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Abstract

Traditionally, many upper-level engineering courses are centered arounda major team projed.
How can this vauable adivity be suppated when course participants are not al | ocated at the
same institution? We describe an interadive video course invalving profesors and students at
six different sitesin Ohio and Michigan. We outline padli cies and procedures which enable
course participants to complete asignificant distributed projed that makes maximal use of bath
equipment and faculty skill s at the participating sites. This presentationwill provide a tiedlist
for succes<ul project definition and completionin similar distributed environments.

I ntroduction

In many advanced undergraduate and beginning graduate engineering courses today, thereis
increased emphasis on active student participation through classdiscusson and intensive murse-
long tean projeds. These adivities are essential to bulding important skill s for students who
are éou to enter the workforce or undertake graduate research projects. They are also
important comporents for fulfilli ng several of the outcomes required by the Accreditation Board
for Engineering and Techndogy (ABET), which is the standard acacreditation agency for
undergraduate engineaing programs. According to ABET evaluation criteria[1], "Engineering
programs must demonstrate that their graduates have" eleven separate skill s, 1abeled (a)-(k),
including:

(c) an ahility to design a system, component, or processto med desired nedds;

(d) an abili ty to function onmultidiscipli nary teams;

(g) an ability to communicate effectively;

(k) an ability to use the techniques, skill s, and modern engineering toadls necessary for

engineaing pradice.

In addition to satisfying ABET criteria, engineging students and faaulty arein a constant raceto
keep upwith the many new techndogical advances which are mntinuowsly being made. Today's
engineas can nolonger rely solely ontextbooks or even print journals for up-to-date information
but must also keep upwith information provided through technical conferences, unversity web
sites, and industry pubicaions and web sites. The need for coll aboration aaosstraditi onal
disciplinary bourdaries also increases the anourt of new technical knowledge which must be
assmilated onaregular basis. In addition, the multidisciplinary nature of many of today's
leading edge techndogies requires coll aboration among larger, more diverse, and often more
geographically separated reseach teans.



Course Content

In the fields of eledrical and computer engineering and computer science, a concrete
manifestation d these trendsisthe aeaof "System ona Chip" (SOC) development. A generic
SOC is svownin Figure 1. Today'sVLSI (Very Large Scale Integration) eledrical circuits, or
"chips’, provide increased functionality and speed in extremely small padages. For example,
the Pentium 4, [ 7] provides a complete powerful computer "system” (minus inpu/output
devices), runnng at speads of upto 3GHz (3 hilli on clock cycles per second), ina diip whichis
only 35 mm square. An SOC will also integrate inpu devices (sensors) and output devices
(aduators) with the computational elements of a dhip. These devices will typically process
analog electricd signals or signals of other types--mechanicd, chemical, biological, etc. For
example, inpu "sensors' may diredly measure speeal, vibrations, temperature, air quality, or
biologicd data, whil e output "actuators' may produce motion, chemical mixing, medicine
dispensing, or other events. The internal processng in such a system will often be
computationally intensive and may involve cmplex agorithms for "intelli gent" understanding
of the data and dedsion making. A specific example of a potential SOC, based ona project for
the @urse described here[14], is svown in Figure 2. The projed is based onthe work described
in [4]. Developing an SOC like the one in Figure 2 requires multi discipli nary teams working
together and employing multi ple tods to make the whole projed asuccess Because of the
multi ple types of expertise required, some team members may also need to be recruited from
geographically remote sites.

Figure 1. Generic SOC (System on a Chip).

Here we describe an experimental course designed to introduce oll aborative design techniques
and training in multitedhndogy design, to leverage avail able tods and faaulty expertise to
suppat thistraining, and to give students experience in dstance ollaboration onatypical SOC
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projed. The murse aldressesthe ABET criterialisted above. By drawing on alarge group of
faaulty expertsin arange of domains, it also suppats efficient dissemination d current
informationin abroad range of relevant areas. Thisisa particularly attractive strategy, since a
typicd university department will li kely be very strong in some aeas but ladk depth in ahers,
andthe main foci of research at each institution will also be refleded in the spedali zed
development todls avail able for use by students. By invalving many faaulty members, the course
also provides oppatunities for exploring team teading techniques. For multi disciplinary
projeds, tean teaching is essential, but it may be difficult or imposgble to arrange team teading
oppatunities within the murse structure of a single department. Our course provides away for
faaulty to beinvoved in amultidisciplinary team teaching effort with only adlight increasein
the number of teaching hours.

Figure 2. Spedfic SOC (" Bionic Arm™).

The experimental course described hereis based ona wllaborative research project suppated by
the Dayton AreaGraduate Studies Institute (DAGSI). The projed draws onthe expertise of
researchers from the Air Force Institute of Tedhndogy, Ohio State University, University of
Cincinnati, University of Dayton, Wright State University, Oakland University in Rochester,
Michigan, local industries, and the Air Force Reseach Lab (Wright-Patterson Air Force Base).
In the murse the focusisontransition d expertise developed during this research to graduate
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students at the participating universities. A technical description o the murse is avail able onthe
course website [13]. Thetednicd content of the murse has been described in [6]. Herewe
concentrate on the educational aspeds of the murse.

Clasg oom Environment

Eacdh o the participating institutions must have accssto avideo clasgoom, which permits
bidiredional audio and video communicéion. A typicd clasgoom (at the University of
Cincinnati) is hown in Figure 3. Equipment includes two cameras, ore fadng the instructor,
and ore facing the students, four monitors for viewing locd and remote sites, document camera,
VCR, dide projedor, PC with Internet conrection, whiteboards, a portable eael, a FAX
maaine, a speaker phore, and an automatic trading camerathat foll ows the presenter as he or
she moves abou theroom. Available mmmunicaion protocols are suppated viaT1, Integrated
Services Digital Network (ISDN), or Multi ple Control Unit (MCU) bridging techndogies. Ead
site dso provides afacilit ator to asgst participants during the presentation and to deal with any
communication glitches which arise during the sesson.

Figure 3. The University of Cincinnati Video Class oom.

Challenges

The major chall enges of a successul implementation d this course fal into threemain
caegories:

chall enges of teading any projed and team-based courseg;

chall enges of coordinating participant and institution schedules;

chall enges arising from the techndogy.

The general chall enges of teaching project-based courses are discussed, for example, in [9].
Projeds must be caefully defined, with spedfic milestones st out at the beginning, and with
requirements for student progressreports on aregular basis. Similarly, successul strategies for
setting up and managing student teams are described in [8]. Aswith projeds, successul student
team effortsinvolve dea definitions of goals and milestones. In addition, an understanding of
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team dynamics and d how to reamgnize and ded with common problems, which arisein
teamwork improves the successrate for student teams. The instructor also needsto provide
teams with regular opportunities to report on hawv the team is functioning and to get help to get
badk ontrack if interpersona frictions have arisen. Finally, specific grading palicies must be
establi shed at the beginning of the team projed and adhered to theredter.

The chall enges of coordinating participant and institution schedules involve determining start
and stop dates, as well as vacation cetes, for ead schod, setting up student palicies and
presentation schedul es to take into account whether each institutionis on a quarter or semester
schedule, and preemptive planning for potential problems such as techndogy failure, ill nessof a
presenter, or, asin Winter 2003,a series of "snow days" at some participating institutions.

The chall enges of distance learning in general are being addressed in many forums and many
strategies for delivering education online ae being developed (see[12], e.g.). But delivering
education through videoconferencing has its own urique dhallenges. Chall enges arising from the
tedindogy include dassoom equipment failure and communicaionfailures. Certainly the
passhility of such events needsto be factored into course planning. In addition, ledurers need
to become familiar with the various tods for presenting material and with the spedal
requirements for each type of presentation necesstated by the video clasgoom environment. For
example, Microsoft Powerpoint presentations containing mathematicd equations, which have
been developed for use with asingle dasgoom projedion system, may not be easily readable on
the dasgoom video screens. A speaker also needs to be sufficiently close to amicrophaneto be
head clealy. A further challenge may arise because of the mismatch of transmisgon rates
among institutions. This can cause questions and resporses from the "slow" siteto be delayed,
so that participants at that site may facedifficultiesin adively contributing to dscussons.

The biggest chall enge, however, isfostering student participation and dscusson. In avideo
clasgoom environment with two-way communicdion, thereis the posshility of interaction, bu
it isnot the same as in atraditional clasgoom. While two-way visual and audio communicaion
are provided, at any time during a dass ®sson, participants at a given site will only seetwo
sites, typicdly the site of whoever is gpeaking and their own site. This reduces the potential for
informal interadion and removes many visual cues which dscusson participantstypicdly rely
on. Also, oy one speaker at atime can be heard clealy. The successon d speskers must be
better managed than in atraditional clasgoom, since participants desiring to spegk may nat be
ableto seewho elseis also waiting to spedk. In addition, even if asiteisbeing televised, some
participant at that site may not be within the aeabeing televised. Participants, espedally
students, nead practice and encouragement to overcome the psychologicd barriersto
contributing to the discusson which these environmental feauresinduce Thisisimportant not
only for fadlit ating projea discussons, bu also duing ledure portions of the dass Research
has shown [10] that even in atraditional ledure students tend to become inattentive after about
20 minutes at most. Although we have nat colleded dataonthis, it islikely that, in the video
clasgoom environment, attention spans are even shorter. The dfed of this phenomenon on
student learning is one of the fadors which are ntributing to an increased emphasis on"adive
leaning [2] in engineeing education, sometimes simmarized as the profesor changing from
"the sage onthe stage” to the "guide onthe side"[3]. Achieving adive learning in avideo



clasgoom environment is nat automatic, even for teachers who regularly use adive learning
tedhniquesin atraditional classroom.

Chedlist for Course Coordinators

We ae aurrently offering our video course for the secondtime. With experience, we ae
gradually developing a checklist for organizers of similar courses. Thelist isawork in progress
and we welcome alditional suggestions.

Planning

Six months before the curseisto be offered:

- |dentify ageneral course coordinator and a project coordinator.
Identify alocal coordinator for each institution which will participate.
Appant awebmaster.
Set up an email li st for al coordinators and the webmaster.
Chocse a t¢asstime, bah days of the week and beginning and end times.
Eadh locd coordinator will arrange for the murse to be scheduled and the video conferencing
room to bereserved.
Asagroup,the general coordinators will write acourse description and arrange for pubdicity
a eadh institution.
Determine each ingtitution's <hedule, including beginning and end dates and any holi days or
vacdions.
Set up atentative preliminary schedule and begin to identify potential faaulty speakers;
contad each oreto determine interest.
Begin to investigate possble textbooks and supdementary material.

Threemonths before the courseis to be offered:
Revise the preliminary schedule and begin scheduling speakers.
Provide speakers with alist of avail able dassoom resources and templates for common data.
formats (e.g., Microsoft Powerpoint); templates shoud have been tested for readabili ty in the
adual clasgoom environment.
Define one or more @urse projedsto be mmpleted and investigate resources needed for
ead.
Confirm the coursetime and room reservations.
Order textbooks.

One month before the murseisto be offered:
Prepare afina schedule; the schedule shoud contain specific days for studentsto present
initial, in-progress and final project reports. Some flexibili ty for techndogy fail ures can be
built i n to the schedule (in general the techndogy has been very reliable. Most problems that
have aisen have been due to misunderstandings abou scheduling).
Confirm that technicd facilit ators will be avail able & nealed at eadh site.
Determine the grading scheme (overall plan for the @murse, with modifications for each
institution).



Prepare detail ed project descriptions.

Prepare atimeline, with milestones, for the project.

Choaose aprojed processmodd (such as the Rapid Prototyping Model in [11] ) which
stresses moduar development and will coordinate well with the distributed reture of the
course.

Hold an orientation sessonfor the instructors; this soud be held orlinein the video
clasgooms. For our course, instructors are, for the most part, already familiar with the basic
clasgoom equipment (computer, overheal projedor, etc.), but in genera instructors may
need experience with ore or more of these todls. Most instructors, however, will nat be
familiar with the video clasgoom. This sssonwill giveinstructors an opportunity to use
the equipment, to seehow their lecture materials appea onit, to try out the soundsystem,
andto beacome comfortable with interading with ather sites. An experienced user can also
suggest techniques based onadive learning activities [2] which can help to facilit ate
discusson. For example, the "wait time" [5] for students to answer a question may need to
be increased.

Encourage dl i nstructors to provide handous of technical material to coordinators for
distribution to students before their presentations if the materials do nd show up well onthe
video screens.

Share the best presentation materials from previous years with instructors  they can see
what is effective.

Just before the murseis offered:
Confirm al i nstructors, fadlit ators, and schedule.
Make sure instructors know how to submit materials to the web page.
Chedk that projed descriptions and timelines are ammpl ete.

Ongoing Course Management

During the first week of the murse:

- Ask ead student to introduce himself or herself and describe their technicd interests and
badkground this gives the students some experience with communicaing in the video
clasgoom and also will allow student groups to begin to form for the projects.

Provide ead instructor with the names, pictures, and short biographies of all the students, so
that they can interad more dfedively with them during class

During the secondweek of the course:
Make sure that all students have organized themselvesinto groups of 2-4 people, based on
interests and skill s.
Assgn ashort "miniprojed”, such as exploring and reporting on specific reference materials,
with ashort time frame, to get student groups, espedally thase which span severa
institutions, communicaing electronicdly and working together.
Schedule aproject discusson to encourage student input and qestions.
Make sure students know the projed schedule and milestones.
Make sure students can accessthe web site.



Make sure students have mntact information for al i nstructors and coordinators, in case they
have any questions, and encourage them to use this contact information

Schedule weekly projed reports and also schedule discusson sessonsif needed. Outside of
class students will only have email contad with their peas at other sites. Thusit is
important to make sure that students have sufficient oppatunity for interadion duing the
classperiods.

Throughou the ourse:

- Adhere to the projed schedule, with short oral (and written) projed reports for each
milestone.
Eadh locd coordinator will survey locd students periodically to make sure groupwork is
going smoathly.
Coordinators can aso provide discusson questions during the ledures to increase student
participation.

Wrap-up

After the murse ends:
Survey students and instructors for suggestions on hav to improve the curse next time.

Reoord suggestions to be considered for posshble implementation the next time the courseis
off ered.

Conclusions

We have offered some suggestions, based on our experiences and student and faculty feedbad,
to fadlit ate dfedive teaching, projed-based assgnments, and active learning in courses taught
through video conferencing. Effective use of video conferencing techindogy in project-based
courses remains an important areaof study for the future.
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