lum. The prerequisite for offering a course on adaprive
systems is aleeady in place, recognizing that most under-
graduate programs in EE include an introductory course
on signals and systems [16]. All thar is needed is the vi-
sion and willpower to make it happen.

It is noteworthy that at the University of Florida at
Gainesville, a new undergraduate course has been intro-
duced where advanced concepts of adaptive systems are
taught to students by blending computer simulations
with an cquarion-based approach, A hypertext document
has been integrared with a software simulator, which is
called an interactive clectronic book (Z-hook) [24], [25].
During every lecture, students have aceess to the 4-book
to reinforce relevant concepts with the behavior of an
adaptive system simulator, Students learn the material in
the context of a particular topic, using real data obtained
from the web.
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The classroom dynamic has changed—if 'we are certain of
one thing in this changing world, it is this. Ask a student
to do a licerature scarch. The enterprising student will re-
turn wirh che results of a web scarch. I it is an obscure
topic, the student will perhaps complain that he or she
could’t find anything really uscful on the web, what
should they do? Ask your students how many of them
have read the textbook they bought for the course. Many
will reply that they don't read the textbook as carefully as
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they should because it is too difficule to follow (and they
scem to say this about any textbook you choose). Occa-
sionally, you might hear a truly honest response: “Why
would Topen i? That would only lessen its resale value

Arc students less capable today in their analytic and
mathematical skills than in years gone by? There does
scem to be a wealth of evidence thar students today are
pootly prepared for collegre | 11, and that the source of the
problenvis their K-12 education | 2]. Yet, despite this per-
ceived drop in students’ skills, technelogy is cerrainly pro-
gressing ata dizzying race. Inthis article, we adopta point
of view that students are not less capable, it is simply that
there have been dramatic changes in what, when, and
how students need to fearn. We are no longer afforded the
luxury of teaching in a lincar fashion: algebra, caleulus,
differential cquations, discrete mathematics, circnits, sig-
nals and systems, complex variables, and then, finally,
digital signal processing (DSP). The solution is a more
random approach to learning sometimes referred to as
“Jearning on-demand,”™ with the Internet as the great
enabler for chis revolutionary change in educarion.

Of coursc, this is nothing new. A long time ago, Greek
philosophers grappled with this very question, From Di-
ogenes (413-323 BC), we learned the importance of
learning by doing: “virtue was better revealed in action.”
From Socrates (469-399 BC), we learned the principle of
lite-long learning: “I know of nothing excepr my own ig-
norance.” From Plato (429-347 BC), we learned the im-
portance of mathematical modeling: “the reality which
scientific thought is seeking must be expressible in mathe-
matical terms.” Perhaps this was the beginning of DSP?

Advances in interactive language technologies will
eventually revolutionize learning and training. Com-
puter-generated animated characters with expert domain
knowledge will interact with students much like the best
reachers do today, For example, one such scenario that is
in the preliminary research stage [3] follows:

Julia’s ninth grade conceptual physics class in-
cludes a learning module on the narure of fime.
Julia consults her favorite animated agent,
Teacher Molly, and explains her assignment,
Saint Augustine appears, introduces himself,
and asks: “What is time?™ He proceeds to de-
seribe the puzzle of time, Afteran interesting; dis-
cussion, Albert Einstein arrives, and provides
some excellent deseriptions of the relativity of
time, with an interesting animarion showing the
relationship between travel and aging. During
the discussion with Dr. Einstein, Dr. Stephen
Flawking interrupts 1o point out the three ar-
rows of time. Excited by these mysteries, Julia
asks Teacher Molly how onc of the arrows, en-
tropy, can be true in an organized world.
Teacher Molly suggrests that Julia usce the “active
worlds” program to simulatc a hypothetical
world. After several simularions, and some dis-
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cussions with Teacher Molly (who has the an-
noying habit of making fulia answer her own
questions), Julia understands the erade-oft be-
tween entropy and biological evolution, For her
science project, Julia incorporates her simulation
into a discussion between Albert Einstein and
Charles Darwin, which is made available to other
students.

We can only imagine how learning will change when
students have access to all available knowledge (and fre-
quent access to the experts who ereated it). Learning will
be interactive, individualized, self-paced and infinitely vari-
able. The big question is: How far away is “cventaally?”

What are the major barriers preventing colleges and
universities trom developing curricula using such powertul
tools? Beyond the fact that adequate core technology still
does not exist for many of the previously described
functionalitics, such authoring environments require sig-
nificant multidisciplinary expertise and collaboration.
‘There are numerous legal issucs involved in the copyrights
and licenses potentially required for such technology
(though we will focus here on open-source initiatives).
Perhaps most importantly, the traditional providers of
content—textbook manufacturers—do not see a clear path
to a revenue stream with electronic publishing. Hence, the
intellectual and investment capital that feeds the publish-
ing industry is only just beginning to fuel nternet-based
development of educational materials.

In this article, we review what progress has been made
recently with Internet-based educational wechnology and
tools. Now that the enthusiasm for some new develop-
ment environments has subsided, the real work is begin-
ning as we realize technology without pedagogy amounts
to a lot of wasted programming. Next, we discuss the
drawbacks of some of these approaches, and focus on the
subsequeent steps being taken to deliver a comprehensive
range of tools to support learning at all levels of a disci-
pline. Finally, we turn toward the future and speculate on
what forms educational materials mighe take if human lan-
guage technology delivers even half’ of what is promised.

in the Beginning, There Was Java

The goals for any engincering course are to convey to stu-
dent engineers a broad understanding of the mathemati-
cal theories underlying engineering concepts, and to
develop engineers who can apply those coneepts with in-
genuity and expedicency. The second of these skills must
be learned by repeated application of the concepts over a
wide variety of test conditions. In doing so, the student
builds an intuition for the problems involved. When
teaching science or engineering, it 18 clear that students
learn in ditferent ways. Some prefer to focus on marhe-
matical structure and understand the balance berween
“input™ and “ourput™ characteristics using mathematics.
Orthers comprehend coneeprs more in a visual manner,
where illastraton visualization can reinforce complex
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concepts. Still others prefer to “get in the lab™ and try out
cither a workbench circuit simulation or a computer sim-
alation of the concept. No one method is right or wrong,
and teachers need to recognize that more than one route
may be needed to reach their students.

For many years, the primary method of teaching engi-
neering concepts has come in the form of classroom inter-
action and homework exercises. These merhods do an
adequate job of conveying mathematics as well as the me-
chanics of solving problems with a predefined structure
or a “recipe,” but often leave the student lacking the intu-
ition nccessary to apply the concepts to new problems
without the same structure. As an example, consider the
amount of time during an open-book exam students
spend hunting in their notes for an equivalent problem o
pattern or “plug-and-crank” a set of equations for a solu-
tion? If students truly understood the concepts, they
would be able to extend their knowledge to address new
problems they have not seen before.

The main stumbling block in building intuition about
concepts is the student’s inability to visualize the items be-
ing learned or their unwillingness to commit the neces-
sary time to understanding the problem or concept.
Many concepts have complex visual representations that
cannot be sufficiently cxplored through the standard
classroom cxperience. One example, shown in Fig. 1, is
the relationship between the poles and zeros of a system
and the three-dimensional surface representing the sys-
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& 1. A more ambitious attempt to teach linear system theory us-
ing Java. In this applet, users can move poles and zeros

around and see the impulse and frequency response of the re-
sulting system change. Users can also interact with a 3D plot
of the magnitude response.
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tem’s response. This phenomenon is usually sparscly cov-
ered i textbook problems if not ignored altogether. Yet,
it is an important concept in the understanding of lincar
systems,

The introduction of computer-based visualization into
the educational process has been seriously pursued for
some time [4]. Perhaps the most striking example of this
is the MathWorks Inc. simulation tool known as Matlab
|5 ]—the dominant softwate tool in DSP today. Tn fact,
many undergraduate textbooks now integrate Matlab cx-
ercises and examples into their text. Student editions of
Matlab are inexpensive and bundled with entry-level text-
books. Nevertheless, such tools have two major dravw-
backs: a steep learning curve and the necessity of having
access to a commercial product in order to test a specific
application. There are a number of public-domain
Matlab-like alternatives [6], {7], and some alternative
scripting envirenments [8], but none that has enjoyed as
much fanfarc as Java |9].

A good example of'a DSP concept that can be greatly
enhanced through a Java applet is graphical convolu-
tion—an algorithm used to compute the time-domain re-
sponse of a lincar system to a signal. An applet that
implements graphical convolution [10], | L1] is shown in
Fig. 2. With the aid of computers, convolution is a fairly
casy concept to teach. Prior to computers in the class-
room, convolution was an extremely tedious topic to
teach, mainly due to the lack of a good animation facility.
With this Java applet, students can investigate pre-stored
waveforms, or draw their own waveforms. By pressing
the convolve button in the upper left of the screen, stu-
dents can see the result unfold via a Java-based animation.
"The convolution tool allows students to easily solve texte-
book problems, and lets them develop intuition about
convolution by trying lots of examples and rapidly visual-
izing solutions to incremental variations of a classroom
cxample. The bottom line is that students can intcract
with the algorithm,

Whatis the principal advantage ot a Java version of this
tool? Certainly, such animated tools have existed long
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A 2. A Java-based interactive tool that teaches the concept of
convolttion.
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before the advent of Java—many such signal processing
tools were very uicely implemented on Apple’s
Macintosh in its heyday. The answer lics in issucs related
to case of use and portability, Students need not invest
much time downloading and installing the tool, They
simply click and run. Forstudents that have a minimal in-
vestment in signal processing, such as cutry-level under-
graduates or clectrical or computer engineers not
specializing in signal processing, a point-and-click
web-based rool is far berrer than any tool requiring instal-
lation of an environment, local infrastructure, or moder-
ate amounts of programming, (Lhis is primarily true for
academic programs that do not foree stadents to do a fot
of Matlab prior to upper-level engineering courses. Some
programs that now introduce Matlab ar the entry-level
have the luxuey of dealing with students well-trained in
the art of compurer simulation in the upper-level engi-
neering courses.) Java is attractive becanse the code is free
and inherently platform-independent. (In theory, Javais
plattorn-independent. In practice, however, the road has
been bumpy, and support of new versions of Java by the
major browser providers has been less than ideal lately.)
The Java approach altows a tool to be accessed by the wid-
est audience possible.

Another attempt to develop such an interactive tool ts
shown i Fig. 1. Inthis applet| 12§, users can ereate poles
and zeros, move them around in the s-plane or z-plane
with the mouse, and see the resulting changes in the fre-
quency response of the associared system transfer func-
tion. This is done interactively—the plots are updated
continnously as the user chauges the parameters of the
systenm. You can also generate a 3D view of the magni-
tude response of the systeny, and inspect this plot by rotat-
ing it via the mouse. This applet atrempts o teach
students the relationship between frequency response
and poles and zeros. An extensive on-line tutorial s in-
cluded that walks users through the use of the tool and ¢l
CRICNEArY CONCEpLs,

It would be nice if the story ended here. The
“onc-appler-per-concept” paradigm seemed like an ele-
gant solution i only we had an authoring environment
that would make development of such things fairly casy.
Unfortunately, as we will see in the nexe section, presenta-
tion of'a tool doesn’t necessarilty mean learning will oceur,
Morcover, growing pains with the Java cnvironment
have resulted in numerous technical difficuldes in the

classroom (the most common problem mvolves a lack of

backward compatibility of newer versions of Java with
older versions of the browsers).

“A Funny Thing Happened on the Way to the Forum”

"The convolution demonstration was introduced into the
classroom for the first time in 1996, Since then, it has
been used regularly in an entrey-level Signals and Sysrems
course at Mississippi Stare University. It is teresting to
note that by the end of the semester, such tools are viewed
very positively by students, and preferted over traditional
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rextbooks, homework solutions, and such, We might ask
ourselves “Is this justa novelry or are students really learn-
ing more or better from such experiences?” What has
been most disappointing in practice, however, is that
most students will not even open the applet during the se-
mester unless they are “motivated” to do so. There are
many reasons for this, and we don’t want to digress into a
fengthy discourse on education and societal trends, but
we can simply state our observation that motivating the
student to use such tools is as critical as supplying techni-
cally sound tools. If; in the end, all we have achieved is an-
other method to make students respond o artificial
stimuli, such as an exam deadline, then we haven’t
achicved our true goal of transforming them into
life-long learners. The lesson here was simple: our
“build-it-and-they-will-come™ approach failed.

There are some interesting trends developing that in-
volve the integration of software and data into classroom
learning. Tn many ways, these trends are synergistic with a
rapidly growing open-source [ 13} movement focused on
placing technology on the web in ways that make it casy
tor people to collaborare and share ideas. Some rescarch
arcas within che digital signal processing community, for
example human language engineering {141, are promot-
ing this strategy for the development of new
multidisciplinary educational programs. One of the first
comprehensive surveys of human language technology
[ 15], funded by a number of interests, including NSF and
the European Union, was published as an clectronic doe-
ument. The delivery of this document is in a fairly con-
ventional hypertext form. However, it is packaged with
other web resources that enable one to cxplore speech
techuology,

One of the first journals to consider integrated dara
such as speech and audio samples was Elscvier’s Speech
Commmmication, thanks in large part to the rireless efforts
of Christian Benoit. Other journals in the signal process-
ing arca have been slow to respond, but great progress has
been made with the IEEE Signal Processing Society web
site ar Rice University [16]. [eseems natural that for stu-
dents learning about techniques in speech coding, synthe-
sis, or enhancement, they should have access to the
processed sounds, It is somewhar difficult to truly explain
what perceptual processing artifacts result when we re-
duice the bit representation for a set of model parameters,
or introduce a new way to characterize the speech spec-
trum for background noise suppression. The only way tor
students to underscand many of the signal processing al-
gorithms used for speech or audio applications, is tor
them to be able to listen to the processed signals, In many
respects, the cornerstone paper by Klatt | 17] was instru-
mental in introducing a whole generation of students to
the field of speech synthesis—not only for it’s historical
wrearment of the subject, but more 8o because it was one
of the first journal publications that included a recorded
cxample of synthesized speech signals from more than 40
years of rescarch in the field.
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4 4. Successful websites must offer a wide variety of information
to its users in a compact fashion. This site devoted to speech-
recognition resources includes interactive demonstrations,
on-line tutorials, toolkits to run specific applications of interest,
and benchmarks that allow users to assess how new algo-
rithms compare to existing state of the art.

A somewhat related acrivity was the Free Speech journal
i 18 |—an attempt to deliver a peer-reviewed rescarch jour-
nal entirely electronically. "Vhis was subsequently sub-
sumed by Speech Commarnication [19]. This journal
artempts to provide a forum that supporrs dissemination
of other forms ot dara related ro a rechnical publicarion be-
yond the document ieself (for examiple, processed speech
data). There are compelling reasons for such a forum, in-
cluding verification of conclusions drawn by an aathor,
and direcr comparisons of new approaches on the same
data. Not surprisingly, other organizations, such as the
IEEE, are contemplating such divections.
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The websites above, however, still represent a rather
conventional delivery of material. Though users can tra-
verse the information 1 a nonlinear, or random fashion,
the materfal is still largely non-inceractive. A berter exam-
ple of the wave of the future i signal processing educa-
rion is the CSLU Toolkit [20[. In addition to the
distribution of software and technology, this reolkit in-
cludes numerous on-line demonstrations of the underly-
g technology, For example, a spectrogram-reading
tutortal (217 is available that integrates audio-visual in-
formanion to reach students the fundamentals of speech
production. Another interesting tutorial |22, teaches us-
ers how to buald a neural-nerwork-based speech recogni-
tion system using the toolkit, An example of this tutorial
is shown in Fig. 3. Fhe key point here is that this toolkit s
available for many common computing plattorms, and is
being actively developed as an educational tool for a wide
range of activities ranging from K-12 education to gradu-
ate studies,

Another more focused project involves the develop-
ment of public-domain speech-recognition technology
[23]. This project, funded in part by the National Science
Foundation, has three important components: software,
cducation, and support, In addition to the diseribution of
aspecch-recognition toolkit, this site features tutorial ma-
terals centered around the components of this technol-
opy, documents describing key algorithms in great detail,
and a coltecrion of pointers to other resources on the web.
An example of the educational resourees available ar this
site is shown in Fig, 4. Other resources, such as on-line
support, application-specific toolkits, and supporting
sottware are also available ar this site, A series of training
and planning workshops will be held annually to promote
cducation and dissemination of information related to
the project.

A novel aspect of this site 1s a remote job submission
faciliry [24], which is shown in Vig. 5. This site is being
developed in anricipation of the nexe generation of the
Inrernet, where connection speeds will reach into the
Gbps range, and new capabiliries for resource sharing will
be introduced. At rhis site, users can submit a
speech-recognition job over the web, using user-supplicd
data or pre-stored data. "The system returns results at varg-
ing levels of detail. One use for this site is ro compare a
user’s algorithm to a standard algorithm on the same
data. Another function is to allow users ro lcarn how the
technology works without having to perform a compli-
cated installation on their local machine, The source code
for this system is distribured via an anonymaous concur-
rent versions system (CVS) server [ 25| thar, if needed,
fers vsers easily mainrain a parallel copy of the soltware
that exists ar this web site.

A final example of the power of the web is an interest-
ing text-only intertace involving the use of a relational da-
rabase to provide information on terminology 261, as
shown in Fig. 6. In this system, itis possible to scarch for
the meaning of a term in many ditferent ways, and to cas-
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ily learn about refated terms. Fach term in the database is
encoded with a set of atrributes from which all other in-
formatton can be automatically derived. Such interfaces,
though presently constructed manually, are the topic ofa
great deal of research in natural language and machine
translation communities. Providing structare to dara an-
tomatically is still a great challenge. Web scarch engines
are a good example of how far we have come, and also an
example of how far we still have to go to accomplish use-
ful semantic querics of information. Yet, from such inter-
faces, it is clear that web-based documents offer a
potential thar vastly exceeds printed documents.

As interesting as this may sound, most of what we have
discussed thus far doces not address the motivational is-
sttes so crucial to modern education. Very little effort has
been spent at the above web sites on how to present the
material. Most of the assoctared documents have a stan-
dard engineering look and feel to them. Random aceess
of this information is difficule—anyone who has tried to
use web scarch engines can testify to how hard it is to sort
through the vast amounts of information available on the
Internet. In the next section, we look at some interesting
paradigms for information presentation that attempt to
go far beyond the web as we see it today.

But HAL 9000 Was Just a Voice...

A powerful metaphor for intelligent computing has been
HAL 9000, the computer featured in the movie titled
“2001: A Space Odyssev.” HAIL d1splawd vast amounts
of intelligence and human-like emotions. The subtle and
complex man-machine interactions depicted in this
movic have remained cultural icons for three decades.,
However, a vision of man-machine interfaces is evolving
that involves animated computers, 'These are computer
interfaces that recognize, synthesize, and integrate audio
and visual information, such as vocal emotion, body lan-
guage, and facial expressions. These were formerly
thought to be extrancous to the man-machine communi-
cation process, and now are recognized as extremely in-
portant in understanding the intention of the user. HAL
was just a voice, and technology finally appears to be
moving beyond simple audio and keyboard interfaces to
communicative agents that simulate face-ro-face conver-
sational behaviors,

An carly approach to developing interactive educa-
rional materials was the use of virtual realicy engines to et
the student explore a 31 world on-line. A good example
of this is the National Geographic website |27], where
one can explore the solar system. Similar sites exist that let
users explore products they wish to purchase, manipulate
robots, cte. One of the more exciting arcas of research in
this dircction involves the use of tacrile feedback and
other senses to provide users with the ability to experi-
ence an object or environment remotely. While the tech-
nology has yet to progress to the point where such things
are possible with the realism desired by a generation
weaned on video games, clearly such applications offer
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4 5. This website, anticipating the growth in internet bandwidth
and capabilities, allows users to run speech-recognition jobs
over the Internet Jobs using pre-stored data or a user’s partic-
ular data can be submitted to a bank of servers. Results and
files that allow a user to analyze in great detail how the system
processed the data, are returned via email.
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& 6. A terminology database that provides an extremely rich set
of related links for a particular term. Such interfaces make it
very easy to explore demains in a random manner.

unique and interesting possibilitics. A good example is a
project spearheaded by several museums that will ler users
handle rare museum arrifacts over the web using data
gloves. This is an interesting application because it allows
users to do something they could never do at the mu-
seum~—toich a rare areifact. The potential tor interactive
cducational agents will only be achieved when these ap-
plicarions ofter users experiences that cannot be casily ac-
cessed in the real world.

‘nhancement of the traditional computer interface
with two-way audio and visual information is one area of
rescarch receiving great attention these days, particularly
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in the [EEE Signal Processing Society, Animated conver-
sational agents, such as those described in [37 and {9] are
being developed that recognize and synthesize
paralinguistic information in an attempt to humanize the
man-machine interface. One example of this carrently
under rescarch is Baldi [3], shown in Fig. 7. Baldi com-
bines audio and visual features during speech synthesis.
These features are often complementary and add redun-
dancy that humans require to maintain conversations
without feeling unduly burdened. We cffortlessly switch
between these cues as needed. Interfaces that are ulti-
mately as powerful as those shown in Fig. 7, and can be
configured to suit profiles of users, offer unlimited poten-
tial in the development of systems that provide informa-
tion in many different learning styles, This seems to be
crucial because it is clear that there is no best learning
style, and that learning is most efficient when the presen-
tation matches a learning style. Computer technology of-
ters great promise of customization through the
classroom—with a teacher becoming more of a roving
monitor rather than the primary information provider.

We as signal processing engineers also have a responsi-
bility o facilitate the evolution of technology to provide
innovative ways for teachers in other ficlds as well. One
project beginning chis year is the mult-institution “Digital
Libraries [1™ initiative of which the goal is to make publicly
accessible the 60,000 hours of audio data in Michigan
State University’s Vincent Voice Library. Rescarchers at
MSU, the University of Colorado at Boulder, and the Lin-
guistic Data Consortium at the University of Pennsylvania
(L.DC) will combine efforts in developing speech-process-
ing technologies tor the “National Gallery of the Spoken
Word™ |30]. Such an cftort requires cataloging, organiz-
ing, and providing meta-data information, as well as the
development of an effective phrase search engine for the
World Wide Web, with data compression and
watermarking technology. Such a system will allow seu-
dents learning about history, politics, or any subject that
might have been represented with an audio recording over
the past 100 years, to get instant access to the people who
“talked the ralk” (as opposed to hearing the teacher say, [
guess you just had to be there), How many future astro-
nauts might be inspired after listening to Neil Armstrong
say “Oue small step for man, one giant leap for mankind.”
So, while more effective ways of teaching DSP will come
{rom better interactive and portable learning tools, it is im-
portant to recognize that this will also benefit other disci-
plines in a way we could not have imagined.

A final example of some evolving technology that is
becoming increasingly relevant to education is the 3D
immersive covironment known as a CAVE [31]. An ex-
ample of such a system, currently deployed at Mississippi
State’s Engineering Research Center, is shown in Fig, 8.
In these cuvironments, students can explore solutions to
problems and walk through the problem space with an
amazing amount of realism. Groups of students can also
work together in such environments, While the cost of
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such facilities is presently prohibitive, these systems give
us a glimpse of what education might look like in the fu-
ture. Integrating immersive visual and tactile environ-
ments with audio provides a powertul environment in
which learning by example can take place. The impace of
such environments on learning is hardly understood and
cerrain to be the topic of great debate in the next millen-
nium. However, it is clear that students accustomed to
such technology will no longer be willing ro sit still for
chalkboard lectures on digiral signal processing theory.

& 7. One example of “talking-head” technology that is capable of
expressing different emotions using control structures driven
from models of paralinguistic information. Such interfaces add
new dimensions to man-machine inferaction, and have re-
ceived enthysiastic responses from users.

& 8. An example of a 3D immersive environment known as the
CAVE. in such environments, users can visualize and interact
with data with unprecedented realism. Significant cost barriers
obviously must be overcome before such systems become ac-
cessible to the average educational institution.
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Summary

We have explored the relationship between DISP educa-
tion and the Internet, and shown some interesting; trends
invalving platform-independent programming para-
digms based on Java, open-source software, and interac-
tive immersive environments, We mainly addressed
technologics we believe will be deployed within the next
five years. We did not atcempt to grapple with the shape
and form of education 50 or 100 years from now, for we
are certain that there will be a holographic communica-
tive agent named Socrates running around your living

room imploring vou to seck a deeper understanding of

the most fundameneal aspeets of human existence.
lronically, despite the introduction of such fascinating,

technology, iescems to be the hunian element that is so im-

portant to the learning process. DSP, like most sciences

these days, can, at the surface, appear to be simply a pile of
obscure mathematics, or at the deepest levels a bundle of

details and heuristic algorithms with no elegant structure,
To make matters worse, students are being introduced to
the subject carlier than ever in their education, The instruc-
tor becomes essential in such a situation, because this per-
son must guide these students through their journey by
tutoring them on the art of fearning (rather than focusing
solely on transmission of factual information from one to
the other). Itis perhaps this aspect of scholarship that, to
this day, is the most impressive about the carly Greek phi-
losophers—they seemed to deeply understand the essence
of learning and a process by which it could be achicved.
[0 any article like this, it 1s hard to do justice to all of the
relevant research, Rather than artempt a comprehensive
overview, we have instead preferred to provide a peek into
anew world ofinteractive learming tools. To probe further,
there are several projects of note. It seems like kids have all

the fun these days, and [33] and | 34 are representative of

some typical directions in K-12 education. There are also a
number ol sites devoted to providing searchable databases
of learning technology resources |35 [-1371. Tools to help
automare the process of learning over the Internet are ar-
riving, and WebC1' [38] is a good example of a tool gain-
ing widespread acceptance ar the university, Specific to
D8P, the Matlab site | 5] 1s a definitive resource tor any en-
gincer. Aninteresting new sire that has just come on-line iy
dspGuru | 39] that features a documentation of DSD tricks
ofthe trade. Finally, Tech On-Line {40 | offers many inter-
csting capabilitics, including the ability to write code,
download itto a DSP board, and run it, all from the web.
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Distributed Learning: Using Internet
Technologies to Expand Educational Resources
Geoffiey C. Orsak
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Since the birth of the integrated circuit, there has been an
explosion of electronic devices that add convenience to
our lives; help keep us healthy, safe, and entertained; and
allow us to cominunicate with nearly anyone, anywherc,
at any time. It is not an overstatement to say thar com-
puter-based systems using information technology, will
touch nearly every aspect of our lives.
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Untortunately, the use and application of these new
technologies within most university classrooms and labo-
ratories has lagged behind most other aspects of our lives.
As in decades past, we continue to see individual profes-
sors standing in front of their classrooms lecturing from a
pediam and writing on a blackboard. Students still take
their own notes, supplement the course tecture with read-
ings from the rextbook, do individual homeworks and
laboratory assignments, and rake individual exams. The
links between the activities and content of related classes
ar most universitics remain tenuous, while the intercon-
nections between similar courses at universities are nearly
non-cxistent today, Fven though there has been a recent
flurry of activity to bring multimedia technologies to the
university classroom, we still see very few changes in the
traditional university learning environment.

On the other hand, take a walk around most modern
companics. [t is nearly impossible to find an oftice with-
out a computer connected to both internal intranets and
thC I‘IlthIlCt. M()St imp()rmnt C()l'P()l"dtC d()CUl‘[lCIltS dre
now maintained in digital form rather than on paper. A
significant and ever-increasing portion of corporate inter-
action occurs using email. Internet video phones are used
in mecting rooms to support video conferencing. And, as
we have seen recently, more and more real business is be-
ing conducted over the Internet (e-commeree), without
requiring any face-to-face interaction berween consumer
and supplier.

Why has industry been so much more aggressive in us-
ing the very technologices that we engineers and computer
scientists have developed over the last 40 years? The an-
swer is simple: the competitive advantage these technolo-
gics give them in the marker place. Individuals are more
productive, they spend less time on the road, they have
mmediate aceess to critical information required for their
daily activitics, they can better share expertise, and they
can more easily distribute the workload and monitor the
progress of that work.

Clearly, all of these advantages have analogs within the
university environment. However, developing a cost-cf-
fecrive plan that moves education forward by raking ad-
vantage of modern information technology continues to
be a major challenge for most institutions of higher learn-
ing. T'o assist departments wrestling with modernizing
thetr curriculum, we offer our views on the futare of the
university classroom. Our particular interest and exper-
tise is not in forecasting specitic technologics, butin iden-
titying the potential “revolutionary” capabilities that
teaching and learning these technologics will offer to
both the faculty and students. We continue to believe that
the connectivity afforded by enhanced network infra-
strucrure will be one of the most important driving cle-
mients in the changes we arc likely to see in education, and
as such, we emphasize those cletments in our view of the
future. Finally, to evaluate the viability of our forecasts in
the real world, we reflect on a recent experiment in ex-
ploiting this connectivity to improve the content, deliv-
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