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Identifying Effective Structural Dimensions for Course Portals

Catherine Dwyer, Pace University, United States of America
Jeanine Meyer, Purchase College, United States of America

Abstract: Modern university courses are brimming with content — multimedia, PowerPoint presentations, online tutorials,
web resources, not to mention the standard text and face to face meetings. Are we overwhelming our students, force feeding
them material? How can we integrate all these individual pieces? Are we asking too much of our faculty by giving too many
choices? Course designers and instructors face a great challenge when trying to combine multi-modal disparate course
components. Standard course management tools serve as primitive containers for course content, with minimal flexibility
or ability to present a multi-dimensional course structure. How can we improve course management tools to optimize the
cornucopia of content at our disposal? This paper proposes the key functional requirement is the ability to construct and
present course content along a variety of dimensions. The critical dimensions are temporally-based — material for a partic-
ular time period , content-based — material related to a specific topic, activity-based — required for a paper or exam, and
cognitive-based — degree of difficulty or complexity. The mechanism for improved course portal organization is the ability

for instructors to present and students to navigate course content through these different dimensions.

Keywords: Instructional design, Online learning, Information overload, Cognitive load theory

Introduction

HE WIDESPREAD DISTRIBUTION of
Internet access has greatly increased the
ability of instructors to distribute supplement-
al course material through a web site or
course portal. The sources for this extra content can
be material produced by the instructor, resources
from other web sites, or from textbook publishers.
The material available is often very high quality
and richly varied, providing depth and rigor to the
learning experience. For example, the Shelly Cash-
man Discovering Computers Series has tutorials
created in Flash, crossword puzzles and practise tests
that are graded on the spot available for each chapter
of the text (http://www.scsite.com/dc2005/). The
Massachusetts Institute of Technology has made
available extensive course materials for dozens of
its courses (http://ocw.mit.edu/OcwWeb/index.htm).
The issue is not managing the quality of the mater-
ial but the sheer quantity available. As the American
comedian George Carlin explained, we have “too
much stuff.” (Carlin, 2005) As more and more ma-
terial is added to courses, students can be over-
whelmed by “information overload,” which shuts
down their capacity to absorb new information. This
is the exact opposite of our intention as instructors
when we add this material. The goal is to enrich
learning — instead, information overload freezes it
in place.
Therefore, the instructor or course designer should
keep in mind the danger of information overload,
and include or allow for student strategies to over-

come it. Hiltz and Turoff suggest that information
overload can be mastered through the use of structure
(Hiltz, 1985). Especially important are structures
that are developed by the course or group parti-
cipants, arising organically from the nature of the
material or the group (Turoff, 1999).

Although information overload is most associated
with the Internet, it is certainly possible to induce
this state without the use of a computer. One explan-
ation for this comes from Cognitive Load Theory
(Paas, 2003), which posits that human cognitive ar-
chitecture is made up of a small working memory,
supported by long term memory. Working memory
is where all conscious cognitive processing occurs.
Long term memory contains information organized
into schemas — “cognitive structures that incorporate
multiple elements of information into a single ele-
ment with a single function.” (Paas, 2003) For ex-
ample, learning a new language will quickly fill up
working memory, but riding a bicycle, a skill re-
trieved from long term memory, can be carried out
by adults who have not ridden in years.

Cognitive load theory not only explains the fre-
quency of information overload, it also suggests in-
structional techniques that minimize cognitive load
(i.e. content in working memory), and maximize the
ability to create schema and facilitate the incorpora-
tion of new concepts into long term memory.

Cognitive load theory argues that instructional
designers can take advantage of germane or effective
cognitive load (Paas, 2003). Germane cognitive load
refers to the manner in which information is presen-
ted to learners. It can enhance learning by reducing
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working memory resources needed to facilitate
search, and encourages the development of schema
acquisition and automation. It is only through schema
acquisition that long term learning occurs.

Adding Effective Structural Dimensions

Organization and structure will help bring order to
the vast quantity of material available, and enable
students to benefit from the resources available. For
example, all the resources associated with a particular
topic can be organized in one location. Or all the
readings for a week can be organized together as
well.

The problem is that the most popular course
management software does not provide robust tools
to enable the instructor to organize their material.
For example, Blackboard (www.blackboard.com),
a widely used course management system, does not
include a search function to allow instructors or stu-
dents to find resources within a portal. Instructors
can organize material by hand first by content and
then by due date, but if a changes occur, the instruct-
or has to make updates in multiple locations.

The critical functionality that can help solve this
problem is the ability to define dimensions for a
course portal that serve as organizing mechanisms.
A dimension is defined as a physical property that
represents a fundamental structural element. In this
context, the term dimension is generalized from the
standard meaning of height, width, and depth, to any
property that represents a fundamental structural
element. Identifying and using dimensions provide
a way for instructors and course designers to struc-
ture content and allow students to apply sense-mak-
ing, encouraging the formation of schema that enable
long term learning. The addition of tools that allow
designers to define and add dimensions would help
provide cognitive roadmaps into complex materials.

The use of dimensions as an organizing principle
is borrowed from architecture, biology, and other
sciences. For example, an architectural model
demonstrates the relationship of a new buildings to
its neighbours (see Figure 1), and the famous DNA
double helix captures the structure of genetic mater-
ial (see Figure 2).

Figure 1: Model for New World Trade Center Site Relates New Buildings to Existing Structures
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Figure 2: DNA Model Explains Structure of Genetic Material.

Although dimensions can help, they must be selected
carefully. Their meaning should be intuitive and easy
to understand. Otherwise they may cause extraneous
or ineffective cognitive load, which occurs when in-
structional procedures are confusing or distracting
(Paas, 2003).

The following dimensions are proposed for addi-
tion to course portals:

» Temporally based — course content is organized
by week or class in chronological order

» Content based — material related to a specific
topic

» Activity based — material tied to an ongoing
activity (project) or exam

» Cognitively based — material organized based on
its complexity or level of difficulty. Cognitive
dimensions are modelled on Bloom’s taxonomy,
starting with knowledge, then comprehension,
application, analysis, synthesis, and finally eval-
vation. (Bloom, 1954)

These dimensions are suggested because their
meaning is clear and intuitive, and, most importantly,
relate to typical student concerns. By using familiar
and intuitive dimensions to organize material, the
instructional designer can take advantage of germane
cognitive load, and assist students in forming schema
to make connections between concepts and form
schema that enable long term learning.

Functional Requirements for Adding
Dimensions

Instructors can already organize their material and
present it in various dimensions. The problem is this
must be done “by hand.” In other words, the instruct-
or can create a unit called “week 5,” then add in all

the relevant material for week 5 into that folder. If
the topic for that week is, for example, computer
networking, the instructor can create a second unit
labelled networking, and load up the material in that
location as well.

This method is tedious, and it creates the difficult
problem of managing duplicate copies of resources.
This is the critical flaw in most course management
systems. Content can be added anywhere in a course
portal, and it is the job of the instructor to keep track
of where it is placed and manage version control.

While it is tedious and difficult for humans to keep
track of resource locations and manage version con-
trol, this is something computer software has
mastered for decades. The relational database, first
described by E.F. Codd in 1970 (Codd, 1970), is a
powerful tool that can organize information around
several dimensions, known in database applications
as primary and foreign keys. For example, when you
view your e-mail, you have the ability to sort it by
date, author, subject, size, or other characteristics.
This ability comes from the use of database software.

While database software is very powerful, it only
works if a very important restriction is complied with
— there must be only one copy of an element in the
database. From that single copy, dimensions or keys
are added as indices or pointers to the element.

Although popular course management systems
such as Blackboard and WebCT (www.WebCT.com)
internally depend on database software, the power
of database features is not made available to instruc-
tional designers. In addition, no restriction is made
on how many times the same element can be added
to a course portal. If portals were managed as data-
bases, then adding dimensions to a course portal
would be very easy to implement.



INTERNATIONAL JOURNAL OF LEARNING, VOLUME 12

Designing a Course Portal as a Database

The most popular feature of course management
systems such as Blackboard and WebCT is their ease
of'use by instructors inexperienced with web design.
With very little training, an instructor can quickly
put together a course portal using Blackboard or
WebCT. Adding database features that restrict the
way in which instructors can add resources may de-
grade the case of use for these systems. So the
mechanism for adding these features must be done
carefully.

The ideal model for course portals with dimen-
sions and database features is the iPod digital music
player, created by Apple computer (www.apple.com).

=

Although digital music players, or MP-3 players,
have been on the markets for several years, the iPod
has quickly become the top seller, despite a higher
price tag. This has been attributed to its “simple el-
egance.” (Weiss, 2003)

AniPod is basically a database of songs. And like
all other databases, it only stores one copy of a song,
but sets up multiple dimensions the listener can use
to access a song. For example, you can access a song
through Artist, Genre, Composer, or Album. These
intuitive dimensions combined with Apple’s easy to
use iTunes software means that you can store 5,000
songs on an iPod, and find any one of them within
seconds. (see Figure 3)

uuvul

Figure 3: An Ipod is a Database of Songs.

How would the iPod model apply to a course portal?
For example, your course portal could support a
temporal dimension, listing each element required
for a particular week. The temporal dimension could
contain a reference to an activity, such as a project
or exam. The actual details of the activity would be
accessed through an activity dimension. In addition,
content could be referenced by a content based di-
mension, as well as a cognitive based dimension.
The power of database software makes it very easy
to add, modify and delete dimensions. Table 1 shows
an example of how a Learning element can be added

Table 1

to a course portal organized with dimensions. In this
example, the learning element is an audio PowerPoint
presentation that introduces the students to a Web
based resource, “The Simple Machine.” This
presentation is a tutorial on how to use a Java pro-
gram that simulates the actions of a computer as it
carries out programming instructions. In Table 1, the
presentation is tagged as taking place in week 5, re-
lating to the material on the Central Processing Unit
(CPU), and required for the midterm. Any of these
dimensions can be changed simply without affecting
the Learning element.

Learning Element Temporal dimension

Content Dimension

Activity Dimension

Introduction to the Simple | Week 5

Machine (audio ppt)

The Central Processing
Unit (CPU)

Midterm

An interesting and popular feature of the iPod is the
“playlist,” a custom sequence of songs that can be
created by the owner of the iPod. The addition of a
playlist feature to a course portal is an intriguing
idea. It would give students the ability to define and

save their own navigational paths through complex
materials. For example, a student could create, inde-
pendently or with the help of the instructor, a review
plan for the final exam. This could apply to the whole
course or could be "what I need to review and/or do



to learn X". This ability to manipulate and customize
the presentation of instructional material has tremend-
ous potential as a learning aid for students.

Discussion

An advantage to the development of this tool is the
fact that instructors and course designers are already
developing and using these dimensions in their
courses. Tools would make this process much easier
and therefore more widespread. The database, one
of the most powerful types of software developed to
date, is a mature technology. Applying it to course
development is not a giant leap. This has the potential
to develop more robust course materials. Students
can also define their own navigational paths through
a course. The learning elements can consist of Word
documents, PowerPoint presentations, web sites, or
simple text files. This approach also facilitates the
addition of a search mechanism, which would be a
very welcome addition to course management sys-
tems.

The suggestions in this paper would benefit from,
but are not dependent on the current research under-
way on the definition of “learning objects.” A
learning object is a re-usable unit of instruction. The
idea behind learning objects is to decompose cur-
ricula into “atomic-level” components, which be-
come resources for a course (Hodgins, 2005). This
paper’s solution does not require that instructors in-
clude content according to a particular format; it only
requires file types that can be handled by a browser.

One disadvantage of this approach is that it does
not address how to integrate online asynchronous
course discussions into these dimensions. Since
course discussion is a critical part of a successful
online course (Hiltz, 2005), this is a serious limita-
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tion. In addition, the dimensions cannot just serve
as buckets or containers for material. There must be
a simple mechanism for sorting and managing ele-
ments within a dimension. This method also requires
a new conceptual model of course development for
instructors and designers, who have to re-think the
way they organize their course materials.

Conclusion

For nearly any topic you can think of, vast amounts
of information is available with a single query to a
search engine. Here lies the paradox of the Internet’s
potential for education — without organization and
structure, the quantity of resources retrievable
through a search engine can actually reduce learning.

Instructors can easily find many excellent re-
sources to supplement their course portals. They are
often like kids in a candy store, adding on more and
more. Even if the quality of the additional material
is excellent, it often triggers the opposite of the inten-
ded effect. Students will quickly find that too much
material creates a stressful cognitive load.

Course management systems currently are de-
signed so that it is very easy to add material to a
course portal, but very difficult to organize and
structure it. This paper proposes that course manage-
ment software add database functionality to their
systems, and allow instructors and course designers
to define dimensions that highlight navigation paths
through complex materials. The suggested dimen-
sions are temporal-based, content-based, activity-
based, and cognitively-based. These dimensions are
very intuitive, and would be easy for students to
follow. While this is not a complete solution to the
difficulties involved in organizing course content, it
is a practical and readily implemented first step.
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