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Abstract

In an attempt to improve student learning in an Engineering Graphics course, computer-based
multimedia courseware is being developed. Can a professor, without professona services, be
successtul in creating multimedia courseware? How much time and effort are involved? What
quaity results can be expected? What doesit cost? Do students learn more efficiently using
multimedia coursaware? These are among the questions that many professors might ask. This
paper describes my own experiences and accomplishmentsin creating multimedia courseware.

Many software products are available to produce ingructiond multimedia Multimediatypicaly
contains video, images, audio, graphics, and specid effects. This content is assembled into a
digital movie with narration. No matter which products are selected to create multimedia,
gaining experienceisimportant. Asinstructors become more knowledgeable about various
multimedia production methods, they become better a assessing the educationd vaue of this
indructiona formet.

Becoming proficient with any new software product takestime. Creeting multimedia
courseware is particularly chalenging because often, you must master many software products
required in the production process. Success depends on one's technica background, time
devoted to the process, and on the capability of specific software and hardware products.

[. Introduction

University professors commonly deliver course content in atraditiona lecture room setting.
They typicaly prepare lecturesin advance. They enter the lecture room, use blackboard and
multimedia equipment to convey information and ideas, and they entertain questionsfrom
sudents. Professors work hard preparing content and ddlivering it efficiently to students.

Although this process serves the educationa process well, sudents must rely upon notes and
handouts to review lecture information. 1f students miss something in their notes, they must re-
contact the professor (or teaching assistant) to review lecture information. If each student had
their own video of lecture content, they could review it on their own. The educationd process
could become more efficient.

Today, videotapes are being replaced with digital moviefiles. Anyone who visits a video renta
gtore should recognize this ongoing change (i.e., DVDs). Smdler digita movies are gppearing
more frequently on computers. 'Y ou may have aready experienced running AVI (Windows
platform) or QuickTime (Apple platform) moviefiles.
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Awhile ago, | wanted to learn to use a new software product and decided to buy training from the
company, AppDevt. AppDev sold the training as videotapes or as CDs. | chosethe CD
(multimedia) format thinking that 1 could run the training on my lgptop computer as| traveled.

To my surprise, the digital format was superior to videotape. The multimedia dlowed meto
eadly pace my education, | could have the specific application software running Smultaneoudy,
and it became smple to review the multimedia content at any specific point. Multimediafiles

are much easer to manipulate that videotapes. When you consider that most students can only
absorb so much a atime and at different rates, the asynchronous nature of multimedia becomes
avery effective mode of education.

Figure 1 shows a screen from the AppDev training. Multimedia content is delivered in the
center, which in thisfigure, happens to be the ingtructor’s “live video.” The various topics are on
the left, and the student navigates through topics by mouse-clicking on the topic. The student
controls the multimedia with various control buttons on the bottom. 1t becomes easy to Sart,
stop, or position the training to any desired point. Figure 2 is essentidly the same screen except
that the multimediais the specific goplication software.
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Figure 1. AppDev Training Screen with Live Video.

Using the AppDev training caused me to think about my own courses. | developed adesire to
creete my own multimedia. | sarted seeing my course content ddlivered as multimedia My
vigon is not the on-line course vision that many universities have (this controversy in not the
subject of this paper), but instead a blend of digita content and persond interaction that can
make the educationd process much more efficient. | chooseto cdl this“digita educetion.”

It was once suggested unpractica for professors to produce their own multimedia?, but our
modern computing world has changed. Having afar amount of computer savvy mysdif, | st out
to learn how to produce multimediafiles. | share my knowledge in this paper not as an expert,
but as an advanced beginner making his way through the initid learning curve. This paper
becomes a starting point for anyone wanting to do the same. | use the Microsoft Windows
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platform, but the Macintosh platformisaso avery ca;)d)le platform for multimedia cregtion
Y ou can view amultimedia example on my web site'’.
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Figure2. AppDev Training Screen with Computer Application Video.

Il. Hardware Requirements

Virtualy anyone can creste multimedia with any modern personal computer. Most PCs are fast
enough to capture audio and video, edit the content, and process moviefiles. My computer isa
Dell Inspiron 8000 laptop that was purchased in August 2001 for under $3,500. It hasa 1Ghz
Intel CPU, 512MB of RAM, a48GB hard drive, aNVIDIA GeForce2 Go video graphics chip, a
DVD/CD-RW combo drive, two USB ports, and an ESS Technology Maestro-3i audio
controller. 1ts operating system is Windows 2000. This computer is acceptable in most

categories of multimedia crestion. A more sophigticated system might be purchased if

multimedia creation becomes a full-time job. One shortcoming of most |aptop computers,
induding this one, is that the built-in microphone does not produce qudity recordings. | usean
externa microphone produced by Telex (see Figure 3.)

Figure 3. Telex Microphone.

To determine minimum hardware requirements, one would have to review al software product
requirements and develop the minimum acceptable configuration. | have not donethis, but it is
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likely that most new desktop computers in the $1,500 to $3,000 price range should suffice. Asa
generd rule, the more RAM the better. | consder 256MB asaminimum. A 20GB hard drive

and 750MHz processor speed should aso be considered. To create your own CDs, a CD-R drive
isrequired. Or acomputer network could be used to distribute multimedia.

My previous computer, which was purchased in December 1998 and had 128MB RAM, a 300
MHz, processor, a CD drive, and a* Soundblaster-compatible’ audio chip, was barely adequate.
Its software operation was dow, and its intermittent system crashes were frudtrating. | gave up.

USB portsare ared convenience when trying to connect hardware products. | have found that
devices connected to the USB ports appear to operate better than devices connected to serid,
pardlel, and PCMCIA ports. | am not sureif newer hardware, the Windows2000 operating
systemn, or acombination of both help avoid system crashes. | just know that crashes occur much
less frequently than they used to.

A video camerais needed for live video. | liketo add live professor video to give my
multimedia amore persond touch. There are both inexpensive and expensive dternatives. For
amplevideos, | use the Logitech Quickcan?® camerashown in Figure 4. This camerahooksto
the USB port and is smple to use.

Figure 4 Logitech Quickcam.

More recently, our department purchased anew Sony DV camcorder. This camera offers much
higher resolution and better image qudity than the Quickcam camera. It has the &bility to record
digita video on tape or onto amemory chip. The recordings can be transferred to a computer
though afirewire (IEEE1394) or USB connection.

A scanner is needed to digitize printed materia, and | prefer flatbed scanners for this purpose.
Good quality scanners cost less than $100. | use aUmax A2200 scanner®.

[11. Multimedia Software Components

Probably the mogt difficult problem behind producing multimediais finding the right software
products, learning to use them, and mastering digita audio and video concepts. After trying

many products, the ones described below are my current favorites. Price and performance
tradeoffs were considered as products were selected. More capable products may exist, but often
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a ahigher cost. | haveyet to learn al the features of these chosen products. As adways, there
are many waysto learn to use products such as: reading the documentation that came with the
product, working product tutorials, purchasing additiona training books, trial and error, and
learning from others. Two excellent books on video and audio concepts are “Digita
Moviemaking” by Scott Billups’, and “Digitd Audio” by Russ Haines.

Video Player

Multimediais viewed with avideo player. Microsoft provides afree player caled Windows
Media Player’, shownin Figure 5. Another popular player is RedPlayer by RealNetworks®. Yet
another is Apple's QuickTime Player®. These different players produce different quality viewing
depending on the nature of the multimedia. Much depends on how the multimedia was
produced. The multimedia producer must select video and audio compression and
decompression adgorithms, caled codecs. Not dl players can play the wide variety of codec
schemes. In theory, dl players should have equa playback capability, but thisis not necessarily
true. | prefer TechSmith's Camtasia Player'?, available free. One reason that | prefer the
Camtasa Player isthat oneis able to dynamicaly scroll through the video. In the Windows
Media Player, moving the scroll control does not dynamicaly change the video display. You
may eventudly find you own player preference.

If you decide to use the Windows Media Player, make sureit isthe latest verson and turn on all
of its play options (especidly MPEG.) Thisisdone by turning on the
ToolgOptiongFormatgMovie Files checkbox.
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Figure 5. Windows Media Player.
Computer Image Capture

TechSmith Corporation’s Snaglt'* program is used to capture images (i.e., snapshots or tills)
from the computer screen. When you make an image using Snaglt, you are actudly saving a
bitmap graphic. These bitmap files can be saved asthey are or they can be edited by a
compatible graphics program (for example, the Windows Paint program can edit BMP format
bitmaps). Snagit’s Image Capture works by taking a“screenshot” of whatever you tdll it to and
dlowing you to save thefile. The capture area can be the entire screen, awindow, or aregion. |
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have been using Snaglt for more than four years and find it to be avery capable product. Figure
6 shows Snaglt’s startup screen.
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Figure 6. Snaglt — Captures Computer |mages.
Computer Video Capturing

Computer video capturing, or better called “screen camcorder,” refers to making a movie file of
computer screen activity. This extremdy powerful technique can show students how the

professor performs an operation. Snaglt, described above, can capture screen activity. However,
| learned that another Techsmith product, Camtasa™ Recorder, produced better quaity and
smoother videos than Snagit.

Camtasia Recorder is a desktop camcorder that captures screen activity and applies red-time
effects. Camtasiarecords screen activity as sandard AV files. Camtasia also includes video-
editing tools, however, | prefer to do video editing with Adobe Premier. Figure 7 showsthe
Camtasia Recorder program. Although this product offers many advanced options, using this
product issmple. Set afew options, press the start-key combination, record, and press the stop-
key combination. When | use Camtasia, | make sure to set the application screen size to exactly
640x480 pixes, which ismy preferred sze for the fina production.
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Figure 7. Camtasa™ Recorder.
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Severa technica computer settings help Camtasia perform better. Turn off “graphics
acceeration” by choosing Control Panel |Display|Settings/Advanced|Graphics Acceleration. This
redlly helps with video capturing (but | am not sure about the effect on other programs.) Within
Camtadia, | like to sat Cursor Effects to highlight the cursor in with a transparent yellow bal, to
show a green target when the left mouse button is pressed, and ared target for the right mouse
button. | also set up the hotkeys to ctrl-shift-1 and ctrl-dhift-O so that Camtasia can be easily
turned on and off.

Credting Live Video

There are times when the content must contain video from non-computer applications; for
example, capturing the professor talking or capturing equipment performing atask. For this
purpose, you need avideo camera. Earlier | described the QuickCam and the Sony DV cameras.
These cameras come with the necessary software to capture, and sometimes edit, video on your
computer. | prefer to edit these videos with Adobe Premier. One common editing task is
removing wasted frames at the beginning and end of the video.

| found that my laptop’s hard drive was not fast enough transferring videos from tape. A 7200
rpm driveis recommended. | was able to capture viathe USB port, but only videos that were
captured on the memory chip. The camera can convert from tape to chip, but this additiona step
islessthan perfect. The memory chipisaso limited to 15 seconds per clip, aminor annoyance.
With adow hard drive, the high-gpeed firewire connection misses frames.

Printed Pictures and Picture Editing

A flatbed scanner digitizes printed materia. Most scanners come with software to capture
images to the computer, and many come with image editing software. | use Adobe Photoshop
Limited Edition?, which came free with the scanner, to clean up theimage. With Photoshaop, |
do not have to worry about capturing picturesin a precisdy digned view or size because | can
rotate and crop the picture with Photoshop.

Cresting Sound

A necessary component for al multimediais sound, and in particular, voice. Some voice will be
recorded automaticaly with a camera s microphone when producing live video. For computer-
generated video and images, narration must be added. Windows includes asmple utility caled
Sound Recorder that can record sound. However, Sound Recorder offers minimal sound editing.
My favorite sound utility is Cool Edit 2000*. Cool Edit 2000 is a powerful, yet easy to use,
digitd audio recorder, editor, and mixer. Many features of Cool Edit 2000 are not needed for
producing smple multimedia. Figure 8 shows the Cool Edit main screen, with a sound sample
recorded. The sound wave profile is shown in green
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Figure 8. Cool Edit 2000 Showing Recorded Sound.

The beauty of Cool Edit isthe ability to remove unwanted audio segments. These segments
might be“um’s” and “uh’s,” slence, or noise. Removing these segments makes narration more
professond and it delivers content in amore efficient, shorter time. To remove a segment,
highlight it by dragging the mouse over the segment, and hit the delete key (see Figure9.) This
form of editing could be done later with Adobe Premier, but | prefer to use Cool Edit for its
amplicity. One chdlengeis coordinating the length of the sound file with the length of the
corresponding video file.
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Figure9. Highlighted Sound Segment for Deetion with Cool Edit 2000.

After capturing sound in Cool Edit, saveit asaMPEG 3 Fraunhofer (FhG) format. Cool Edit can
later edit thisformat, and this format is aso compatible with Premier.
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Creeting Music

Adding music to multimediais optiona. Add music carefully because it may distract the user
from the educationd content. | decided to add music to filesto give them afriendlier fed. Be
senditive to music copyright issues.

Maost music will likely originate from audio CDs. If music is downloaded from the Interngt, it is
probably aready in aformat for multimedia. Capturing the audio CD’s digital data via your
computer’s CD-ROM driveisvery trivid. All you need isaripper program, and many are
available on the Internet. Avoid cagpturing music using the microphone for its quaity will be

lower. A “ripper” takesthe complex data stream from an audio CD and savesit in the same 44.1
kHz 16-bit stereo format underlying the data. The music is commonly saved in a compressed,
MP3 format. Not all MP3 encoded files sound aike, but products such as AudioEdit Deluxe™ or
Musicmatch™ produce good quaity MP3 files.

AudioEdit Deluxe was the firgt product | used for thistask. It provides editing capabilitiesaong
with capturing capability. Later, | obtained the product “Musicmatch” free with an MP3 player
(smilar to a portable CD player) and preferred itsinterface. There are many other ripper
products available and they are often very inexpensve, or free.

I\VV. Methodology

Producing multimediais a seven-step process: develop script, produce images and videos,
assemble the movie, create sound, add specia effects, add music, produce fina multimedia.
These seps do not have to be sequentid, and you will probably find yoursdf intermittently
Cresting output to test and observe your results.

Develop Script

Although many professors may believe that they can narrate their multimedia without
preparation, awell-written script will make the process much more efficient. Pausesin speech
and the repeating of information, which is very naturd in traditiond lectures, are Smply not
needed in multimedia. If students want to pause, they can pressthe player’s pause button. If
gudents miss information, they can replay any section.

Condder yourself amoviemaker. The ability to make movies based on an innovative script is
one of the primary motivations to the digital moviemaker. Content is everything. Y ou now can
redo, refine, and optimize your messages. If you forget to say something, it can be added. Itis
my belief that the content of atraditional 50-minute lecture can be compressed to at least half
that time if only unadulterated information is provided. The professor who can cregte content the
most cost effectively will have a dear-cut advantage in future education.

Type the script in Microsoft Word. Enlarge the font so that it is very easy to read. Turn on the
microphone and record your voice. Edit the sound as needed.
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Produce Images And Videos

Create images and videos using Snaglt and Camtasia Recorder products discussed above. |
prefer to capture everything as 640x480 pixe images whenever possible because thisisthe
planned size of find multimedia Images and videos can dways be upsized or downsized, but
the conversion process may produce lower qudity results. The computer-based videos are often
eader to record in smaler segments and then assembled later with Adobe Premier.

Create Sound.

Sound (or voice) files can be created anytime. 1t becomes alittle tricky coordinating sound with
video. Sometimesthe narration islonger than the video, and sometimes the video islonger than
the narration. Sound and video can be edited to make sure they match. | will often record
narration first, then match it to video and see whether the video or audio needs shortening.
Pauses can easily be removed from audio, and video can easily be time-compressed.

Strive to create “clean” sound files without noise. Experiment with microphones and
microphone placement. Any distracting sound can ruin the credibility of your message. Noiseis
bad. Smdll variation in microphone placement will make large differences in the recorded

sound. Having the microphone approximately 8 inches awvay from your lips and pointed 30
degrees up and facing seems best. Put the microphonein astand; do not hold it in your hand.

Y ou want to start by sending asloud a signd as possible without distortion. Record at 44 MHz,
16-bit steren. For fina production, sound can be converted to alower qudity setting.

| have learned that the qudity of sound recorded with the video camera s microphone isworse
than that recorded with a separate microphone. Therefore, | use Cool Edit and a microphone
concurrently when recording live video. | later combine video and audio with Premier.

Combine, Edit, and Sequence Multimedia Content

Many products exit to create multimedia videos. After reviewing the capabilities of various
products and obtaining costs, | chose Adobe Premier 6. Premier is designed specificaly for
producing digitd movies. We can debate the pros and cons of other products, but Premier is
working well for me and a a very affordable price.

Aswith most powerful computer products, Premier presentsitsdf in smple form but mastering
al its capabilities will take effort and time. | found the book “How to Use Adobe Premiere 61
to be an excdlent way to learn Premier.

Premier’smain screen, shown in Figure 10, appears very busy. Itisuntil you learn the functions
of eech window. Thereisawindow to organize your content files, atimeline window to
assemble the media, a preview window, and severa miscellaneous tools windows.
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Figure 10. Adobe Premier.

Premier can import many mediafiletypes, such as AVI, MPG, JPG, BMP, and others. Thisis
especidly important if you are getting your media content from many places or from many

people. Y ou do not need to worry about preprocessing (i.e., converting) files before bringing
them into Premier.

Premier' s Timdine windows, shown in Figure 11, is where most of the work occurs. Video,
images, and audio files are moved onto the timeline window into the desired sequence. This
processisvery easy. Unwanted video segments are easy to cut from the production. If avideo
fileistoo long, you can compressit in time. Compresson video can be very beneficid since
most redl-time demondrations are dow. In fact, compressing time might improve sudent’s

atention. Thisis one area where the multimedia file has a distinct advantage over traditiona
lectures — time can be compressed!
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Figure 11. Premier’s Timeine Window.
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Add Specidl Effects

Premier provides many specia effects. One important effect is the trangition between video
dips, such asfade in and fade out. Although trangtions are not essentia, when used correctly
they do make your multimedia appear more professional. Premier can produce title screens, but
| found it faster to use Powerpoint to create title screens, capture them with Snaglt, and then
bring them into Premier asimages.

One specid effect that | find very important is an overlaid copyright notice, Smilar to what many
TV dations show in the lower right corner of the screen. 'Y ou will see thiswhen you play my
sample multimedia'’.

| wanted live video to remain at their origind 320x240 resolution instead of being upsized to
640x480. In Priemier, thisis accomplished by adding video effects. Drag the
“PergpectivelTransform” effect onto the video clip, and then set horizonta and vertical scaling to
fifty percent. The background color can be changed by using the “ Transform|Clip” effect.

Add Musc

Musicisoptiond. Within Premier, amusic file can be put on its own track at any position.
Also, Premier provides the ahility to control the volume a any point in time.

Produce Find Multimedia.

Premier’ s preview window shows how the fina multimediawill appear. After previewing your
multimedia and finding it acceptable, it istime to cregte the find output. Premier can output the
file into many different formats. Many factors, such as qudity, file Sze, intended audience,
multimedia players, etc. must be consdered. For example, if you want to put your find product
on the web, generdly it will be of lower qudity because its Sze must be dramaticaly
compressed. Otherwise, the file may take too much time to download. Y ou are the one who
decides what is best for your audience. Experiment.

For my purpose, | wanted to distribute my multimedia files on CD-ROMs and put them on a
local areanetwork’ sfileserver. | learned that some formats could create arather large, 500MB
file for a10-minute video. After some experimentation, | found that Microsoft AV files, with
MPEG4 video compression and 16-bit mono audio settings produced good qudity multimedia
fileswith rdatively amdl szefiles My 7-minute long video was gpproximeately SOMB in Sze,

A shorter file (about 17MB in Size) can be view on my web site'”.

| have tried to keep this description of cregting multimediasmple. Most will find themsdlves
experimenting condderably. 1f done with the good, positive attitude, this process can be fun.

V. Cost

Table 1 summarizes the various product cogts. Some products can be purchased at educational
prices. Not including the cost of the computer, you can purchase the products for less than
$1000 (which includes Microsoft Office,) Products of smilar capability would have cost more
than ten times this amount ten years ago.

Proceedings of the 2002 American Society for Engineering Education Annual Conference & Exposition
Copyright 2002, American Society for Engineering Education



Table 1. Product Cost Summary.

Product Purpose Approximate Cost
Photoshop LE Diaitize printed material Free with scanner
Premier 6.1 Produce Multimediafiles 249.00
Camtasia Recorder Records computer video 107.00
Camtasia Player Play multimediafiles Free
Snaglt Record screen images (with Camtasia)
Cool Edit 2000 Record and edit sound 29.00
QuickCam Camera Record live video 80.00
Microsoft Office Edit scripts. 160.00
MusicMatch Convert Music CD’sto computer files 40.00
RealPlayer Play multimediafiles Free
Telex Microphone Record sound 10.00
Umax 2200 Scanner Digitize printed material 85.00
Windows MediaPlayer Play multimediafiles Free

VI. Future Improvements

Learning how to more effectively use software products is a never-ending process. Hardware
and software technology continues to improve which creete the need for continuous education.

A method of bundling training sessons with topical navigation, smilar to that in Figure 1, needs
development. | am not sure which software should be used for this purpose. Visud Basic and
Microsoft FrontPage are two products being considered. Other products may become viable as
research into this problem continues. Different approaches can be taken depending on the
selected dlivery method.

Ddivery of multimediafiles over the Internet continuesto be anissue. File Sze and quality
issues must be explored, and | have not found a good compromise between these two factors.
Whether instructional mediais delivered over the Internet, on CD-ROM or DVD, or some other
medium remainsan issue. A full course of multimediamight end up being 5GB to 10GB in Sze,
Putting training files on a CD-ROM, or maybe on DV Ds, and providing them as part of a
“course pack” may be agood solution.

VIl. Conclusons

The creetion of multimedia educationa files employs anove approach to education. It remains
debatable as to who should produce multimediafiles: the professor, a professond studio, the
college, or the university. My bdlief isthat the more professor’ s involvement, the better the
results.

Professors can create multimedia files with little monetary invesment. The learning curve can
be long, but the ideas put forth in this paper will help you get going quickly.

“Learning effectiveness’ isa very hard thing to assess and it remains an open question to how
multimedia- based teaching compares with traditional methods. | plan to report some of my
resultsin future papers. In my limited experimentation, | found that a difficult |aboratory
exercise was completed by 100% of the students with multimedia, while only 12.5% of students
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completed the lab without the multimedia. | look forward to continuing my experimentation and
hope that students will continue to benefit from them.
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