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Abstract
The integration of wireless, distributed technology into the
classroom has only just begun. To date we have primarily
focused technology at the classroom lecture environment imi-
tating the traditional activities there. We are only now begin-
ning to explore new models for advancing education based on
a new generation of interactive technologies. New methods
for immer sive hands-on learning, learning by doing, and inter-
active collaboration portend an evolution
in classroom instruction. Technology to-
day is opening new horizons for expanding
the learning process. With recent advances
in conferencing, network technologies, and
visualization technol ogies we now stand at
the brink of a new frontier for advancing
the human learning process. Low latency,
high bandwidth video conferencing coupled
with wireless TabletPCs, simulation and
gaming, and embedded technol ogies prom-
ise an exciting vision for expanding the
learning process with new compelling en-
vironments for lifelong education and per-
sonal growth.

I. Introduction
A.TheOpportunity

In the United States alone, the estimated technology spending
for K-14 education in 2002-2003 is estimated to be 12.1 billion
dollars and worldwide corporate external training spend isfore-
casted to grow to more than $80B by 2006*. Many countries
around the world are making similar substantial investments
suggesting that education is committed to understanding the
value of using technology to learn. Following the money, we
find that much of it is dedicated to effectively adhering to gov-
ernment sanctioned academic standards, building interoperable
learning objects, promoting staff development and identifying
macro e-learning strategies for the 21 century. Isthisenough?
Have we adequately researched the possibilities?

Our quest is to research and prototype pedagogically sound
technologies that offer international engineering educators an
advantagein using the exponential raw power of emerging hard-
ware and software. We envision introducing alearning research
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platform into engineering instruction through our relationship
with universities. The key isto integrate modern learning meth-
ods (especially active-based learning methods) into scalable
software designsand build reliabl e software that uses emerging
communication, collaboration, and integrative programming so-
lutions such as Web services. Through prototyping and dis-
semination for experimentation, we hopeto contributeto aclear
well articulated research agenda and technology roadmap to
chart our e-learning futures.

B. TheChallenge

We must start with creating learner centric
technol ogies and shifting away fromonly lec-
ture-based environments with pen and paper
assessment. William Gravesin his Framework
for an e-Learning Strategy statesthat “indeed,
the needs of a learning society will not be
met until virtual technologies are used, not
just to make instruction more convenient and
accessible, but also more effective. Thisfinal
shift to alearning-centric perspectivewill re-
quire instructors and their institutions not
only to sharetraditional content resourcesin
online formats, but to support enriched col-
|aborative learning environments that can transform today’s
online correspondence courses into opportunities to increase
thelearning outcomes of instruction. Thisisthe most immediate
and pressing challenge for most campuses in “engaging and
supporting faculty” as part of the Dot.edu challenge to tradi-
tional Higher Education”.?

The underbelly of integrating technology into the classroom is
the ability to capture the learner’s experience and provide ad-
equate feedback and response. This vision requires us to de-
vel op technol ogiesthat encourage immersion and exponentially
engage the user in multiple activities, capturing both implicit
and explicit knowledgeinteractions. It isthe preamble of learn-
ing by doing and capturing the learning experience for person-
alizing education that may dominate the best designs.

C.TheScope

We suspect that we will need to integrate technology into our
collective learning experience, spanning beyond our initial
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experiencein K-12 science, through university engineering edu-
cation through industrial education and into lifelong learning.
As Grossman and Minow state in their Digital Promise® pro-
posal, “In the new century, as the recent Kellogg Commission
on the Future of State and College Land-Grant Universities
pointed out, learning environments must reach beyond the
school wallsand directly into the home and workplace. Continu-
ous learning for working adults requires technol ogies that sup-
port aternative delivery of educationa programs*. Exploringthis
achievement isthe goal of this paper.

II. The Connected Learning Community

Given the rapid advances in hardware and software develop-
ment, we are seeing theworld' suniversities devel op compelling
new learning environments for engineering education. CPU
power advances have already provided unprecedented compu-
tational power for problem formulation and solution presenta-
tion. Graphics power has enriched our worlds in laboratories
and in visualizing engineering phenomena. Storage and net-
working have enabled digital libraries, instant communication,
and wireless classrooms. If we have come thisfar with our cur-
rent technological capability, imagine what this kind of power
will enable for 21% century scholarship and academics. It will
connect people together in unique ways, help us manage com-
plex problem-based |earning environments; bring federated re-
sources together for analysis, synthesis and interaction. 1t will
liberate usto create connected |earning communities.

Bottom Line: We've achieved access to content and people!

III1. Current Classroom Technology Falls Short

But have we achieved rich collaborative experiences, pedagogi-
cally sound technology integration, embedded assessment,

shared Internet-based | aboratories, rich video conferencing tech-
nology, immersive constructive environments, or even ameth-
odology for integrating technology into the classroom that is
not disruptive, nor socially handicapped—most likely not yet.

Senator Maria Cantwell writesin her Amendment to America’s
Bill on Education: “ A February 2001 Net Day study shows that
97 percent of teachers have access to some computer technol-
ogy, but only 32 percent were integrating computers in class-
room learning”®. Introducing technology into the classroom is
onething, introducing it effectively isanother. Perhapswe con-
centrate too much on recreating the classroom rather than using
wireless distributed technology to extend the classroom, mak-
ing instruction more flexible for the learner, the mentor and the
instructor while focusing on the experience of learning.

A.Traditional Classrooms

Traditional classroomstoday fall short of providing sound en-
gineering education because they lack the flexibility to create a
scaleable environment in which the students continually prac-
ticetheir art (or scienceinthiscase) in either simulated reality or
in real world situations. In fact, most instruction today (with a
few exceptions of those using project-based instruction models
such asMIT’siCampus Physicslaboratories®), repurpose teacher
centric presentation models, videotaping the instructor with ei-
ther Mylar or PowerPoint as a presentation mechanism. Stu-
dents take notes on paper or computers or disappear altogether
(Figure 1). Classrooms that look anything like industrial envi-
ronments rarely exist and students don’'t have customers or
community environmentsfor solving problems. When they do,
they’re not scaleable.

The interaction models are slow-paced and repetitive, hardly
challenging to the “twitch speed generation” who are used to

Figure 1. Computersin many classrooms today.
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Figure 2. Electronic classroomsin industry.

navigating both visual and textual data asrapidly as star fight-
ers. Usualy, in most learning environments, the teacher lec-
tures, the student interrupts occasionaly to ask a few ques-
tions, and dialogue is usually minimal, unless class sizeis re-
stricted. Students read textbooks and work on textually-based
problems. Teacher office hours are the only way to talk to the
faculty member or teaching assistant. Assessment is comprised
of tests with long feedback loops or long lines waiting to get
into laboratories.

B. Industry Shortcomings

Industry hasn't really achieved great gains in e-technologies
for learning either. They’ ve designed similar teacher centric elec-
tronic, distancelearning environments, using lecture-based tech-
nologies as the design model. E-learning applicationsin indus-
try still focused primarily on theinstructor asthe active partici-
pant, and the learner asthe passive participant (Figure 2). They
have encouraged presence awareness but only simulate learner
passivity. Toolsfor interacting with the instructor or each other
areextremely limited. They’ re not designing e-learning systems
to meet the skills required for problem solving in engineering
work environments.

C.Methodsfor Employability

Neither university, nor industry has utilized the technology yet
to enable our engineering workforce to enhance their skills for
employability. According to the National Standards SkillsBoard
those skillsinclude “listening, speaking, using information tech-
nology and communications, gathering and analyzing informa-
tion, analyzing and solving problems, making decisionsand judg-
ments, organizing and planning, using social skills and adapt-
ability, working in teams, leading others, building consensus,

and self and career development””. These employability skills
areuniversal. They are currently being designed into accredita-
tion and certification boards worldwide through either ABET or
the Bologna Accord. So how can we take these requirements
and build e-technol ogies to accommodate?

BottomLine:
WEe're focusing on the technology, not the learning.

IV. Pedagogical Soundness
A.What dowemean by pedagogical soundness?

Pedagogically sound e-learning environments take advantage
of tried and true traditional formats for learning, but need to
extend them to accommodate for increased interactivity. L ectur-
ing is important and economical for conceptual transfer, but
learning by doing requires studentstoimprovetheir performance
to achieve certain tasks. Project-based learning that involves
problem solving islearner centric and can be enabled withtoday’s
communication and collaboration software.

David Merrill, one of America’s leading pedagogues, provides
us some fundamental principles that all educational theories
espouse and examines these fundamental principles against al
modern educational theory. In short, heidentifiesthefollowing
elements which must be present to make any educational sys-
tem effective. He states:

e Learning is facilitated when learners are engaged in
solving real-world problems.

e Learningisfacilitated when existing knowledgeisacti-
vated as a foundation for new knowledge.
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e Learningisfacilitated when new knowledgeis demon-
strated to the learner.

e Learningisfacilitated when new knowledgeisapplied
by the learner

e Learning is facilitated when new knowledge is inte-
grated into the learner’sworld.

Much of the current work in cognitive psychology has shown
that students learn better when engaged in solving problems.
Problems should be authentic, real world, and, if possible, per-
sonal. Problem-based |earning iswell represented by a number
of recent instructional modelsincluding: Collinset al (1989) Cog-
nitive A pprenticeship; Schank et al (1999) Goal-Based Scenarios;
Jonassen (1999), Constructivist Learning Environments; Savery
& Duffey (1995) Problem-Based L earning; Clark & Blake (1997)
Novel Problem Solving; and van Merriénboer (1997) Whole Task
Practicein 4C/ID Model .8

Existing technology can be used to create a shared portal that
alowing individualsto publish freely wherever they are on the
Internet. Establishing such an environment allows project defi-
nition and project management for quarter or semester long
projects. Instant messaging allows users to communicate in-
stantly encouraging work group participation. Web-based pro-
gramming leads usbeyond HTML and makesit possibleto pro-
graminteractivity. Once accomplished we can annotatereal time,
synchronize real time, federate databases real time and bring
scholars together in new ways.

Bottom Line;
We must focus our e-technology on
learner centric problem solving.

B. Building Communitiesof Practice

Building the equivalent of professional societiesinwhich social
networking and knowledge transfer are superior supplementsto
education allows usto improve morethan our engineering skills
in problem solving. It also improvesthe employability skills of
listening, speaking, using information technology and commu-
nications, gathering and analyzing information, analyzing and
solving problems, making decisions and judgments, organizing
and planning, using social skills and adaptability, working in
teams, leading others, building consensus, and self and career
development.

Laplante and Wiesner® identify several requirementsfor acom-
munity of practice. Observing these requirementsin the design
of interactive learning environments will result in enhancing a
student’sfull learning experience.

1 Thecommunity’s members should be ableto locate or
be directed to relevant people and stored information.

2. Thecommunity should foster community spirit so that
members feel they belong to agroup with an identity.

3. The community must offer services that maximize the
information benefits to its members while controlling
information overload, promoting member interaction and
maintain community involvement for the benefit of all
members.

4.  Thecommunity must regulate the amount of communi-
cation and information flow intelligently so that the
burdens of membership do not become greater than it
benefits.

5. Thecommunity should allow membersto locate and be
informed about other like-minded members.

6. Selected members of the community should control the
information flow either by one-on-one communication
or by broadcasting to the group.

7. The fruits of the community must be peer-reviewed.
The outputs of the community such as the concept
modules, curriculum, tests and so on must be subject
toreview beforerelease. Potential new (voting) mem-
bers need to be approved by some (non-unanimous)
mechanism-based on their professional merits.

8. Information must be accessible. Voting members and
non-voting members of the community must be ableto
read and comment by anyone on any discussion (sub-
ject to moderation).

9. The community must be secure.

10. Thecommunity must haveauthority. Accrediting bod-
ies(such asABET) and professional societies (such as
|EEE) must bewell represented.

11. Thecommunity must bediverse. Thecommunity must
attract researchers, industry stakeholders and practi-
tioners and not just professional society members or
academics.

It isessential to examine social computing technologiesfor in-
clusion in sound e-learning environments. We must build our
research agenda for learning into software components that
contributeto compelling and effective social interactionswith a
focus on user-centered design processes, rapid prototyping and
scenario-based design. Research should include multi-user so-
cial applications on the Internet, wireless applications, scripted
social interactions, virtual worlds, trust and reputation, collabo-
ration, and story telling.

Community building software solutions enable us to work to-
gether more effectively, showing unforeseen social transactions
between people and projects, establishing trust relationships
for collaboration, modeling our usersto reduce cognitive over-
load, context monitoring disparate streams of content and fo-
cusing on improving the human experience in information and
learning.

V. Scholarly Applications of e-Technology

Today, the way, scientists and scholars are using computers is
to gather datadirectly by observation, process that information
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into a computer, analyze it and publish the results. We have
accessto this scholarly information through shared on-line pub-
lications. We can examine scholars data through shared FTP
and HTTP downloads. Our dataformatsare usually implicit, but
each researcher has hisher own data located in their unique
environment. This could be UNIX-based environments, Win-
dows, Mac, and other emerging environments such as Palm,
Windows CE, etc.

The applications that are designed to manipul ate and represent
this data often run on individual computers, making sharing,
validation, or even accessvery difficult. We are challenged with
innovating and advancing our knowledge of scholarship and
science and problem solving with this current configuration.

Given the computing power we' ve addressed, the software in-
novation in speech technol ogy, computer vision, embedded tech-
nology, storage capability, and the ability to program for asingle
platform (the World Wide Web using Web services) we can
build rich environmentsfor scholarly consumption. Like emerg-
ing business applications that are sharing data through XML,
SOAP, WSDL and UDDI, we can build scholarly environments
that open up access to a new form of international academics.

Web services promise to provide the ability to discover what
|earning resources are available today, find them, retrieve them
and then integrate them back into a course, a curriculum, or an
individual’s scholarly pursuit for innovation. The benefit isthat
the end user doesn't see the access to the multiple databases
and Web sites all around the world; instead, they see a contex-
tual interface, keeping them in their domain without cognitive
overload. Thisisavery powerful notion demonstrated both in
business literature on web servicesfor e-commerce and through
emerging Web services for education literature™®.
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A.LearningWeb Services

Higher education has not achieved the samelevel of connectiv-
ity that industry shares today, nor have they achieved a com-
pletearticulation of how web services canimpact higher educa-
tion. Nonetheless, we can learn from the industry models for
sharing transactional information and explore how we can use
web services to improve our scholarship systems for learning
(Figure 3). Connecting data, communication and interaction
through mobile, wireless, Internet-based technologies has
changed not only the way knowledge flows from individual to
individual, from computer to computer, from serviceto service,
from industrial strength software to rich business applications,
but in the futurefrom learning experienceto learning experience.

Intherecent U.S. publication the President’s | T Advisory Com-
mittee on Using Information Technology to Transform the Way
We Learn, the collective authors suggested that “industrial ex-
perience over the last two decades demonstrates that success-
ful information technology-assisted process improvement al-
most always requires that information technology be coupled
with a careful rethinking of the targeted processes and social
institutions”.* We can learn from industrial reengineering and
use these new processes to help us change the way that stu-
dents interact with teachers and administrators.

We are shifting away from acentralized computing environment
to adistributed environment in which we can take advantage of
moving information from multiple sources, enhancing the content
with annotation, with rich graphical libraries, with storytelling,
with video conferencing, with access to experts located in the
same visual environment, with project management and data
mining capabilitiesundreamed of before. Thisenrichment allows
us to interact with scholarly material and exchange business
information across multiple clients, servers and services.

Unive

Mobile Students

Figure 3. Distributed educational environments.
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Web service technology allows us to federate databases more
easily to improve access to |nternet-based learning materials.
We can utilize communication technol ogies to teach, learn, de-
bate, summarize and theorize. We can build project-based envi-
ronments with various form factors that receive and send data
and learner interactions to extend teaching beyond the class-
room. We can build systems that play into larger integrated
solutions inviting industry, textbook distributors, commercial
supporting services and an international community to create
virtual universities, extending our capabilities, research dollars
and revenues. Along with these capabilities comes anew set of
tools to help orchestrate these changes.

B. Web Service Programming for Scholar ship

With tools emerging such as Academic Visual Studio.NET we
are able to program the World Wide Web, enabling rich,
interoperability, security, experience and innovation. With tele-
communications technology, we' re now ableto wire campuses,
where every student isworking with the device of his’her choice,
accessing databases worldwide, in shared collaborative envi-
ronments that enhance the depth of the learning experience.
Bring these two together, and we are able to design pedagogi-
cally enabled toolsfor improving scholastic collaboration.

As we envision the next generation of technologies for educa-
tion in a wired, programmable environment, we see students
working on-lineinvisually rich environments, building things,
communicating with guest lecturers and co-devel opers. We see
learning adapting to individual learning styles and maintaining
a lifelong learning portfolio that tracks all student activity,
projects, collaborations and learning issues so that students
can receive and exchange constant feedback from teachers,
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Figured. TerraServer, alearning Web services.

partners and peers. The promise of sound learning Web ser-
vices with emerging computational power, new devices, and
wireless, high-speed Internet connectivity in rich visual envi-
ronmentswill changetheway welearn.

C. Accelerating Scholar ship with Technology

Imagineif you had the ability to access all the geographic data
through one Web service and arich visual client served up that
data for you depending on how much you knew about atopic?
You could explore the environment, managing the data as well
asyour expertise allowed. Asyou learned more, theclient inter-
face would access more federated data and serve up more to
you, always keeping you at your level and building your know!-
edge bit by bit. Not only could you see all your data in one
location, but you could see experimental results kept in a data-
base anywhere in the world directly associated with that geo-
graphic dataand work with individuals on problems as aresuilt.

Imagineworking in shared publications on-line with others, an-
notating publications, videos, communications, |earning experi-
ences and creating asecond set of knowledge around the schol -
arly material and interactions. The combined set of experiences
of individual sreacting with scholarly data can be ascompelling
a learning environment as the actual outcomes for achieving
those scholarly gains.

Imagine self describing data structuresthat would be accessible
remotely by distributed applications. We are able to share com-
mon schema for well understood data, federate large data sets
around the world, and share applications over the network via
self describing interfaces. Examples of these kinds of learning
Web services include the TerraServer (Figure 4) and the

Figure 5. Federating databases.
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National Virtual Observatory®? (Figure 5) which improves the
ability to teach geology and astronomy by aggregating world-
wideinformation into onelocation for analysis.

Our next grand challenge in engineering education is to con-
tinuing building next generation learning exemplarsliketheseto
enhance scholarship and academics, taking advantage of the
rich tools for programming the Web, accessing databases, in-
creasing feedback and responses systems, and augmenting com-
munity and interactive learning experiences.

D. ThelL earning ExperienceProject (L earningXP):
A Research Project

Currently, we envision a set of core research technologies for
building high bandwidth and optimal bandwidth learning Web
services. The core technologies include a) low latency, high
bandwidth video conferencing, b) gaming technologiesfor simu-
lation-based environments, and ¢) emerging embedded tech-
nologies for building learning experience into physical objects
for psychomotor development. Around these core technolo-
gies sit a set of pedagogically sound learning services for the
student, the teacher, and the mentor. As a container for these
services, we envision a ubiquitous user interface for managing
Web parts and capturing embedded learning experiences for
improved assessment.

1. ConferenceXP: The first core technology

Over rapid networks such as Internet 2, we are developing a
learning research core technology for low latency video grid
conferencingto allow for enriched immersionin alecture-based
environments across multiplevenues. Imagine being ableto see
live lectures and student interactions in those lectures across
multiple universities. Thisvisually immersivelearning research
technology is designed for ease of use, with rich educational
experience, and scalability using wireless PocketPCs and
TabletPCs. It uses a simple, configurable archival system en-
abling individual participants to record and playback confer-
ences and student and teacher interactions.

Thistechnology isbuilt on single-machine architecture capable
of scaling to handle large, group-to-group-to-group conference
scenarios, relying on simple softwareinstallation and hardware
configuration. No conference session operator isrequired. Cam-
eras, microphones and other peripherals are configured for a
‘best fit'" default configuration and a published Conferencing
APl enables the development of custom user interfaces and
automation with existing systems.

Itsarchitecture scalesfrom large rooms down to personal nodes
(laptops), enabling a wide range of collaborative scenarios.
ConferenceX P uses Windows Media codec’s which are highly
optimized for bandwidth and CPU utilization. Advancesin com-
putation power (Pentium 1V) and graphics processing speed
(nVIDIA GeForceor ATl Radeon) enabl e the deployment of high-

performance collaboration on asingle desk-
top machine. The network transport can
adjust for poor network conditions or less
than optimal network bandwidth (includ-
ingwireless).

h‘I
i

Therich instant messaging client sidein-
terface provides a singular interface for
supporting full screen video at 30 fps, with
250 mslatency. FireWire cameras enable
high quality, efficient video capture with
fiveway conferencing < 2 Mb/s

We imagine this ubiquitous interface for
learning Web services to help
contextualize information in one location
on the edge of the screen. With the ability to persist interaction,
video experiences, annotations, communication, we see Web-
based student portfolios emerging in this format to carry stu-
dent activities such as notes, project schedules, and video-based
experiencesall inasinglelocation.

I 2V | RO

The aim is to point the technology at collaborative working
groups meeting in classrooms, conferences, workspaces, in the
field, etc. and coupleit with wirel esstechnol ogiesfor accessing
scholarly dataanywhere, anytime. We envision building a set of
learning Web services that address the pedagogical needs of
thevarious usersin thelearning experience around ConferenceX P
with wireless Tablet PCs. We can enable other universities and
partners to co develop these sets of services such as Internet-
based laboratories, Internet-based essay evaluation, etc. We
then imagine a set of services for the Student, for the Teacher,
and for the Assistant/Mentor (see Figure 6. LXP, alearning ex-
perience research project at Microsoft Research).

LXP
The Edge
Ubiquitous Ul for

Learning Web
Services

Classroom

Enabling the
Hardware and
Networking
Infrastructur

Student

Collaborating and
sharing learnin,

Continuous feedback
and evaluation loop

quality, low latency
live video and audio

Assistant

Mentoring services
connecting students,
teachers and
coursework

Wireless contro
delivery of content,
...integrated
communication wi
students and TA

Figure6. LXP, alearning experience research project at
Microsoft Research
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Using the upcoming new form factors such as the wireless
TabletPC we' re ableto create amore project-based environment
that allow students to move around, receive instruction, aggre-
gate project work, integrate with others and take notesin their
normal handwriting. Our prototype LXP project is seen in the
following form factor (Figure7).

Video technologies do not have to simply imitate the lecturer
standing in front of the class. Instead, it can be used asaway of
participating in aclassroom, conferenceroomthefield, or alabo-
ratory. When used effectively, we see gainsin student achieve-
ment. Gibbons, for example, hasfound that studentswho viewed
videotaped university-level lectures in an active discussion
group performed half a grade-level better than those who at-
tended the lecturesin person.t The capability is here, the future
users are for you to develop.

2. The Student Experience

The student experience must enhance the student’s ability to
communicate and collaborate. In lectures, students need to be
able to interact with the content either during presentation or
during reflection and review. Annotation, note taking, comment-
ing on content and interacting with others during the explora-
tion of the content must be facilitated. Summarization capabili-
ties must be made available to aid students in working through
not only teacher generated content, but student generated con-
tent aswell. Inquiring management tools must facilitate student
guestion and answering, especially using excellent natural lan-
guage processing inquiries so students experience the equiva-
lent of mentoring.

Application sharing is required wrapped around groupware ap-
plications enabling collaboration. Multimedia search must be
available. Social filtering for collaboration enables matching and
pairing studentsworking together. Personalized librarieswill help
contextualize the user’s experience. Modeling toolsfor concep-
tualizing scientific and mathematical models is essential and
knowledge representation tools will enable students to brain-
storm, prioritize and visual workflow. Participatory simulations,
virtual laboratories and ultimately intelligent-based tools that
embed learning in physical objects must be made available to
students.

3. The Teacher Experience

Theteacher experiencefocuses several requirements: active pre-
sentations, individual assignments, assessment, and group for-
mation. Active presentation learning services provide delivery
and feedback between faculty presentation and student re-
sponse. For example, students should be able to write directly
on PowerPoint type applications during lectures, or during re-
view of materials. Teachersshould be ableto receivethisfeed-
back either real time or post lecture and make adjustments to
their instruction, to their materials or to their student’s learning
behavior. Individual assignments build on teacher’s observing
how students understand facts, concepts, procedures, pro-
cesses and principlesasthey’ reintroduced. Such software must
help teacher’ s visualize how students are demonstrating critical
thinking and skills acquisition while engaged in a project using
new knowledge.

Figure 7: The student’s experience.
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Learning services that enable teachers to break students into
groups, brainstorm, interactively sharework in context, provide
communication structures, and model usersfor working together
effectively are essential for building next generation learning
systems. Teachers need toolsfor producing scientific visualiza-
tions for understanding difficult concepts such as Faraday’s
Law or other physics principles. Teachers need to be ableto use
remote instrumentation, sensors, recording devices, and knowl-
edge management tool s to create exciting engaging curriculum
for students.

Thisisjust the beginning of the interactivity, feedback and de-
livery systems needed to enhance the teacher experience.

4. The Mentor Experience

Mentors need similar learning tools for building the learning
experiencefor students. They need avery similar set of software
infrastructure to support working with students either during
their on-linelearning experience, during their classroom experi-
ence, or whileworking onindividual or group projects. Many of
thetoolsthat faculty usewill also be useful for the mentor expe-
rience. Managing discussion groups, grouping students to-
gether in collaborative workgroups, and providing people to
people communication instantly when students are engaged in
on-line activities are some of the key features needed for appro-
priate mentoring.

5. TheUser Interface

In order to contextualize learning, keeping the student focused
around the elements of learning, the association of content to
activity, the communication structuresfor working in collabora-
tion, students need asingle interface that stores all the learning
Web servicesfor their learning experience. Thisinterface needs
to be programmabl e. It should allow studentsto storeindividual
“Web parts’ into a student portfolio for managing cognitive
load and for providing a foundation for assessment. Since this
vision of technology includes storing not only content, but
interaction with content in a single location, such an interface
would not also serve as avirtual reminder of what a student is
working on, but a software infrastructure for providing person-
alized feedback on competency management.

6. The Assessment Experience

Underlying aninfrastructure for managing student performance
is no easy task. Best assessment comes from working with the
student person to person, and assessing in a holistic fashion.
As studentsimmerse themselvesin the digital environment, we
envision taking advantage of the interactions, decisions, col-
laborations, and communications and storing them in a single,
personalized location for evaluation. If each of thelearning ob-
jects contains information about the topic as a metatag, then
we're able to aggregate that information, use natural language
processing algorithmsto process the information for evaluation
and provide feedback to students against a set of defined

learning objectives. Exploring thisareaof research will befun-
damental to building effective learning systemsfor education.

You can possibly guarantee learning outcomes by embedding
assessment in software that models users and provides contex-
tual monitoring to ensure learner styles are observed, learning
disabilities are accommodated for, and content isrelevant to the
user. You can create electronic portfolios that provide deeper
evaluative data, capture real time experiencesand track student
progress over long periods of time. Through Al models and
people to people connections you can increase interactivity
and learning experience.

7. The Classroom Experience

The classroom experience has changed significantly. Richard
Katz mentionsin Dancing with the Devil, “We should also rec-
ognize that classroom instruction is arelatively recent form of
pedagogy. Throughout the last millennium, the more common
form of learning was through apprenticeship. . . itissimply too
labor-intensive for the mass educational needs of modern soci-
ety Our research model accommodates for the classroom, for
the conference room, for the single PC, laptop, PocketPC,
TabletPC or any emerging devicethat will generate XML -based
content. In order for education to persist through lifelong learn-
ing, the Internet becomes the central repository of content, the
warehouse of interactionswith the content, the communication
medium for interacting together, and the new schoolroom.

VI. Next Core Technologies

Quality video-based conferencing coupled with a set of learn-
ing Web services to increase interactivity and pedagogical
soundness will enable us to build sound lecture-based learning
and supplement it with a rich set of services for interaction.
These learning Web services can be reused other sets of tech-
nologies aswell. We see visually-based immersive simulations
and gaming technologies emerging as an environment for
constructivist activities for engagement. We see physical simu-
lation environments powered by embedded and MEM s-based
learning technol ogies as another potential core technology that
can be used to improve the learning experience with technol ogy.

A. Simulation and Gaming

Gaming and visually rich simulation technologies provide
scaleable modelsfor engaging in the learning by doing compo-
nent of education especially if we can deconstruct each indi-
vidual visual element and program functionality into that object.

Interacting with animation that requires critical thinking and
construction of visual elements with rich feedback and incre-
mental levelsof difficulty isvery promising. We have seen high
levels of interaction like thisin the gaming environment. These
emerging mediahold promisefor increasing motivation among
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learners and keeping them focused on activity-based tasks.

Henry Kelly from the Federation of American Scientists sumsup
“Computer simulations can let you see a heart beat, look inside
to seefluidsflowing, and find out what happenswhen thingsgo
wrong. Instead of reading about how the heart works and see-
ing diagrams on apage, these dynamic tools open extraordinary
new possibilitiesinlearning. They bring up-to-date ancient learn-
ing techniques-based on apprenticeship, problem solving, and
mentoring.

Imagine developing adigital human model. The human body is
the most complex machine we know, and the most fascinating.
Mechanical, electrical, fluid, and chemical communications op-
erate at scales from the molecular to gross anatomy. The body
has information systems, energy systems, and manufacturing
systems. Most of what we know about these systems can be
represented in clear visual ways, but doing this requires an un-
precedented investment in developing a functioning model—
tools more complex than those used to build the Boeing 777.
Once built, however, the system could be used to help students
from grade school to medical school; help physicians explain
procedures to their patients, and serve as atool for research®.
Imagine the software environments, APIs, and learning infra-
structure to scale models such as these.

B. Physical Simulation Technologies

Embedded technology is promising for another set of coretech-
nologiesfor designing an extensiblelearning research platform.
When software is embedded into physical objects, we can con-
ceivably extend our learning environment into these objects.
We can build intelligence or learning into the various compo-
nents and potentially observe psychomotor skills as students
are connecting objects, allowing usto potentially provide real-
time feedback and responses to the students. If the student
doesn’t understand the feedback, he can be moved to a visual
environment for better visualization of key engineering con-
cepts. If the student still struggleswith the visualization, he can
sent back to the original set of lectures and exercises through
the video conferencing environment.

Imagine a core set of technol ogies that enable the devel opment
of interactive, smart objectsfor constructing abridge, arouter, a
motor. I magineintegrating these capabilitieswith learning Web
services for enhancing collaboration, interaction and assess-
ment.

L ecture-based conferencing, visual experience simulations and
physical simulation technology powered by embedded tech-
nologies and MEM S technol ogies promise to enable engineer-
ing education in an integrated model for building in learning
science with technology and enhancing scholarship through
flexiblemodels.

VII. Call to Action
A.What can you do?

By using available hardware and software technologies, you
can plan for and build on broadband, wireless, massive storage
technologies. You can incorporate el ectronic ink, speech recog-
nition and computer vision to createinteractive model sthat will
enhance student and faculty experience. You can build inter-
university tools by federating Internet-based |aboratories either
alowing studentsto integrate real time datafrom expensivein-
strumentation, or actually controlling it from adistance. You can
distribute curriculum between departments and universities by
building digital libraries and grid-based tools that allow stu-
dents to come to other locations through high bandwidth, low
latency video conferencing.

You can start designing your learning systems with pedagogi-
cally sound tools that enable project-based learning, learner
centric environments, rapid response and feedback systems.
You can build community environmentsthat extend thelearners
experienceinto the real world environment of project manage-
ment, customers, user requirements, negotiation, critical think-
ing, and working with others. You can build simulations, gaming
environmentsfor education, and inquiring management toolsto
create better interaction models between students and content.

B. What can thegover nment do?

Findings from the Web-based Commission report composed of
16 members who were selected by the President, Secretary of
Education, and congressional leadership, conducted a detailed
study of the critical pedagogical and policy issues affecting the
development and use of Web-based content and learning strat-
egies to improve achievement at the K-12 and postsecondary
levels. Therecommendationsthat follow areimportant for policy
decision makersand institutional leadersworldwide.

1) Make the effective integration of information technology
with education and training anational priority.

2) Establish and coordinate a major research initiative for in-
formation technology in education and training.

3 The Federal government should collaborate with industry,
state governments, and private foundationsto aggressively
pursue the information technology research program re-
quired to advance education and training.

4) Enable educators and related professionalsto useinforma-
tion technology effectively.

5 Work withindustry and academiato develop technical stan-
dards for extendable component-based technologies and
infrastructures that can be widely used in online education
and training.

© 2002 Microsoft Corporation. All rights reserved.

Proceedings of the 2002 eTEE Conference 11-16 August 2002 Davos, Switzerland 74



e-Technologies in Engineering Education Learning Outcomes Providing Future Possibilities

(1
(2

(3
4

(5

[6]

[7]

(8]

9

[10]

[11]

[12]

Proceedings of the 2002 eTEE Conference 11-16 August 2002 Davos, Switzerland

Endnotes

IDC, Gartner, ASTD, Accenture, Microsoft analysis.
William H. Graves. Framework for an E-L earning Strategy.
http://mwww.educause.edu/ir/library/pdf/NL10014.pdf
Grossman, Lawrence and Minnow, Newt. A Digital Giftto
the Nation. http://www.digital promise.org/report.asp
Kellogg Commission onthe Future of State and Land-Grant
Universities, “Renewing the Covenant: Learning,
Discovery, and Engagement in a New Age and Different
World,”National Association of State Universities and
Land-Grant Colleges, Washington, D.C., March 2000.
The Honorable Senator Maria Cantwell, “ Developing Best
Practicesfor Technology in Education,” an amendment to
the education bill co-authored by with Senator Mike Enzi
(R-WY). http://www.thel earningfederation.org/documents/
cantwell.doc

TEAL- Technology Enabled Active Learning, http://
WWW.swiss.ai.mit.edu/projects/icampus/projects/
teal.html

US National Skills Standards Board report on its Skills
Scales Companion Guide, US Department of Labor,
2000. Office of Policy and Research. http://
www.nssb. org/ss.pdf

M. David Merrill. Submitted for publication to Educational
Technology Research & Development. http://id2.usu.edu/
Papers/5FirstPrinciples.PDF.

Laplante, Phillip and Wiesner, Peter. Pedagogy for Web-
based technical education.

HEKATE. Web Services White Paper. http://
www.hekate.org/HEKATEWebserviceswhitepaper.
pdf

President’s IT Advisory Committee, “Report to the
President on Using Information Technology to
Transform the Way We Learn”. http://
www.itrd.gov/pubs/pitac/pitac-tl-9feb01.pdf
Funding for the creation and distribution of the SDSS
Archive has been provided by the Alfred P. Sloan
Foundation, the Participating Institutions, the
National Aeronautics and Space Administration, the
National Science Foundation, the U.S. Department of
Energy, the Japanese Monbukagakusho, and the Max

Planck Society. The SDSS Web site is http://
www.sdss.org/.

Reported in Brown, J. S., “Growing up Digital,”
Change, March/April 2000, p. 13, at http://
www.aahe.org/change/digital.pdf.

Katz, Richard N. and Associates. Dancing with the
Devil: Information Technology and the New
Competition in Higher Education. Jossey-Bass Inc.
1999.

Henry C. Kelly, President of the Federation of
American Scientists

[13]

[14]

[15]

Author's Biograhpy

Randy Hinrichs is the Group Research Manager for Learning
Science and Technol ogy within Microsoft Research where heis
developing learning Web services for education, managing a
large scale Learning Science and Technology research project
at MIT called iCampus, and is one of the pioneers of the Learn-
ing Federation, a consortium of industry, government and uni-
versities focused on an international research agenda for LST.
He has been working as an educational technologist researcher
for 25 years. He delivered the first World Wide Web at Sun
Microsystems in the early 90s and wrote two ground breaking
books on using the Web for education: Web Page Design: A
Different Multimedia (cognitive and interactivity design), and
Intranets: What's the Bottom Line (creating learning organiza-
tions with intranet technology). He has testified before Con-
gressfor the Web-based Education Commission, participatedin
the PITAC Subcommittee on L earning, keynoted at many inter-
national Web education conferences and appeared in many ar-
ticles both as an intranet strategist and visionary on Web edu-
cation. He is Microsoft’s industry board member on the Ac-
creditation Board for Engineering and Technology, |EEE Learn-
ing Task Force, the National Science Foundation's Corporate
Foundation Alliance, ACM’s eLearning Board, the American
Society of Engineering Education and the International Net-
work of Engineering Education and Research. His penchant for
technologiesin education is simulation-based technol ogies that
enable activity-based learning, discovery learning and game-
based learning.

© 2002 Microsoft Corporation. All rights reserved.

75



