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o touch, to hear, to see, to smell, to interact— these

are the ways the brain learns. It is difficult to single

out one sense that is most effective for student reten-
tion and understanding of information!"! since it varies from
one student to another. An efficient teaching system, there-
fore, needs to activate as many of the senses and abilities as
possible to effect the greatest impression.

In the classroom, a teacher caters mainly to the auditory
senses of the students. It has been established that only about
30% of the students are able to make full use of this type of
learning in a first instruction. The remaining 70% are not
capable of making full use of their auditory potential for
learning and therefore require external supplements to com-
pensate for the auditory deficiency. During repeated instruc-
tions, however, a larger percentage of the students are able to
assimilate the material.

Multimedia-based instructional programs have the poten-
tial to appeal to a greater number of senses than traditional
instructional programs. They can excite students with ani-
mation, sound, and video. They can present complex pro-
cesses, theories, and facts in a manner that is second only to
actual situations. Thus, they can be a powerful tool for
supplementing the learning process by expanding the range
of senses through which information flows to the students.

Multimedia is being used for a widening range of commu-
nications. Commercial entertainment has seen the greatest
growth in multimedia. Several elementary-level multime-
dia-based instructive systems for children and multimedia of
general interest for adults are available in the market today.
Multimedia developed for elementary-level schools, or for
medicine colleges, or for popular general topics do not fit the
pattern of engineering education. In engineering, the sub-
jects are much more mathematically oriented—they must
contain more graphs, technical drawings, and equations.
Therefore an entirely new approach had to be taken to de-
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velop the present multimedia system. Thus, we have made
an attempt to develop a university course on multimedia.

ORGANIZATION

In the absence of a role model for a senior-level multime-
dia course, the entire system had to be developed from
scratch. Considerable research was carried out to determine
what would be the most effective way to use multimedia
features to enhance serious study in a graduate-level engi-
neering course. The first question was, “What is the main
purpose of the multimedia?”

The primary purpose of the course would be “to serve
course materials to the students in a more living and realis-
tic form, such that the students better understand the practi-
cal relevance of the material as well as get a better quantita-
tive appreciation of the subject.” The secondary purpose of
the multimedia-based course would be “fo offer an interac-
tive test to the students which they can use to explore the
subject and evaluate their own comprehension of the sub-
ject.”

The next question to be answered was, “How can the
course be fitted into the existing university curriculum?”
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Under the present framework, it is difficult to see multime-
dia as an alternative to classroom lectures, but it can be a
good supplement to both lectures and tutorial classes. To this
end, efforts were made to incorporate the fol-
lowing features within the present multime-
dia-based course.

Convenience * This is a generic feature of
the multimedia system. Students can use it to
gather knowledge at their own pace and in
their own time. They can access it through the
network on weekends or evenings, irrespec-
tive of whether or not the instructor is avail-

Condensed Format » The best professors
excel in providing a total picture of their lec-
tures in a few brief sentences. A student ben-
efits immensely from being in touch with the
global picture before beginning to study the
specific details of a subject. For this reason,
each section should open with a brief sum-
mary, including the main finding and conclu-
sions. To increase the impact on a student’s.
attention, the instructors’ voice is added to the
introduction. Upon opening a chapter, a sum-
mary is read to the student while the written
text appears on the screen.

Search or Retrieval » A major difference between second-
ary and post-secondary education is a need for specialized
knowledge and information. An undergraduate student fil-
ters information more than a high school student, and a
graduate student filters information to an even greater extent
from an ever wider range of topics. As students move up the
educational ladder, their need for more specialized and selec-
tive information increases. To this end, the multimedia-based
course offers an excellent advantage. Search and retrieval ca-
pability is a major feature of the multimedia system.

Detail Studies » As mentioned earlier, higher-level educa-
tion requires more selective information in greater depth.
Traditional textbooks or monographs cannot easily provide
such depth. Including minute details in every topic and sub-
topic would make the book unrealistically bulky, and even if
it did include minutia, students would have to make special
efforts to handle the volume of information because text-
books do not have natural filters for different levels of infor-
mation.

In our project, we were able to take advantage of the
electronic storage capability of multimedia. For example,
while describing the effect of one parameter on a process,
we can use numerous other graphs, etc., in the background.
They pop up only if the reader needs them—otherwise they
remain hidden and do not distract the reader.

Focused Attention * Focused attention leads to faster com-
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prehension. Traditional textbooks make this task very diffi-
cult for a serious reader. While reading a particular section,
the student is often required to consult the references, the
nomenclature, an equation or figure on some
other page, or another section of the book
that expands the details of something dis-
cussed on the current page. While turning
pages, readers can be distracted by associ-
ated information on the other pages they
have turned to, and even the simple act of
turning a page can often be distracting. Thus,
the reader’s attention is diffused. Multime-
dia avoids such distractions by bringing up
only that information which the reader needs.
Thus, the reader’s attention is kept focused
on the topic at hand.

Explanation of Difficult Physical Con-
cepts *» Explaining difficult physical con-
cepts is often a major limitation of text-
books, especially for scientific and technical
subjects. Even an author’s use of figures can
fail to transfer understanding to the reader if
the process is a dynamic one—a static pic-
ture cannot truly represent a dynamic phe-
nomenon (i.e., the conversion of rotational
motion to a linear one using a linkage mechanism). Multi-
media rectifies this problem through the use of two powerful
features: video and computer animation. Videos are real-life
pictures of a physical process, demonstrated with actual
sight and sound. If a fast process is being studied, the video
can be viewed at a slower speed to enhance understanding,
or simplified animation can be used to present a complex
process. If “a picture is worth a thousand words,” animation
must be worth a million.

Enhanced Retention * In the traditional classroom, a lec-
ture usually captures only 30% of the students’ attention, but
with multimedia we can increase students’ retention by add-
ing other senses to the learning process. The simple interac-
tive act of using the mouse or the motion finger on a com-
puter keyboard adds a new dimension to learning, and stu-
dents move from a passive to the more retentive active
learning mode. ;

Equations « For those students who are not so mathemati-
cally oriented, the presence of equations on the textbook
pages can be distractions that disrupt the smooth flow of
information and thought. Multimedia systems remove that
distraction by leaving the equations hidden under the equa-
tion number, to be brought into view when needed by a
simple keystroke or mouse manipulation.

Computation  There are other students who not only want
to see the mathematical expressions, they want to use and
explore them. Using a textbook, the student would have to
pull out a calculator, key in the appropriate numerical val-
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ues, and check what the parameters would look like with the chosen
set of variables. Such calculations demonstrate the significance of
different parameters and allow the student to make value judgments—
a good practice for learning akin to performing an experiment in order
to understand a process. But only a few students are motivated to
actually take the time necessary to accomplish such calculations.
Multimedia makes it easier for the student to overcome that inertia by
offering a on-screen equation analyzer.

DESCRIPTION OF MULTIMEDIA

This section will show how the above features are synthesized into
one course at our university. A graduate-level course on Circulating
Fluidized Bed boiler was chosen for demonstration purposes.

Figure 1 shows the opening screen of a typical chapter. Upon
pressing (clicking) the ‘Content’ button, major sections of the
chapter will come on screen. This allows the reader to choose and
then to more to the chosen section without having to worry about
the page number.

If the reader want an overview of the chapter before going into its
details, he or she would press the ‘Summary” button (Figure 2). The
instructor’s voice has been embedded in this section. As the text
appears on the screen, a digital audio plays and gives the summary
with a familiar voice. The content of the summary is thus more easily
captured by the reader.

Comprehension ® Mathematical expressions and equations are an
integral part of any engineering textbook, but they can be a distraction
to less mathematically oriented students. For this reason, the multi-
media text has no on-screen equations. If the student wishes to check
an equation, a simple click on the equation number will bring the
expression on screen. After review, another click will hide the equa-
tion and the reader’s attention can again focus on the text.

For complete comprehension, however, the student must review the
equation, so the equation is popped up on the screen. Take the case in
Figure 3 where an expression of heat transfer coefficient has popped
up. This expression has two terms in the denominator, and subsequent
sections of the text discuss the relative importance of these terms for
values of d, etc. This concept is captured best when the student sees a
quantitative comparison of the term, but any attempt by the student to
compare numerical values is normally impeded by factors such as
student inertia, unavailability of appropriate values of all param-
eters, or the involvement of complex operations such as integra-
tion, differential series, or numerical solution. Even if the student
overcomes these problems, it is difficult to carry out a parametric
evaluation of different values to mark the regime of dominance of
one term over the other.

In our multimedia course, the above problems have been solved by
a Visual Basic program (see Figure 4). As soon as the ‘Code’ button
has been clicked, the screen displays a set of appropriate default
values for parameters on the right with the computed values of the
heat transfer coefficient at the bottom. The student can change any
parameter as many times as desired. In this way, students can more
readily acquire a thorough understanding of the mathematical expres-
sion under study.
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ﬁvﬁ—ﬁ Chapter 2 Hydrodynamics

‘HYDRODYNAMICS'’ shows more information on the
topic.

Figure 2. A list of contents in Chapter 2. Clicking
on any one will take the user to the specified topic.
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Figure 4. An external Visual Basic program. Users can
apply equations they have been shown in the text.
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If the heat absorption per unit projected area of the furnace wall can be
increased through the use of fins projecting into the furnace, it may be possible to

Figure 5. This program draws a graph depending on the
variables the user customizes. It uses the material shown
in the text.
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Figure 6. This is an example of a video recording. It
shows phenomena that are too complicated to
explain in writing.

Fall 1996

Exploration ® Some engineering subjects involve an over-
all mathematical model where numerical values of indi-
vidual expression may not give the total picture. For proper
comprehension, a student needs to use the model to arrive at
the final result. A parametric study showing the sensitivity
of the final result to an input parameter helps the students’
understanding of the model and allows them to explore the
model from different perspectives. This option has been
incorporated at the end of the section ‘2.0 Theory.” Clicking
the ‘Example’ button brings a set of default values of input
parameters onto the screen (see Figure 5). This built-in pro-
gram calculates the heat transfer coefficient using the theory
just described and displays the value of the heat transfer
coefficient for the set of input parameters.

The screen in Figure 5 asks the student to choose which
parameter is to be varied and over what range. The student
makes the selection and the Visual Basic software runs a
program of the model. Results are transferred to a spread-
sheet that draws a graph showing the effect of the chosen
parameter. The student can then go back and change another
parameter and explore its effect. This multimedia capability
provides a very powerful exploratory tool for the student.

Explanation * For a student new to the field of fluidized
beds, the following statement may not make much sense
upon first reading: “Bubbling Fluidization is an operation by
which granular solids are transformed into a fluid-like state
through contact with gas.” But if the students can see video
film of an actual fluidized bed, they get a good idea of the
process. The video can be viewed by clicking on the word
‘Bubbling Fluidization,” which bears a distinct color to indi-
cate that it is associated with a video clipping (see Figure 6).
The video appears against the backdrop of the text and can
be removed by clicking again anywhere on the video frame.

A new student reading an explanation of the mechanism of
heat transfer as “...clusters slide down the wall. Initially
clusters are at the bed temperature. Therefore a transient
heat transfer between the wall and the clusters takes place.
During the initial period, only the first layer of particles are
involved. Particles of successive layers participate in the
transient heat conduction as the clusters slide down the
wall...” may end up confused. A figure would help, or a
series of sequential figures. But even better—a dynamic
computer animation showing the motion of clusters and
temperature variation of particles of successive layers, shown
by color changes and graphical representation. Clicking
‘mechanism’ brings animation on the screen (see Figure 7),
and it continues to show the process until the student under-
stands and closes the animation. These animations are more
powerful than videos for explaining a mechanism or pro-
cess. Animations drop details and highlight the central theme.

Hllustrations ® Figures, graphs, and photographs, used to
illustrate a process, are important parts of an engineering
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text, and color representations can even better explain a
system. For example, a cross sectional view of a boiler can
better explain its different components if each heat transfer
element is shown in its distinctive color. But conventional
textbooks are constricted by the high cost of color reproduc-
tions and often have to sacrifice clarity for economy. This
constraint is removed in multimedia-color illustrations and
photographs are used liberally throughout the text. The num-
ber of pages, also a restriction in textbook printing, is of no
concern in multimedia production. Since all figures are “hid-
den,” multimedia can use two or three, or more, figures
instead of just one to better illustrate a process.

In-Depth Study ® The amount of information that can be
packed into a set number of pages is limited. In the original
textbook' that this course is based on, only one graph on the
effect of suspension density on the heat transfer coefficient
was presented. The multimedia-based text, however, allows
the reader to view more than one graph to compare data at
different operating conditions (see Figure 8). The figures are
hidden and can be popped up at will by the student.

Assessment ® Assessment is an important part of the learn-
ing process. In traditional textbooks it is difficult to provide
a real-life test or quiz and its evaluation. In our multimedia
text, however, there is a quiz at the end of most chapters that
comes on-screen by clicking the ‘Quiz’ button (see Figure
9). The quizzes contain yes-or-no questions, multiple-choice
questions with a single correct answer, and multiple-choice
questions with multiple correct answers. Just as in a class-
room test, the question appears only when the student clicks
the ‘Start’ button. The computer clock begins timing the
exercise and if the student fails to solve the problem and
enter the answer within the allowed time, the multimedia
declares ‘Time-out.” Marks are given to each correct an-
swer; incorrect answers get either a zero or a negative
mark. Numerical problems do not always give exact an-
swers, so full marks are given if the result is within a
given percentage tolerance. For larger variations, a pro-
portionate penalty is assigned.

MULTIMEDIA TOOLS USED

A multimedia-based instructional program assembles sev-
eral media elements together and backs them into a com-
puter disk. It combines motion video, pictures, graphics,
animation, sound, text, quiz, and equation solutions through
appropriate interfacing tools used for the multimedia hard-
ware and software. The hardware includes:

. An Intel 80486 processor based PC

. A video camera
. A video recorder with TV
. A sound card and microphone
. A scanner
. A video capture board
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SOFTWARE USED

Several commercial multimedia authoring tools were used
for developing the multimedia-based instructional programs.
The software is capable of organizing and manipulating
texts, audio bites, video clips, graphic images, photographs,
animation, and interactivity. Each authoring tool provides a
unique set of capabilities and is much less Mordandized than
the word processor. A graphical interface provides a visual
environment that holds the environment together. Some of
the commercial authoring tools are Toolbook, Ntergaid Hyper
Writer, Microsoft Multimedia Viewer, Lenen Media Work
Development Kit, Asymetrix Multimedia Toolbook, Tem-
pera Media Author, and HSC Interactive.

The list of authoring tools is growing fast, but multimedia
developers have yet to devise an industry standard. So, in-
stead of committing ourselves to a specific authoring tool,
we decided to use generic tools, leaving the option of adopt-
ing the “industry standard” when it comes up. Our work was
developed using:

*  Microsoft Word with a special template

e Microsoft Video—for video capture

e Visual Basic—for number crunching

* Excel—for spreadsheets and graphs

* Photostyler and Paint Brush—for animation
Everything was composed on Microsoft Word using a
Helpass.dot template developed by Techknow-logic,
Sackville, NS, Canada. Helpass.dot has a provision for edit-
ing existing files, adding existing files to a project, creating
new files from the projects, and is equipped with the follow-
ing features:

Jump to Topic » This shows the text selection that will be
used for a hot spot. The text selection is underlined in green
and by clicking on it the reader is taken to the section or
chapter attached to the underlined item. The reader can
return to the original section by clicking on a ‘Back’ button.

Pop-Up Topic * Text selections, figures, tables, equa-
tions, examples, quizzes, etc., are used as hot spots. Clicking
on any of these colored hot spots brings a pop-up screen into
view. Another click anywhere on the box frame removes the
pop-up box, leaving the original text on the screen. These
files can be text, video, pictures, or other programs.

Bitmap Insertion * This recognizes BMP, SHG, WMF,
MRB, and DIB, provides a list of bitmaps available in the
format selected, specifies justification, and can launch graphic
editor form BMP and SHG from within Winword.

Video for Window » This provides a list of AVI files in the
project directory, specifies justification, and automatically
inserts the embedded playback windows.

File Management « Files for still pictures, animation,
audio, and video are usually large; a five-minute audio con-
versation or a five-second video can often take up twenty
megabytes of disk space. So it is imperative that the files be
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compressed for use in average sized personal computers.

Audio files are usually large due to their recording qual-
ity. So the audio was first recorded at 44.1 kHz along with
16-bit stereo recording to achieve CD quality. Then, using
the program Wave Editor, the file was resampled at 11 kHz
and 8-bit mono recording. Using the Wave Editor, we were
able to emphasize portions of the speech that were in danger
of not being heard.

Still picture files can also be large. So instead of using
256 colors, we used 16 or even 2. Another simple way of
reducing the file size is to change the picture’s size. If the
emphasis is on a single component in a boiler, it is not
necessary to show the entire boiler. Cropping everything
around the tube dramatically decreases the file size.

Animation can take up significant amounts of disk space.
The easiest way to reduce it is to drop the frame rate or
reduce the animation screen size. Dropping the frame rate is
usually the responsibility of the animation program used.
Most of our animations were done by coding Visual Basic
programs.

Video files are the largest files. We first record a video
file at the highest possible setting, then reduce it depending
on which things need to be emphasized. File reduction can
be achieved by: dropping the frame rate (a rate of 20 or less
frames will not dramatically alter the video’s quality); re-
ducing the color palette, which improves space consump-
tion and playback speed; and reducing the size of the
video screen. We used Microsoft’s Vid Edit program,
which has the added capability of compression directly
into the video file.

STUDENT FEEDBACK

Due to the above difficulties with storage, it was not
possible to put this course on the University network and
regular use by the students was not possible. But individual
students were allowed to use the system in the developer’s
computer, and they were much impressed. When we gave
demonstrations in short courses at several universities, we
found that younger students liked the system more than did
mature professors. It appears that the new generation indeed
feels more at ease with a computer screen.
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