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Abstract

This educational research endeavor describes the de-
velopment of a MATLAB/Windows/C++ PC en-
vironment designed to teach fundamental concepts
from classical systems and controls. Interactive
computer-aided-lessons (ICALs) form the heart of the
environment. In addition to describing the main fea-
tures of the environment and the process by which
interactive multimedia lessons are created, several
lessons are presented to demonstrate the environ-
ment’s utility as an educational tool.

1 Introduction

This paper is motivated by a need to provide engi-
neering and mathematics instructors with a tool to
quickly and easily create interactive computer-aided
lessons (ICALs) for their sophomore, junior, and se-
nior level students. With MATLAB as its compu-
tational engine, the proposed environment is espe-
cially geared toward teaching fundamental systems
and controls concepts. While MATLAB has proven
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itself as an invaluable tool for analyzing and de-
signing systems, and while it provides an excellent
environment for exploration, it does not provide a
guide to the theory of systems and controls [5], [§],
[11]. Although such guides do exist [3], [6], [14],
[16], they typically come with a set of problems that
force the student to use MATLAB and develop very
specific MATLAB-utilization skills. In this paper, a
different approach is taken. The paper describes a
MATLAB-based environment which uses multimedia
ICALs to demonstate and reinforce fundamental con-
cepts. Such an environment, if properly designed and
used, accelerates and enhances the learning process.
ICALs are beneficial for a variety of well known rea-
sons [1], [4]:

ICALs are good for individualized instruction,

ICALSs permit students to set their own pace,

ICALs facilitate customization of material,

ICALs are particularly beneficial in situations
that involve students with diverse backgrounds
or ability levels.

The remainder of this paper is organized as follows.
Section 2 describes the ICAL environment structures
and features. In Section 3, the ICAL development
process is discussed. Section 4 then demonstrates the
utility of the environment as an educational tool. Fi-
nally, Section 5 summarizes the paper and presents
directions for future research.



2 Description of Environment

Upon entering the environment, a master menu is
provided from which the user can select a starting
ICAL. The user is then led through a sequence of
ICALs - each carefully designed to teach a specific
concept. Logical sequence of interactive multimedia
screens make up each lesson. Although other struc-
tures are readily accommodated, each screen is di-
vided into three child windows:

1. a Goal Window,

2. an Introduction, Question, Answer, Explanation
(IQAE) Window, and

3. a Graphics Window.

FEach window may accommodate a variety of media.
This includes, for example, text, graphics, animation,
video, and audio. Each window is now described.

Goal Window. The main purpose of the goal win-
dow is to provide a clear statement describing the
goal or objective of the current lesson. Within this
window, a block diagram - for eaxmple - may be used
to describe the system under study; e.g. a first order
stable linear time invariant (LTI) system.

Introduction, Question, Answer, Explanation
(IQAE) Window. Within the IQAE window, con-
cepts are introduced and questions are asked. This,
to an extent, is done as in traditional texts - only with
multimedia. The user specifies answers via interac-
tive menus. If the user specifies an incorrect answer,
an explanation may be provided and the user is given
another chance. When the correct answer is given, a
detailed explanation is displayed.

Graphics Window. Graphics displayed in this win-
dow may be part of an introduction to a question or
used to shed light on an incorrect answer given by the
user. Graphics are also used to support explanations
provided when correct answers are specified.

Animation, video, and audio may also be used to
support material at any stage of the lesson. While
the existing environment is based on MATLAB 4.2
and and runs under any Windows operating system,
current developments are focussing on MATLAB 5.0,
Microsoft Visual C++, and Windows 95/NT. The
ongoing developments significantly impact the lesson
creation process. This process is now described.

3 Creation of ICALs

While ICALs are easy to create in theory, in practice
this creation process may be very tedious [1]. During
the past year, we have been working on facilitating
the creation of ICALS so that an entire lesson may be
designed, implemented, and refined rapidly. These
developments - which are still evolving - are now dis-
cussed. Within this discussion, two environments are
described: an old environment and a new evolving
environment.

The Old Environment. Within the old envi-
ronment, lessons are implemented within MATLAB
macros - C++ is not used at all. Because of this,
the lesson creation process is very tedious, time con-
suming, and simply unacceptable for developing an
ICAL-based environment. While MATLAB offers
multimedia object management capabilities, they are
not very flexible. Video and animation, for example,
are played within Windows but external to the MAT-
LAB environment. Although MATLAB provides a
state-of-the-art computation engine, its text creation,
manipulation, and interface design facilities are weak.
These defficiencies motivated the development of a
new environment - one which exploits MATLAB 5.0,
Microsoft Visual C++4-, and Windows 95/NT.

The New Evolving Environment. ICALs within
the new evolving environment are constructed using a
Lesson Development Interface (LDI) written for Win-
dows 95/NT in Microsoft Visual C++. Microsoft
Visual C++ will facilitate object-oriented program-
ming. More specifically, it will provide us with Mi-
crosoft Foundation Classes (MFCs) as well as an OLE
capability. MFCs facilitate the development of the
LDI. The OLE capability facilitates the manipulation
and management of objects.

The user-friendly windows-style LDI allows the
lesson designer to very easily manipulate multimedia
objects (i.e. text, graphics, animation, video, and au-
dio) in accordance with a lesson plan. Creating these
objects is a critical step, manipulating them is easy
[8], [10], [11] - especially with the LDI. The following
discusses the creation of multimedia objects.

Creation of Multimedia Objects. The text por-
tion of a lesson may be developed using a typesetter
such as LATEX! or a word processor such as MS
Word. An image of the text is then “captured” us-
ing, for example, CorelCapture. Graphics may then

ILATEX easily handles equations.



be added in CorelDraw.? The resulting object is then
saved as a compressed GIF file?. Graphics may be
created in much the same way, using any Windows-
compatible drawing utility capable of saving files in
the GIF format. Audio files may be created using a
microphone and saved as a WAV file. Video from a
camcorder or VCR may be imported using a video
capture card and saved as an AVI * file. These files
are then organized around a lesson plan using the [es-
son development interface.

Lesson Development Interface (LDI). A lesson
plan consists of a sequence of lessons. Each les-
son consists of several interactive multimedia screens.
FEach screen contains the basic child windows dis-
cussed earlier. The LDI provides structures to fa-
cilitate the organization and manipulation of lessons,
screens, and the multimedia objects which make them
up. These structures include: a lesson list dialog box,
a screen list dialog box, and a screen edit dialog box.
Each structure is now described.

Lesson List Dialog Box: The Lesson Plan. A lesson
plan, or sequence of lessons, may be specified using
the lesson list dialog box shown in Figure 1. This dia-
log box may be used to specify the name and order of
individual lessons. Additionally, this dialog box may
be used to select existing lessons for editing, alter the
lesson sequence, and create new lessons.

Screen List Dialog Box: The Lesson. The screens
which make up a lesson are specified using the screen
list dialog box shown in Figure 2. This dialog box
defines the number of screens, order of screens, and
screen names which make up a particular lesson. Ad-
ditionally, this dialog box may be used to select ex-
isting screens for editing and creating new screens.

Screen Edit Dialog Box: Child Windows and Multi-
media Objects. Screens are edited with the screen edit
dialog box shown in Figure 3. This dialog box may
be used to edit the format and content of a screen’s
individual child windows. This dialog box contains
three important sections (see Figure 3): a screen for-
mat section, a goal window options section, a Q/A
window option section, and a graphics window sec-
tion.

2CorelCapture and CorelDraw are trademarks of Corel
Corp. CorelDraw is a general purpose drawing/graphics ma-
nipulation utility.

3The Graphics Interchange Format (GIF) is a platform in-
dependent graphics format.

4The Audio Video Interleave format for digital video files.
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Figure 1: Lesson List Dialog Box

Figure 2: Screen List Dialog Box

Each of these are now discussed.

e The screen format section is used to specify the

position of individual child windows within a
particular screen.

The goal window options sections is used to se-
lect pictures, captured text, or animation files
for display.

The Q/A window options section is used to spec-
ify a picture file for retrieval, specify a captured
text file for retrieval, define multiple choice ques-
tions, and specify interactivity links with other
files (e.g. audio, picture, animation, video, etc.)
for questions, answers, explanations, or addi-
tional hints.

The graphics window section is used for specifing
a picture file for display or a MATLAB macro to
be processed. The MATLAB macro may
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Figure 3: Screen Content and Structure Dialog Box

perform MATLAB command functions such as
the generation of data plots using user-specified
parameters in response to lesson questions.

4 Educational Utility

In this section, several ICAL screens are provided to
demonstrate the utility of the ICAL environment as
a useful educational tool. While these ICAL screens
were developed within the old environment, they will
be used as templates for future development. Figure 4
shows an opening menu with a few of the lessons that
are currently available.

Figures 5-7 consider the sinusoidal response of sta-
ble first order systems. Figure 5 depicts an intro-
duction to the subject and displays a block diagram
which describes the system under consideration. Fig-
ure 6 shows a window that asks the first question on

the subject and provides an edit box for user re-
sponses. If the user enters an incorrect answer, a
window appears that explains why the answer was in-
correct and shows a graph of the incorrect response.
Figure 7 appears when the user specifies the correct
The answer window explains why the re-
sponse is correct and reinforces the explanation with
a graph.

Figure 8 shows the first question in a lesson deal-
ing with the step response of a second order feedback
system. A set of multiple-choice buttons are provided
for user input. A hint button is also provided which
will bring up a screen of useful information pertaining
to solving the problem. If a wrong answer is selected,
a window appears showing why it was incorrect, as
in Figure 9. Figure 10 and Figure 11 step through
an explanation of the result after the user selects the
Figure 11 also demonstrates what

answer.

correct answer.
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Please.....select a lesson !
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Figure 4: Opening Menu - Lesson Selection Screen
[2] system Diagram

I B3

First Order System: Sinusoidal Response

k
u ¥
(Input) Ehide (Ouiput)

Ordinary Differential Equation: y+ay=ku, €20, a>0

GOAL: In this module, we examine the sinusoidal resp onse of stable
first or der systems possessing the above structure,

[JQuestion/Answer
Introduction
Given that the sinusoid, u(t) = eos(w, t+ &)
is applied at t = 0, the output of our system is:

y(0)e =+ azljﬁ( &+ [H(jw )| cos(w t+O+ jH(w )
5
where,

Bl =—E—  /Hiw,) = - tar ! =

Vi 2
Yal+wl

2 3
Time {seconds)

Press any key to continue...

Figure 5: Lesson 3 - Sinusoidal Repsonse of First
Order Systems Introduction - Window with System
Diagram

happens when the gain of the second order feedback
system is increased.

5 Summary and Directions

In this paper, a MATLAB-based ICAL multimedia
environment with structures for facilitating the devel-
opment of lessons was described. The environment is
based on MATLAB 5.0, Microsoft Visual C++, and
Windows 95/NT. While the environment may osten-
sibly be used to develop lessons for any subject, it is
especially geared toward the teaching of systems and
controls concepts. Used properly, ICALs are an ex-
cellent supplement to traditional teaching techniques
[4]. They not only produce an enjoyable learning en-
vironment that can hold a student’s attention, but
also reinforce concepts with a combination of audio
and visual stimuli.
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with Diagram and Graphics with Explanation and Graph Demonstrating Concept



The plan is to soon have a database of over 300

lessons for teaching systems and controls.

Coding

the interface in C++ allows easy construction of an
intuitive Windows environment, while linking the en-
vironment to MATLAB allows it to take advantage
of the powerful mathematical manipulation functions
and graphing abilities that MATLAB has to offer.
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