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Abstract 

The goal of this experimental study is to itnprwe 
instruction in high frequency and microwave laboratories 
using tmtltiimedia technology. Interest in electromagnetic 
and microwme subjects usually clevelops after a student 
acquires some understanding of the subject, and 
achieving this level of understczdng is difficult with the 
limited exposure at the undergraduate level. Students' 
d i m h i e s  in understanding theories and their further 
applications have prompted the authors to use 
multimedia to augment instruction. We believe that 
better visualization tools will signi$cantly reinforce the 
bwwkdge inparted. This project uses multimedia to 
enhance instruction and presentation in the high 
frequency and microwave laboratories. 

1: Prelude 

Deterioration of students' attention spans in a 
c lassmm atmosphere is a major national concern which 
has prompted educational research. The faculty at the 
Electrical Engineering department is experimenting with 
a solution to this problem. A moderately sized Electrical 
Engineering department such as that at The University of 
Mississippi is well suited for a one-on-one approach to 
teaching and close faculty-student interaction goes a long 
way toward fulfilling the needs of students, still this can 
be improved upon by using multimedia. Specifically, 
graphics and audio effects are added to computer aided 
instruction to capture a student's attention through 
mental stimulus given as sound and visual aids. The 
computer is used for one-on-one instruction. In this 
environment, a student will face questions that he or she 
might not have to answer in a classroom situation. The 
necessity that each student must individually provide 
answers to the computer is valuable in terms of gaining 
a student's complete attention. The project goal was to 
create multimedia lessons for use in laboratories. 
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Multimedia's ability to provide immediate feedback as 
well as strong visual examples, is well-suited for 
enhancing current methods of instruction. 

Consider the example of an experiment concerned 
with the measurement of standing waves. The first step 
in creating multimedia instruction is to divide the 
experiment into parts, targeting those parts that can be 
conceptually difficult to assimilate and emphasizing 
them during the creation of the lesson. If a student's 
"weak point' is the setup of the equipment, then the 
computer graphically demonsttates how the various 
equipment for the experiment is connected. To promote 
a student's active participation and learning &ugh 
interaction, a puzzle is presented which requires the 
student to piece together the apparatus for the 
experiment. We believe that this tactic will be successful 
because the association of images on a screen with real 
life objects is a powerful learning tool. The inclusion of 
real-life movies which demonstrate the progress of the 
experiment aids the student in understanding the 
experiment. Voices are added to capture the user's 
attention and focus it on the subject matter on hand. 
Another target point is the concept of the standing waves, 
where computer-generated movies are used to support 
the theory presented. The objective is to prepare 
multimedia lessons that become co-requisites to the 
current instructional ptucedure. In time, multimedia 
lessons can become auxiliary tools for teaching the 
laboratory in a manner which is easily understood and 
enjoyed by students. 

2: Procedure followed 

The introduction of multimedia instruction into 
laboratories is a relatively new phenomena, and the 
novelty of the field can be seen in the trial and e m r  
processes followed in this experimental effort. The 
project was begun with the basic understanding that the 
purpose was to use of multimedia technology to present 
the difficult segments of the high frequency and 
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microwave laboratories in a user-friendly manner. The 
first step was to acquire equipment appropriate to this 
effort. This equipment was difficult to come by and 
expensive. 

In the beginning, the DOS-based Quest Authoring 
Language (QAL) was chosen to maintain compatibility 
with CAEME (Computer Applications for 
Electromagnetics Education). However, QAL proved to 
be unsuitable for this development. One major problem 
with QAL was the limitation to 16 colors, a serious 
drawback when working with images and movies. 
Combining images obtained through the scanner with the 
lessons w a s  found to be nearly impossible. QAL's audio 
aids could not be used because the language did not 
support soundblaster applications. Finally, the image 
and klip libraries also posed a barrier. QAL's libraries 
could only contain 60 image files, an insufficient number 
for instruction. The language Authorware Professional 
for Microsoft Windows overcame these difficulties and 
was adopted by the authors.. 

The basic function of an authoring language is to 
allow presentation of information using multimedia. The 
correlation between the arousal of the senses and 
knowledge obtained is very high and multimedia attempts 
to tap this principle in conveying information. The 
authoring language uses various mechanisms to achieve 
its objective including visualization tools such as 
cameras, audio effects, interactive text and movies. 
Authorware supports these tools and their 
implementation. 

The Authorware language allows cmtion of 
sophisticated custom applications that utilize multimedia. 
This language does not employ scripts or a separate 
programming language, but instead uses a visual 
representation of logic. All actions are created as 
modules, and once completed the icons can be updated 
and reused at will. The transfer from flow chart to 
module is very simple. 

Two experiments have been completed using QAL, 
and three experiments have been completed using the 
Authorware Professional language. Experiment number 
one, "Standing Waves", can be taken as a prototype. 
The flow chart of Figure 1 presents the flow of the 
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Figure 1. Flowchart for experiment one. 

multimedia instruction. The concepts of standing waves, 
the experimental setup, and the operation of the Wavetek 
signal generator and the Hewbtt Packard fmquency 
counter were targeted as points in the experiment that 
might be difficult to understand. 

A common introduction was adopted for all 
experiments, including the appearance of the screen 
menu. This familiarity promotes a user's comfort with 
the multimedia envimment and encourages leaming. 
The next screen accepts the user's name, which is used 
to communicate with the user and to save statistics from 
this user's experiment. Then, a screen presents the name 
of the current experiment. Vocal pmsentation of the 
messages on the screen augments the introduction. 
Finally, the main menu shown in Figure 2 gives the user 
the option to select any of the four targeted areas, or to 
quit. 

"EXPLANATION OF STANDING WAVE" is in 
page format. Standing waves am first explained using 

EXPLANATION OF STANDING WAVE 

EXPLANATION OF SLOTTED LINE 

EQUIPMENT SETUP 

PROCEDURES 

Figure 2. Main menu for multimedia 
presentation of experiment 
one. 

the definition given in the laboratory manual. Next, 
computer generated movies show how standing waves 
am created. Forward and backward traveling wave 
movies are shown; then a combination of the two is seen. 
The theory espoused through the text in the boo is 
strengthened by using real-time movies. Formulas to be 
used for the experiment are shown and the basic 
principle behind their use is also described. The video 
clips were created using Matlab's option that allows a 
single image to be put on the scmn.  Individual images 
for the waves needed for the video clip were saved and 
the Videdit program was used to capture these screens. 
They were stored in sequence in a '*.avi' file which is 
replayed inside the lesson using the movie icon. A basic 
'Menu' option is always on the bottom of the screen and 
allows the user to go back to the main menu at any point. 
A quiz on the more important concepts of the experiment 
is administered before returning to the main menu. 
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Students t-eceive immediate feedback h m  the quiz 
regarding their grasp of the ideas needed to proceed. 

The signal in the waveguide is detected by a probe in 
the slotted line and carried to the voltmeter-ammeter to 
perform measurements. Visual aids in 
'EXPLANATION OF SLOTTED LINE" explain its 
inner workings. 

The multimedia screen for "EQUIPMENT SETUP' is 
shown in Figure 3. The equipment utilized in the 
experiment is shown properly connected for operation in 
the laboratory. Double clicking the left mouse button on 
any of the objects shown in the figure supplies additional 
mfomration. Next is a quiz on the more important pieces 

counter Oscillator 

part of the experiment. Finally the graph determined 
from the experimental results is shown. Comparing 
results of the experiment in progress to representative 
results allows a student to know if the experiment is 
proceeding correctly. 

Multimedia instruction for the experiment on the basic 
principles of a single stub matching has  also been 
completed. The main menu again allows access to 
different areas of instruction. The model described 
above is used to present the functions of the equipment 
and the experimental setup of the experiment. 

The procedure section walks the student through the 
various parts of the experiment explaining the concepts 
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Figure 3. Multimedia presentation of the equipment setup for the standing wave experiment. 

of equipment. A puzzle is presented where the student 
has to piece symbols together to set up the experiment. 
Then, a real-life image of the setup is shown leading the 
user to associate the puzzle with the actual experimental 
setup. Touch/click options provide additional 
explanations. For the Wavetek oscillator, an image of the 
oscillator is shown with its basic function. As the user 
moves the mouse over the instrument a more detailed 
description of the working of that particular part of the 
instrument is presented. This image is shown in Figure 
4. 

"PROCEDURES" gives a detailed description of the 
equipment, setup and step-by-step instructions for each 

behind the procedures. Multimedia is especially helpful 
in presenting the concept of L, the difference between 
the minimums obtained by using a short and a load 
(loon ) at the end of the slotted line. Students generally 
have difficulty in visualizing the waveforms obtained 
from the two loads and the difference in the position of 
minima. Figure 5 shows how this concept is clearly 
explained in the multimedia presentation. Voice 
augmentation of the images makes the concept easier to 
grasp. 

Another section presents a step-by-step explanation of 
single stub matching using a Smith Chart. This 
reinforces concepts first encountered in the classroom, 
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The Oscillator is the 
Wavetek Signal 
Generator 200 1.  

Move the mouse over the red areas to find the funchon of that button 

Figure 4. An image of the computer screen showing the interactive procedure for explaining the 
function and control of the Wavetek oscillator. 
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Figure 5. An image of the computer screen showing how to obtain the difference between the 
minima of two different waveforms. 
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and utilizes both the student's and the instructor's time 
efficiently. Revisiting this material aids a student's 
understanding, particularly when the student follows the 
steps with his or her own Smith Chart. The short quiz 
that follows tests the student's grasp of the matching 
method. Satisfactory completion of the quiz leads the 
student to go on with the experiment, while 
unsatisfactory results lead to the suggestion that the 
student review that material again. 

Authorware was used to created instruction for the 
experiment on scaler swept frequency measurements. 
Again, the main menu is presented first. The section on 
equipment and laboratory setup has a submenu which 
lists the instruments needed and methods for operating or 
calibrating them. A student is guided step-by-step 
through the calibration procedure. Each of the function 
keys for the instruments promote an interaction which 
provides explanations of their function. Contrast this 
with a laboratory manual which presents the image of the 
equipment on one page and it is necessary to search 
through other pages for additional information. The 
multimedia presentation minimizes the amount of time 
and effort required to achieve a greater understanding of 
the instrument. Another section is dedicated to 
p"tation of terms that may be new to the student, and 
a quiz on the subject matter concludes the multimedia 
instruction. 

3: Current results 

The experiments that have been completed have not 
been tested on a large scale; however, some preliminary 
tests have been conducted on the experiments completed. 
Students have been invited to preview the instruction, 
and their constructive comments used to modify the 
lessons. Students that have previewed the material do 
believe that it will promote better understanding in the 
laboratory. 

In Fall 1994 two students took the laboratory on a 
self-paced basis. The work was performed individually 
with results checked by the instructor. Their comments 
were very positive. The only complaint questioned why 
all the experiments had not been completed, as this 
would have made their work much easier. The response 
is very encouraging. 

4: Work in progress 

scale previews will precede introduction into the 
laboratories. 

A significant change in this approach is use of an 
exciting computer environment instead of a laboratory 
manual. The multimedia lessons use sound effects, 
voices, drawn and real-life pictures, movies, and 
quizzes. The student is placed in an environment which 
requires responses and provides immediate feedback. 
This engages a student's sensory organs promoting 
complete attention to the task at hand. In a classroom, 
one cannot always guarantee that every student is paying 
diligent attention. The computer overcomes this by 
engaging the student on a one-to-one level. Every 
student using the computer has to answer questions, 
guaranteeing participation from everyone in an efficient 
manner. Using multimedia, students can tackle problems 
in parallel, saving an instructor's time and effort. 

The lessons created are very transportable; any 
computer with multimedia capability can run the 
completed lesson. Lessons can be packaged and moved 
from one computer to another. While the authoring 
system is expensive, this is not disqualifying because the 
finished lessons can be easily packaged as executable 
files which do not require the authoring software. The 
size of the completed lessons is a problem, since most 
lessons will exceed the 1.44 MByte capacity of a floppy 
disk. The presently favored solution is to put all the 
experiments for one or more laboratories on a single CD 
ROM. Like the authoring software, the cost of a single 
writable CD ROM unit is not prohibitive for a laboratory 
program. 

5: Conclusion 

Preliminary response to the multimedia lessons in very 
favorable. Completion of the remaining lessons will 
allow laboratory-wide tests. Unlike a textbook format, 
the lessons can be very easily upgraded, a definite 
advantage of multimedia. 
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There are 10 experiments in the High Frequency and 
Microwave laboratory. Four of these experiments have 
been completed, plus a lesson on the use of laboratory 
equipment. The remaining experiments are currently 
under development. When these are completed, large 
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