the SRL principles and phases that the learners
are engaged in.

Ontology Instantiation

Ontology of any domain or application serves as the blue-
prints for knowledge sharing and representation in that
domain or application. This very basis of the framework
that underlies ontology supports the key capabilities needed
to realize the vision of Semantic Web, namely representing,
acquiring, sharing, and utilizing knowledge on the web.
However, knowledge representation and sharing capabili-



ties need to be transparently interwoven between the web
application and services at the user interaction level and the
ontological representation, recognition, and reasoning at
the meta level. Automated instantiation of the ontology
still remains as one of the crucial aspects of ontological
knowledge engineering for the web. The strength of se-
mantic web relies heavily on the automatic or semi-
automatic instantiation of knowledge in the ontology.

Manual knowledge instantiation is tedious, cumbersome,
and error prone. Ideally, ontologies should be instantiated
in an automated fashion. This is particularly vital in a web
environment. However, not many systems have been de-
signed to fully automate instantiation of the underlying
ontologies. Given the importance and complexity involved
in instantiating ontologies, it remains an ongoing research
in our laboratory.

We are successful in accomplishing automatic and semi-
automatic instantiation of ontologies in MI-EDNA. The
content is meta-tagged and instantiated in the ontology in a
semi-automatic manner. For instance, the online contents
for Java Programming have been developed and tagged
using DocBook™ platform. We then used a script to con-
vert the tagged content into the corresponding OWL for-
mat. Later, we invited content authors to verify and vali-
date the associations between the content and the tags.
Since the content mainly consists of static information*?,
the verification and validation process involves minimal
interaction from the content author. Nevertheless, manual
interaction, mostly from the content author, is still required
to identify, verify, and validate the concepts, the relations,
and the constraints associated with the content.

The learner interactions, however, are fully automated.
While learner interactions are logged in a file, in parallel,
the real time interaction data is also fed into the ontology
instantiating concepts and relations.

Reasoning and Inference

The formal representation of the SRL principles in the TTS
and the CILT ontologies enables knowledge to be proc-
essed with logical reasoning mechanism as well as with
rule-based reasoning. The ontologies are represented in the
OWL-DL sublanguage and thus, permits the use of reason-
ers based on Description Logic (DL) [5]. DL reasoners®
help build and maintain sharable ontologies by revealing
inconsistencies, hidden dependencies, redundancies, and
misclassifications [34]. Some of the basic DL reasoning
techniques are: class consistency, concept subsumption,
instance checking, and concept satisfiability [5].

1 www.dochook.org

12 Dynamic content creation and tagging is yet another ongoing research
in our lab

13 http:/iwww.racer-systems.com/

In the content ontology that is within CILT, the relation
‘hasElement’ has been established between ‘Document-
Fragment’ and ‘Image’ as an ‘owl: TransitiveProperty’, and
the relation ‘isPartOf’ has been established as the ‘inverse
property’ of ‘hasElement’. Instantiating the ontology, the
‘Chapterl_sectionl’ has a relation ‘hasElement’ of type
‘Image’, which in turn is a part of the ‘Media’. As a result
of this, DL can be used to conclude that ‘Chap-
terl_sectionl’ has an element ‘Media’.

Aside from OWL reasoners for inferencing knowledge
from the ontology, we are also using the JESS inference
engine to infer SRL specific strategies and tactics. The
system uses the JESS inference engine with the rules built
to cater to the requirements of the TTS ontology. The in-
stantiated CILT ontology with OWL-DL formalisms are
parsed into the JESS inference engine as JESS facts. Thus,
we have used rule-based mechanism in MI-EDNA. JESS
rules play a major role in the analysis and dissemination of
SRL specific knowledge. The TTS ontology defines the
rules for JESS and the interactions of the learner act as
facts. This production rule mechanism permits the system
to detect the SRL principles that the learners are engaged in
and provides the logical point of information dissemination
to the learners.

Disseminating SRL principles

We have explained how the SRL principles are captured in
the ontological representation and how the learner interac-
tions are automatically instantiated into the CILT ontology.
This section explains the reason why and how we plan to
disseminate the SRL principles that have been captured.

Research in educational psychology has successfully
shown that self-regulatory processes induce positive, sig-
nificant, transferable, long-term behavioural changes in
learners’ study patterns. When learners study or solve
problems, research indicates they can benefit by having
access to feedback about

e Methods they use to study/solve problems (process
feedback),

e How much they have learned (knowledge of results),
and

e How learner’s peers study and what they score on tests
(normative feedback).

Because gStudy logs fine-grained data about the interac-
tions pertaining to these types of feedback, we can mine
these data to generate these feedbacks.

Table 1 presents the mapping of interactions, tactics and
strategies. In each row, the first column indicates the set of
interactions enacted by the learner; the second column in-
dicates SRL tactics corresponding to these interactions; and
the third column indicates the SRL strategy corresponding
to the tactic. For instance, the learner interaction recog-
nized as summaryNoteTaking is mapped onto the SRL tac-



tic named summarizing which in turn mapped onto the SRL
strategy named ElaborationStrategy.

Table 1 — Sample mappings of Interactions, Tactics and
Strategies

Interactions SRL Tactics SRL Strategies

Concept Highlight | IdentifyingNewConceptsTT | Critical ThinkingTS

Summary SummarizingTT ElaborationTS
NoteTaking

Linking Note to | ClusteringTT OrganizationTS
Concept

Zimmerman’s SRL model defines that during the Perform-
ance phase learners engage in self-control through the use
of SRL strategies such as elaboration, organization and
engage in self-reflection through the critical thinking
strategies. In the example shown in the table, the learner
has demonstrated the performance of the elaboration strat-
egy, the organization strategy and a partial performance of
the critical thinking strategy. Thus, MI-EDNA is able to
track higher level SRL strategies from lower level interac-
tions and tactics.

Table 2 - SRL Rules

Feedback System initiation oppor- Rules example
categories tunity
Process = Based on the student’s If student is only high-
feedback interaction, the system | |ighting, then the system
can guide the student in can recommend the use of
using some more of the . .
SRL tactics in their taking notes to the high-
online learning lighted text for material
relevance and ease of
search on topics.

« |If the student is taking If the student is taking
notes on specific topic | notes only on certain
then the system can ini- topic, then system can
tiate some other refer-
ence material the stu- | recommend  other docu-
dent may want to re- ment locations that is
view. linked to the same topic,

that the learner may not be
aware of.
Knowledge « Based on learners’ ac- The system can show the
of  results complishment with the | |earners’ knowledge
feedback 9”""6 course and the status based on the inter-
interactions accom- .
plished, the system can actlo_ns and content learner
initiate information on | had interacted.
the learner’s current
knowledge status.
Normative » Based onall peerinter- | The system can show the
feedback actions and accom- learners’ their standings in
pllshn)e_nts, the SVStef“ regards to the score or the
can initiate comparative . ;
knowledge status and Iearnl.ng style with respect
comparative accom- to their peers.
plishment statistics

MI-EDNA has two distinguishing features. First, system-
initiated queries and responses are based on data that
gStudy gathers on the fly. For instance, a student can in-

quire about the number of times she has reviewed a glos-
sary term in a session. Second, the topic of queries can be
about the content studied and about the study tactics as
traced by gStudy. For example, a learner will have tools to
build complex queries, such as what percent of students in
his/her class highlight text then immediately make a note
and link that note to relevant glossary items and score more
than 85% on the test covering the assignment.

Thus, our system disseminates SRL principles to induce
positive, significant, transferable, long-term behavioural
changes in learners’ study patterns by scaffolding the learn-
ing process with appropriate feedback and guidance.

PLANS FOR EVALUATION

An experiment was conducted to access the utility of
gStudy in disseminating SRL behaviour. 230 Students par-
ticipated in the experiment and log files were collected that
contained the interactions of the learners with the gStudy
software. The results of the experiment have been reported
in Hadwin etal. [17]. As part of the evaluation of MI-
EDNA, we plan to conduct a test to calculate the percent-
age of tactics and strategies that MI-EDNA is able to auto-
matically recognize with reference to the number of tactics
and strategies manually recognized by Hadwin et. al [17].

In addition, we also plan to conduct a full-cross over em-
pirical evaluation to access the change in the self-
regulatory abilities of learners.

CONCLUSIONS

Our research explores the effectiveness of the formal repre-
sentation of the SRL principles. Ontological Representa-
tion creates a feasible, sharable and an easily expandable
knowledge base. Through MI-EDNA we are able to suc-
cessfully capture and disseminate the SRL tactics and
strategies. Using the same underlying instantiated ontol-
ogy, we enable reasoning based on Description Logic and
production rules. We contend that using MI-EDNA the
learners will have more opportunities to reflect on and
regulate their learning processes.

Some of the research directions we plan to pursue in the
future include a) knowledge engineering of applied educa-
tional psychology domains such as reading, composition
and problem-solving, b) a model of the self-regulatory ca-
pabilities of learners, c) an evaluation of the influence of
mixed-initiative interactions and interfaces, d) the devel-
opment of a cognitive model of the self-regulatory skills of
the learner, ¢) employing MI-EDNA for co-regulated
learning, f) the verification and validation of the underlying
SRL model based on the cognitive model, g) providing a
common ontological SRL framework for geographically
distributed learners and instructors in a blended online
learning environment, and g) explanation-aware SRL mod-
elling and scaffolding.
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