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In one of my earlier works presented here at the Academy of Athens I
described the airplane as a vehicle for bringing people together for technologi-
cal, educational and social developments (1). Using the airplane as a backdrop,
I was able to frame the operations of my laboratory and describe the teaming
processes that were beginning to come together. The original teaming relation-
ship alluded to in that earlier work between the Boeing Commercial Airplane
Group, the large Japanese chemical concern, Toray, and the Polymeric
Composites Laboratory at the University of Washington still survives in a very
robust fashion to this day. This team, comprised of hundreds of people, was
responsible for the structural composites present today in the floor beams and
empennage of the Boeing 777 part of which is shown schematically in Figure 1.
These composite materials were able to reduce the weight of this newest vehicle
in the Boeing family, thereby reducing the cost of airline operation and travel
for the airlines and customers. I am beginning this talk with this illustration to
demonstrate the efficacy and power of teaming relationships.

However, my work, whether it was on the viscoelasticity of thermoplastics (2)
or Co-opetive team education and learning at the University of Washington (3),
has always focused on the processes required for action as opposed to the product
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resulting from action. The team described above may have accomplished notable
results, but the real accomplishment came at a breakthrough workshop where a
diverse group of people I assembled was able to discover the requisite environ-
ment for the assembly and operation of such teams. And I am here tonight to out-
line the processes that bring together teams and allow them to function success-
fully. The description of these processes will be punctuated by two primary exam-
ples, which were still related to the airplane. I will also use my most recent work-
shop, which was focused on both management of technology and polymer funda-
mentals, as an illustration where I have reached beyond the airplane and begun
to expand this teaming methodology into a wider range of fields.

But first, I must digress to describe an event that resulted in finding a key
piece of the teaming process. Shortly after the presentation I mentioned earli-
er, I was invited in 1995 by the Boeing company to partake in a class designed
to teach pilots how to fly the Boeing 757/767 family of jetliners. The class was
centered on a flight simulator that allowed the user to effectively step inside a
cockpit and fully experience a virtual reality of flying a commercial jet. This was
the fastest, most effective mode of teaching I had ever been exposed to, and I
titled it experiential learning because it allows you to learn through an experi-
ence without necessarily having been trained in the underlying fundamentals
of the subject. This can be most succinctly described by the phrases from the
ancient Chinese philosopher K'ung Fu Tze shown in Figure 2. Experiential
learning is closely related to game based learning, which is currently being
explored as a very powerful pedagogical tool in fields as wide ranging as nurs-
ing and public policy (4, 5). Since my experience with the flight simulator, I
have made it a point to include experiential learning in every teaming process.

The 737 flight simulator has continued to evolve since my initial exposure to
the task (Figure 3), and in the same way, my teaching style has been evolving as
well. Due to my initial exposure to experiential learning, I began experimenting
with the working relationships between professors, industrial experts, student
facilitators, such as teaching assistants, and students. The evolution of these rela-
tionships is depicted schematically in Figure 4 and described below. Scenario 1
shows the relationship in a traditional classroom, where the professor is in direct
contact with the students through lectures, and the teaching assistant plays a
supporting role mainly outside of the classroom. The role of the teaching assis-
tant —a graduate student- is to grade exams and assignments, and to hold office
hours to help explain the professor’s lectures. As a result, the students and the
teaching assistants learn only about what the professor chooses to lecture and the
material he passes on.
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Scenario 2 represents the first attempt to change the traditional way the class-
room was run in Scenario 1. The new format consisted of student learning teams,
student facilitating teams comprised of senior graduate students, and profes-
sor/expert teams, the latter providing facilitation only; no formal lectures were
given. If the students requested a lecture from the professor/expert, it was given
in discussion format to maximize the learning process. The student facilitating
teams and the professor/expert teams spent about the same amount of time assist-
ing the learning teams. Students were largely encouraged to determine what they
wanted to learn in addition to the fundamental material of the course. The result-
ing interactive learning environment encouraged all three teams to increase the
breadth and depth of their knowledge. This scenario emphasized individual and
team assessment; both the students and facilitating teams were evaluated.
However, after an evaluation of the course it was determined that a communica-
tion gap existed between the student facilitating teams and the professor/expert
teams, which did not provide adequate structure for technical education. The fol-
lowing scenario was created to form a more structured base for teaming classes.

Scenario 3, modified by the professor/expert team, was designed so that the
student facilitating teams could manage the class for the quarter, assigning read-
ing, grading exams, and giving the course direction. The student learning
teams” role was unchanged from the previous scenario; they were present to
acquire knowledge and to stimulate their own learning.

This scenario focused on student facilitating teams, the senior graduate stu-
dents, interacting with the student learning teams and receiving limited input
from the professor. Although this system was more structured than that in
Scenario 2, it still did not provide satisfactory framework for the learning process
because of insufficient interaction between both student teams and the profes-
sor/expert team. It was realized that although students should not be controlled
by the professor/expert as they were previously in the traditional classroom, they
required more direct aid from the professor/expert in the teaming environment
for optimal learning to occur (6).

Scenario 4 depicts a more balanced learning environment evolved from
Scenario 3. Class structure was strengthened while maintaining a customer (stu-
dent) driven learning environment in a team atmosphere. This was accom-
plished by providing equal interaction —whether during class time or outside of
the classroom— between student learning teams, the professor/expert team, and
graduate student facilitating teams. The educational process proceeded in a
more methodical manner, increasing the students’ learning and the efficiency of
all the facilitation involved.
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The final scenario, scenario 5, included the positive attributes of scenarios 1
through 4 and added the key aspect of experiential learning. In addition to
attending class sessions, students worked in teams on projects grounded in real-
time and designed to strengthen their active participation in the learning
process. Through their project work students generated their own questions,
again reinforcing the idea that the students determined the curriculum. To help
facilitate this educational process, students outside of the engineering discipline
were brought in from majors such as Operations Management and English to
create rich and diverse teams. From this, students were able to draw on each
other’s core knowledge and learn from one another while at the same time
learning together in class. This is where the professor/expert team became
increasingly more of a catalyst rather than the omniscient educators; the team’s
job was to guide and facilitate the learning process and not to dictate its out-
come.

The final scenario in Figure 4 also included a vital aspect of interaction
between teams. Instead of each team interacting with another team, all teams
now associate together at the same time through projects, sharing background
information, and engaging in hands-on experiments. This final process has
proved to be extremely effective at increasing student participation, teamwork,
and communication skills, all while strengthening their traditional fundamental
knowledge. The scaling for this process —and for teaming in general- is com-
prised of a compete-and-collaborate-environment, heterogeneity, and a global
scope.

An undergraduate capstone design class in the Chemical Engineering
Department at the University of Washington executed one of the most
poignant examples of what can be accomplished through experiential learning
in the teaming environment that was just described. As stated earlier, in con-
trast to other professors in this department at the University of Washington, I
open these classes to students from many disciplines outside Chemical
Engineering, including such diverse departments as English, Operations
Management and Law, and challenge the students to complete a project in
only 10 weeks. Most importantly, all these projects are posed by industrial
sponsors who have a very serious stake in the outcome of the class. Prior to a
class in 1998, I was consulting to Phil Condit, CEO of the Boeing company on
the future of the Boeing Business Jet, a modified 737 for business travel. A
question was raised about possible improvements to the shower system on the
Business jet. At that time, a shower on a plane required 60 gallons of fresh
water and two holding tanks in the cargo, which made for a significant loss of
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volume in the cargo hold and a large amount of extra weight, translating into
poor airline performance. The senior design class of 1998 was challenged to
improve this system, and ten weeks later I stood looking at the first working
prototype of the recirculating shower system. This shower, which has since
found its way onto the Boeing Business Jet, only required five gallons of water
and dit not need a holding tank in the cargo hold. This elegant solution,
shown in Figure 5, took care of both major problems facing the old shower
design; furthermore, it was built from off the shelf technology, which means
that development costs and the cost of scaling this technology up out of the
laboratory was relatively low. Again, it was a teaming environment that was
able to deliver results beyond expectations in very little time.

Approximately one year later during the spring of 1999 I organized a Life
Long Learning symposium. At that symposium, we were discussing what the
key events were and what was distinctly different about the environment that
had allowed the development of the recirculating shower to come to fruition
so quickly. After a lengthy brainstorming session, it became apparent that the
environment was one that was equally focused on business, education, design
and research. These four components had been harmonically balanced, all
competing for the attention of the participants, yet at the same time spurring
the students to create the recirculating shower by working together. That
workshop showed me that the Polymeric Composites Laboratory was actually
not the cornerstone of the teaming environments, but rather a very important
node in the Business, Education, Research and Design (BEDR) Organization I
had created.

BEDR was established to provide an exchange ground between academia
and industry. As shown in Figure 6, at the base of this global group network,
there are people, equipment, and projects. These three elements interact
together in an environment that is controlled by the 5S and 60 principles (7, 8).
According to Nishibori and Tataku, 58S is a philosophy that allows for a clean and
ordered working environment (7). Developed and successfully implemented by
the Japanese industry, the 5S philosophy has so far not been achieved in an aca-
demic environment. In its effort to apply and master this philosophy within the
boundaries of a non-profit organization, the Polymeric Composites Laboratory
(PCL) combined the 5S principles with that of the 60 theory. Developed by
Motorola in the 1990s, the 60 theory implies streamlining any process until it is
flawless (8). Basically, this means that there is no tolerance for error or deviation
from set norms and standards. My governing principle of the double trinity,
which I applied earlier to leadership and technical concepts can be generalized
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as shown in Figure 7 and applied to the 5S and 60 concepts as shown in Figure
8 (9, 10). By associating the 5S and 60 principles with a house base and an enter-
prise base connected by scaling principles, the PCL was successful in demon-
strating that both philosophies could be applied to a non-profit environment.

A schematic drawing of a virtual cross section of this organization is present-
ed in Figure 9. Not surprisingly, this figure can be easily compared to earlier
work performed on the network development of high performance thermoset-
ting polymers for aerospace applications (11). As Figure 9 shows, the BEDR
organization is a global group network of organizations, and more importantly
individuals who are willing and able to advance and aid a further understand-
ing of the teaming process. These different institutions are able to come togeth-
er and form teams that are able to achieve far more together than they ever were
able to do so standing alone. However, it is not enough for these groups to sim-
ply co-mingle. Amazing accomplishments are made when ways are devised to
harness the network and subsequently create and harvest value from its nodes.
To this end, it is necessary to note that the organizations in this figure are divid-
ed into two main categories: for profit institutions, such as Boeing Business Jets,
United Airlines and Toray, and non-profit institutions, such as the Academy of
Athens, and the University of Washington.

At this point, a sweeping, but necessary generalization can be made about
these groups of institutions, depicted in Figure 10. The for-profit organizations
are historically more capable at performing the functions of business and
design. Consider the Boeing Commercial Airplane group, or Toray; these
industrial concerns have been innovating and designing new products since
their inception, and they have been turning a profit while doing so. Clearly
demonstrating that business and design are effectively their core competencies.
The non-profit organizations, on the other hand, are historically more capable
at performing the functions of education and research. Here at the Academy of
Athens, an innumerable amount of people have been educated and research in
a most diverse range of fields has been performed for literally centuries. The
BEDR Organization serves as a portal for bringing together the business and
design strengths of the for-profit organizations and the education and research
strengths of the non-profit organizations. Through these interactions, these
organizations grow tremendously in breadth of knowledge as for-profit organi-
zations are stretched with education and research challenges and non-profit
organizations are stretched with business and design challenges.

An example of one such team that forced all parties involved to form a sound
team, and grow together was a collaboration between the University of Washing-
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ton, Bowne Internet Solutions, Boeing Business Jets and Editoriale Domus. In
this project, a global competition was launched, challenging design firms across
the globe to submit suggestions for revolutionary interiors in a Boeing Business
Jet. In this competition, 9 judges from 7 different countries examined 180
entries form across the globe. After down-selecting to the best 39 entries, the
committee chose the 5 best, which were awarded a total of US$45,000, and a
publication announcing the winners was published in august of 2000, the cover
of which is shown in Figure 11. This team was able to demonstrate the ability of
this BEDR Organization to stretch beyond the boundaries of the University as a
launching point for technical innovation, and show that this same environment
could be used for design innovations.

The most recent endeavors of this teaming oriented organization have
reached beyond the realm of the airline industry and into the medical field. In
my most recent workshop, held at the University of Washington in early
February, I challenged the class to create a new adhesive material capable of
arresting intense bleeding from the tailbone, which can occur during a poorly
executed colonectomy. Through the course of the workshop, it was shown that
the airline and medical industries actually share many similarities as shown in
Figure 12. Most importantly, the process for introducing new materials onto an
airplane are similar to the process required for introducing a new drug or med-
ical device for use in the public. Both processes are constantly working with reg-
ulatory agencies to produce the safest, most effective and cost effective solutions
for the public.

I cannot stress enough the importance of the process, in this day and age
when researchers and businesses are tending to focus so narrowly on the cus-
tomer and product. As shown in the value base of my double trinity of leader-
ship in Figure 13, one must, at the very least, place an equal focus on the
process, customer and product. The above analogy between the aviation and
medical industries points directly to the need for continued academic concen-
tration on processes in general. To this end I have recently been asked to sit on
the advisory board of a new non-profit organization in France called the Process
Administration Institute (P.A.I.); the newest node in the BEDR Organization’s
global group network. This organization has been chartered to understand and
improve the efficiency of processes, regardless of the industry, product or cus-
tomer the process is associated with. In the future, teaming will continue to play
a dominant role in the development of both for-profit and non-profit organiza-
tions, and this can be most effectively accomplished in an environment that
remains equally focused on business, education, design and research.
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‘H &&ehEn 7ob "Opyaviopot « Emiyerprioewy, "Exnaideuang, Zyedaopot xai “Epeuvag»
(BEDR) péoa amo miv avamtuby &vog mayndspou Suetiou

2 wia amo i TpdTeg pou Epyaateg Tepteypado TO AEPOTAAVO GAY Eva €GO TOU
pEPVEL ToUG avBpOTOUS TIO XOVTA Yia TEYVOAGYIR0UG, EXTOUSEUTINOUS Kotk XOLVWVIXOUG
axonoug. H apymen opada épyastiag, mow neprehdpbave épyalopevous Trc Boeing
Commercial Airplane Group, 7 lanwwixne ynpxne Gopnyaviag Toray xal pehn
70U Polymeric Composites Laboratory 70U University of Washington, oénynse
TTNY CNULOUPYIS KATATHEVATTIADY GTOLYEILY 1o aUvBeTa UAXA oY YpNaULonoLoiy-
T GTAEQA TTTY AEGOVAUTINYIRT] Gropmyavict, GAAG %ol GTY) GUVEYIGT] TAV ETap®Y %ol
TG CUVERYATIAG TAV EAGY (G XU TIG KEPEG PAG.

‘H &pyasta pou, éxtog amd Tl Teyvohoyixés xawvoTowies mou TeptAabavet,
eomaleTar xal oTig Sadixastes oL dmartoUvton Y Spdar), o€ avtifeam pe To TEotoV,
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gav amotéhespa ThG Spaong, peésa ano T pebodohoyia Tou mpEmer va EqapmoleTo
Y Ty ebpulpn Aertoupyla ag Opadag.

Bagiro sroryeio tov Sdnactov mag opadas amotehel N eumetpnn wabnan xal
apol xal T TEAeuTaln ATOTEAEL GTOYED TG opadas Apyoa va meipapatilopa
sloayoviag Ty o€ xafe opada pe TNy omola Epyalopouy. "AnoTehespa alTig TG
TposeyYiane Nray N eEENEn tic Swdixaciag T Exmaileuong amo THY Khague
exmoudeutint) SpaaTNptoTNTA GTNY ElTetpt) palinay Tou EumAéxet deg aoyohes Yia
o ek g opadag eite adTa eivon xafynTés, eite TMoUdRaTEG, ETRL AT TIY XOWT)
opadien Spaan. [apaddnha ot opades, avil va ETXONWVODY 7 (Wa € TAV GAAT,
EUTAEXOVTOL TOUTOYLOVAL GE EQYATLES TIOU TOUG ETULTEETIOUY V& AVTAANAGGOUY TTATR0-
Qopies ol IBEEC UE AMOTENETUA TNV AUENGT TNG TURRETOYTS XAk THG ETIXOWMVING
rafwe xal TN GehTioon ToU YVwaTixol emimedou ol xabe perovg. H xhpaxmeor
(scaling, m.y. &no 10 EpyacTtnoo GTig Emiyetpnoels) alTie TG Sdixasiag AmoTe-
helton amo Eva TEPIOAAAOY GUVERYAGIAG Xl AVTAYWVIGOU, ETEPOYEVEG (WG TPOG TaL
EAT Tou xal Toyroouag epbeeas. [apaderypa egapuoyie Tie véag Sadinasiog éx-
Taideuane evor to pafnua oyediaauot o Siddonw oo University of Washington,
670U e Opada CTIOUSUTTAY, GE GUVERYTIA PE ETUOYYEAMATIES 1)) AVIROUG, XATAPERE
WETOL GE Eval TOND [MXPO YPOVIXO SIOGTTA VO KATOGEUATEL EVOL AOUTEO AVaXu-
#hoUPevoy UBaTOS TOU YPMOUROTIOLELTOL TTAEOV GTIO TV AEQOVAUTINYIXY] Gropnyovia., X&
éva qupmoato mou Gpyavwoa Ty avoEn tou 1999 pe Oépa ) ouveylopevn éx-
Tueuan EYIvE GapES Ot 1) ETITUYIA TTG Opadag ogethotay ot Sdinactia ToU e Tiale
<" amoteAéoparta g € loou aTig ETUYEPNTELS, GTTY EXTIAICEUST], TTO TYENATUO *at
v épeuva (Business, Education, Design, Research).

‘O BEDR 6agtabnxe otic cuvduaopeves apygs tv HS (Set in place, Sort,
Standardize, Sustain, Shine) xat ¢ Oewptag t@v 6 otypa. Me Gaom toug av-
fBommoug, Tov eBomhiopo xat Ta EpeuvnTina TpoYpappata, o Polymeric Composites
Laboratory tou University of Washington anedeife pe émruylo 67t %ol ot duo
QrAOTOQIEG UTIOPOUY V& EQAEROGTODY GE 1] XEPCOTXOTIXOUS Opyaviapols. " Eva amo
Ta TO onavTixa otoryeie o0 BEDR eivor 97t dmoteAeiton dmo éva mayxdopo
Sixtuo dpyaviapav (xepdooxomxdv xal umn) xal avbpwnwy, ot omotot, cuvduasuévor
GE OUASES, TI0PODY VA ETLTUYOLY TOAY TEptaahTepa amo 6,7t Ba wmopoloe Eeywptata
0 xabevac.

Oa mpemer TEAOG VA ToWGTEL 1) GNuAsi THG OSIXATIAG GTIS GUYYPOVES
SeasTNEIoTNTES, T OOl AVEEAETNTA GO T Glopmyavia ATOTEREL 6ATIXG GTOUYEW
GAWY TV OPYAVITUDY, GE GUVOURTIG (E TOV TTEAATY Xal To Teolov, xal Da mpemer va
xaravon0el xal vo eEehyfel mapaAnha pe TNy opadier Epyacia péoa GE Eva
Teptbalhov oL EoTialet Tic mposTadees Tou GG ETYEPNTELS, TTY EXTAUSEUaT), GTO
TYESATUO Ko GTNY EPEUVAL.
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Figure 1: Composite applications in the wing of the Boeing 777.
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Telme ..........00...... I will forget;
Showme ............. 1 will remember;
Involveme ........... I will understand,;

Figure 2: Confucian description of experiential learning.

Figure 3: AutoCAD designs representing the evolution of the Boeing 737 cockpit.
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Figure 5: Recirculating shower prototype and schematic.
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58S + 6s as a Foundation of BEDR

Business Education DeFign and Research

For -Profit
Non-Profit
CO-WORK

i

S+60

SET-IN-PLACE
SHINE

ISTAND:

Equipment Project

Figure 6: Temple schematic of the foundation of the Business Education Design and Research
(BEDR) Organization.
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Figure 7: Generalized template for the double trinity methodology.
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Figure 8: Double Trinity of 5S+60
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Figure 9: Virtual cross section of the global group network supporting the BEDR Organization.
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Figure 10: Schematic of for-profit and non-profit relationship in the BEDR Organization.
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Figure 11: Coversheet from the winning announcements of the Domus BB]
Interior design competition.
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Figure 12: Similarities between the airline and medical fields.
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Specialization Product Process
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Skills Principles Improvements Standards

Education Base
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SPECIALIZATION
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PROCESS

TEAMING
CONCEPT
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COMMUNICATION VALUE PSYCHO-SOCIALIZATION
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Figure 13: Double trinity of leadership.




