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University of Connecticut, Computer ing has been developed and offers an environment
Science & Engineering Department for educators to deliver hypermedia information in
a controlled and structured way. The appropriate
Lisa Lancor - design of this environment was of paramount
importance so that the student could navigate itin
Southern Connecticut State a simple and efficient manner. The system provides
University, Computer Science feedback to the student for learning assessment and
Department feedback to the instructor and curriculum origina-

tor for course improvement. This environment has
been utilized over 4 semesters to support the learn-
ing in a digital logic design laboratory. It has pro-
vided essential and supplementary material
including animations, video, simulation, as well as
text and graphic information.
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1. Introduction

o At the University of Connecticut’s Computer
Science and Engineering Department, World Wide
Web-based laboratory assignments have been devel-
oped for the sophomore-level digital design course.
These assignments include all of the materials and
tools available to students in a traditional labora-
tory setting, but are accessible from any computer
with access to the Web. In order to create such
laboratory assignments in a controlled and struc-
tured way, a methodology has been developed for
web-based learning, This methodology, while it
has been applied to laboratory assignments specific
to digiral logic design thus far, appears to be
general enough to be applied to other areas in com-
puter science, as well as other engineering disci-
plines and perhaps even disciplines outside of the
engineering domain. The following discussion of
the web environment will provide guidance to
those who are interested in developing comprehen-
sive web-based laboratory assignments.

2. Goals & Objectives

+  Several goals and objectives were defined prior to
the development and implementation of the web-
based learning environmenc. One important goal
was to strengthen the content of our laboratory
assignments by adding breadth as well as depth
into the traditional digital design assignments con-
tained in the course curriculum. Through the use
of interactive web programming, outside web links,
and various state-of-the-art web-based multimedia
tools, this goal was achieved.

For example, a laboratory assignment based on 2
microwave oven in which the students are required
to design and implement (through a software simu-
lation package resident on the client machine) a
microwave oven control panel has been developed.
This particular laboratory assignment has been
enhanced in several ways. Firstly, manufacturing
concepts have been incorporated into the design
specifications of the controller to introduce issues
regarding manufacturing tradeoffs. These specifica-
tions include limitations on the size and cost of the
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controller, as well as limitations on the power con-
sumption and speed at which the controller must
operate,

When the students complete their design, they are
required to enter, into a web- based form, the
number and types of chips used in their final
implementation. The form, through the use of
Java Script, provides immediate feedback to the
student as to whether the design meets the cost,
speed, and power consumption requirements. If
the defined specifications are not met, students
must redesign their circuits. Secondly, additional
manufacturing information is available to the
student through the use of outside links to the U.S.
Government’s web site containing the Code of
Federal Regulations, and the Federal Drug
Administration. Lastly, breadth has been added
through the creation of various animations and
video clips which show how a microwave oven
cooks food, and which demonstrate the route that
the microwaves take from their generation in the
magnetron to the dispersal in the oven cavity.

Another important goal in developing web-based
laboratory was to involve faculty, graduate students
and undergraduate students in the development
and implementation processes. A horizontal and
vertical structure has been formed for the develop-
ment team. The horizontal structure is composed
of the faculty and graduate students on the project
wheteas the vertical structure is composed of
undergraduate students who work under the
advisement of the faculty and graduate students.
The horizontal structure also included faculty from
the state’s Community Technical Colleges who
have articulation agreements with the University
and who provide a stream of transfer students. This
experience of multi-level involvement has proved
rewarding for both graduate and undergraduate
students as the graduate students gain valuable
experience in advisement, preparing them for
potential academic positions, while the undergrad-
uate students are excited to work with faculty and
graduate students. At the same time, the under-
graduates gain additional experience for potential
employment opportunities.

Additional goals in the development of the web-

based learning assignments include maintaining a
consistent interface layout for student familiarity,
providing a mechanism for immediate laboratory



strand 2:Infiovative Deliver |
Methods and Approaches

feedback and evaluation, developing a technique to

continuously update the context sensitive help
utility, and utilizing a method of presentation to
ensure ease of dissemination. Each of these objec-
tives are met in the design and implementation of
the learning interface and modules and are dis-
cussed in the next section.

3. Web-Based Learning
Features

+  The goals and objectives discussed above have led
to a methodology that defines several unique web-
based learning features. These features include,
exploiting the freedoms of learning, the develop-
ment of a multi-framed interface design, access to
various communication tools, a context sensitive
help facility; electronic submission of laboratory
feedback and evaluation, structured students self-
tests, access to multimedia teaching aids including
animation and video, and multi-lingual capabili-
ties. Each feature is discussed below.

3.1 Freedoms of Learning

The creation of the laboratory assignments is based
on the underlying methodology as a way of provid-

ing the students with greater freedoms of learning.
[We declare these as the Learner’s Bill of Rights.]
The very nature of the web ensures Freedom of

Time and Place since the information is available 7

days a week, 24 hours a day. Students can work on
assignments when and where it is convenient for

them - be it the lab, the dorm, or at home. It is no
longer necessary to balance the hours and locations

of the laboratories against classes, meals and
extracurricular activities.

The Freedom of Learning Style also suggests that

students can work at a pace at which they feel most

comfortable. They can review supporting material
- lecture notes, video clips, references, etc. - as

often as necessary. The fact that these materials are

available at the time that the student is attempting

the assignment helps to reinforce both the method-

ology and the reasoning behind the work.
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The Freedom of Access to the Instructor is
accomplished through the use of context- sensitive
help and interactive question and answer sessions
which are used to build student profiles. This
allows students to have an “instructor” available
whose attention is devoted exclusively to them and
who adjust to their needs. When the prepared
materials are not sufficient, the student has help
available through e-mail and course-specific discus-
sion groups. The goal in developing the methodol-
ogy is to free students from external constraints on
learning, and to provide an environment where stu-
dents can learn wherever, whenever, in whatever
style is right for them, and receive personalized
feedback on their achievements.

3.2 Interface Design

The interface, as shown in Figure 1, is a screen
structure composed of four distinct frames format-
ted by a web browser such as Netscape Navigator
3.0 (or higher). The top frame is a heading identi-
fying the source of the assignment and containing
graphical links to the home pages of the University
of Connecticut, the Computer Science &
Engineering Department and CSE208W, the
Digital Logic Design course. The left-hand frame
contains an index of the material in the module
and provides links directly to the pages which are
targeted to the content frame - the largest one in
the window. The content frame is the area in
which the assignment is delivered. The bottom
frame contains a number of buttons including
those for help, e-mail and credits, each of which are
discussed below.

Figure 1
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The index of material in the left-most window has
a strongly structured format. The main headings
of the index classify elements of the lab into dis-
tinct categories, namely Notes, Assignment,
Feedback, Multimedia Aids, and Material. The
notes links provide a description of the lab’s goals
and objectives for both the student and instructor.
The assignment heading divides the assignment
into sections which include: prerequisites, objec-
tives, background, theory, procedure, testing, deliv-
erables, and references. The feedback links provide
information for the students through the student
self-tests, and for the developers through the elec-
tronically submitted lab evaluation forms provided
by the students. The multimedia aids category
provides students with links to various computer
animations, sound bites, and video clips. The
materials section provides links to any additional
material such as software applications or hardware
kits needed to complete the lab assignments.

It should be noted that all of the laboratory assign-
ments are created using the same multi-framed
window layout and index structure. This environ-
ment is intentionally consistent throughout the
entire course so that students can become familiar
with the format.

3.3 Communication Tools

Students are provided with various tools for com-
munication in which they can contact fellow class-
mates, teaching assistants, laboratory originators or
the instructor. The lower frame in the multi-
framed window contains several buttons through
which these tools can be accessed. One communi-
cation tool provides direct access to e-mail. This
simple facility enables students to contact the
instructor, teaching assistants or the authors of the
lab module directly. Addresses of the individuals
are provided automatically through the use of
hypermedia link to Netscape Navigator’s mail facil-

ity.

3.4 Context Sensitive, Self-Seeding
Help

The defined methodology also provides a complex
help facility which can be requested at any time by
the student using the help button in the bottom
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frame of the window. The help provided is context
sensitive in that a specific help screen is displayed
depending on the particular information displayed
in the content frame.

The initial set of help files for a particular labora-
tory assignment are first created by the develop-
ment team who attempt to anticipate the type of
help students would look for. The second phase of
help is provided by the students themselves. If the
students are looking for help in a particular area
and their question is not answered by the help
facility, then the students are asked to submit a
short electronic form describing the type of help
they were looking for. The authors can then
respond with additional context-sensitive material
for subsequent students. This completes one of the
learning feedback loops.

3.5 Laboratory Evaluation

Another important feedback loop in the defined
methodology is the laboratory module evaluation
by the student. This step is critical to provide
improvement and response to the learner’s needs.
The learning environment is equipped with a facil-
ity for the student to provide immediate, electroni-
cally submitted feedback to evaluate the lab
assignment. In order to obtain honest feedback, an
option of anonymity is available for the student.
Once the electronic forms have been submitted,
the instructor can immediately acquire composite
results from the student responses and make adjust-
ment to the assignment as necessary. Recent results
indicate a 80+ percentage acceptance of the assign-
ment having met the objectives.

3.6 Student Self-Tests

Questions related to the module content are avail-
able for student self-assessment. The results of the
assignment are also available to the instructor.
They are structured to align with the levels of
Bloom’s Taxonomy [1] and enable feedback to be
given that provides a profile of the student’s learn-
ing from cognition to evaluation. These data allow
individual student-based assessment to take place as
well as a class matrix to be produced that provides
the instructor with general information regarding
overall class achievements.
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3.7 Multimedia Aids

A variety of multimedia aids are incorporated
directly into the web-based laboratory assignments.
These aids include video animation, numerous
graphics, and various sound clips. Through the use
of Netscape’s current web technology all of these
aids are incorporated directly into the browser and
require no additional helper applications. Short
video clips that have been created are available for
several of the web-based laboratory assignments in
the course curriculum. Some of the video clips are
enhanced using sophisticated software to add
sound and annotate text and graphics. One of the
concerns is that the more sophisticated the video
becomes, the larger the file size and the longer the
download time. Because of this constraint, video
clips have been kept very short and used conserva-
tively. Experiments with video streaming will be
completed soon.

Computer animation can be a valuable visualiza-
tion tool because complex material can be pre-
sented in such a way that students can grasp
difficult concepts more readily. One of the more
popular software packages currently used to create
animations is Macromedia’s Director application.
Using Director and some post-processing shareware
packages, it is now possible to develop animations
that run directly inside the Netscape browser. This
powerful package requires a good deal of overhead
time to become proficient. Further developments
are to be executed using Authorware.

Multi-lingual sound capabilities have also been
incorporated into a select number of laboratory
assignments. Sound clips summarizing various lab-
oratory objectives are translated into German,

Spanish and Mandarin Chinese.

3.8 Ease of Dissemination

One of the major goals in developing the various
laboratory assignments was to ensure ease of dis-
semination. It was very important that our devel-
opments could easily be distributed to the
University of Connecticut’s branch campuses, the
local technical colleges with whom the University
have articulation agreements, and to other colleges

2.127

and universities. The very nature of the World
Wide Web has ensured that this objective has been

met.

Challenges

The design and implementation of the laboratory
assignments based on the methodology for web-
based learning has proved challenging. The devel-
opment process required that major selection
decisions were made on a technology that was on
the cutting edge. For example, at the time that the
frame layout and interface design was being
defined, Netscape had just announced the support
of frames and Java Script in the upcoming version
of their web browser. Often times during the
development process, there was concern over
whether the system was crashing because of the
development endeavors or because of a beta version
of Netscape’s web browser that was being used.

Perhaps the biggest challenge has been that of
development time and learning overhead. While
the development time has been somewhat stream-
lined from our original struggles, a significant
effort must still be applied to produce comprehen-
sive laboratory assignments. New development
tools, including the use of Authorware, should aid
in reducing the time of the overall development
process.

Future Outlook

The laboratory assignments that have been devel-
oped at the University of Connecticut are in a con-
stant state of evolution. The insightful feedback
from our students and peers is continually incorpo-
rated into all of our web-based laboratory assign-
ments. At the same time that success seems to be
present, the design team is looking ahead to future
developments. Some of these include widening the
evaluation scope to other colleges and universities,
incorporating Java into the implementation
process, providing more opportunities for evalua-
tion,and testing the application of the methodol-
ogy outside the engineering discipline. The
development of work conducted to date has pro-
vided an encouraging impression of its value in an
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undergraduate engineering learning environment,
yet further research and development is necessary
to use the constantly evolving web-based multime-
dia tools to their full potential.
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