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ABSTRACT

An innovative and interactive educational process is being developed at the University of
Washington in engineering classes using newly devised learning strategies from industry and acade-
mia combined with a unique teaching approach: integrated teams. The teams have evolved in such a
way that they currently consist of professors and industry leaders as integrators and catalysts; senior
graduate students and field specialists as facilitators; and full and part time students with diverse expe-
riences and backgrounds as students. They are fused together through experiential learning and pro-
jects in which all are stakeholders and have a chance to influence its outcomes in real time.

This non-traditional approach, based on “complete and collaborate” learning principles, creates
a dynamic learning environment by incorporating teaming concepts into teaching, learning, and
facilitation. The evolving methodology of this alternative has been applied in several undergraduate
and graduate chemical engineering classes, placing emphasis on solving engineering and business
problems through teamwork — a necessary skill for succeeding in today’s workplace. The achieve-
ments of this new approach were; 1) increased student participation in the overall process, promot-
ing a better retention of information; 2) more efficient and rapid learning of the fundamental course
material; and 3) increased breadth of learning on related subject matter. The framework for this
educational experience was inspired by the teaming concept system integration used by the Boeing
company during the design and implementation of the Boeing 777 airplane. The current University
learning processes were developed at the Polymeric Composites Laboratory, at University of
Washington Department of Chemical engineering where they were used in conjunction with expe-
riential learning to enhance both the speed and efficiency of education.
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1. Introduction

Industry is in a time of change. Technology and innovation have broadened
the scope and talent needed by today’s work force to deal with the increasingly
fast pace of the business world [1-3]. The Polymeric Composites Laboratory
located at the University of Washington has developed a network of elements
that, when combined, teach and guide its students to simultaneously hone their
technical skills, business, and communication. Other engineering education
institutions across the country have developed similar guidelines. To effectuate
a focus on teamwork, professors have turned to cooperative learning ideas and
techniques. These ideas have already been successfully incorporated into pri-
mary and secondary education, and in some cases, college-level engineering
classes [3, 4]. However, at the college level, most attempts to incorporate coop-
erative learning theory have been limited to small group experiments involving
highly structured problem solving activities where individual performance is
still valued more than total team performance. In contrast, the methodology
presented here combines the concepts of cooperative learning and teaming to
create a broader and more complete spectrum of knowledge and education. In
order for students to be prepared for dealing with real-world industry prob-
lems, our methodology harnesses the “love-hate” relationship that is the stan-
dard practice in business used today as “compete and collaborate”. Team mem-
bers must compete against each other for individual recognition, but they must
also collaborate to form an effective team that will ultimately put forth a prod-
uct. From this idea comes the composite word “co-opetition,” which is the root
of our teaming philosophy.

This alternative methodology was developed and initially implemented in
undergraduate and graduate chemical engineering courses. The information
presented in the body of this work is based primarily on observations and feed-
back from the past seven years of experiential teaming classes. These classes had
previously been taught in a traditional fashion for over ten years, thus provid-
ing an ideal database on which to build and expand teaching and learning con-
cepts through teaming. This alternative teaching methodology has also been
applied to Team Certificate Program classes, which tie in real-time projects with
industry in a co-opetive learning environment.
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2. Background and Theory
Methodology

Changes made by Boeing to traditional airplane design and manufacturing
processes implemented for the 777 airplane had a significant influence on the
development of our alternative methodology. Boeing’s new tactics proved to be
very successful in improving the efficiency of airplane design and contruction.
The new approaches most responsible for the improved design efficiencies were
1) involving the custumer and the suppliers in the design, and 2) implementing
“concurrent design”.

When Boeing began to ask for the customers and the suppliers input at the
start of the design process, the resulting end product proved to be exactly what
both wanted. This new philosophy created greater understanding of the design
process for everyone involved. The teamwork on the Boeing 777 airplane focus-
ed on understanding the relationships between the product, process, supplier,
and customer. In academia, students are regarded as the product of their acad-
emic institution, having emerged with knowledge obtained from their academic
experience there. However, students regard themeselves as the institution’s cus-
tomers, since they are soliciting and commissioning for the establishment’s ser-
vices to gain greater knowledge in a certain field. By considering the student as
both the product and the ultimate customer of the acedemic institution, in-
creased attention is paid to the process of learning as a means to satisfy the cus-
tomer and to put forth an exemplary product. In this sense, both the student
and the institution view the professor as the supplier.

“Concurrent design” means having the specialists from all the relevant
departments in the same room at the same time deciding on the design togeth-
er. At Boeing, traditionally the “Structures” department would design the air-
plane and then send it over to “Systems”, which would do its part and return it
to “Structures” for modifications [5]. The design would be sent back and forth
several times, each time with detailed drawings, and these drawings would be
revised on numerous occasions. In contrast, “concurrent design” was imple-
mented in every aspect of the designing and building of the 777 airplane.
Boeing’s Design-To-Build teams were successful because of their heterogeneity
and because they required normally competitive departments such as
Manufacturing and Engineering or Structures and Systems to work in a closely
collaborative environment. In addition, literally thousands of changes were
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made in the way the 777 airplane was built because the customers, suppliers and
other stakeholders finally were asked what they wanted. To be sure, this was not
the amicable process that is usually described in a cooperative learning environ-
ment. During the creation of the 777, departments vied for limited resources
and had to justify their existence in the program on a competitive basis. How-
ever, the focus on the customer forced an unprecedented collaboration between
the departments in a working environment that went beyond the traditional
norms. This is what defined the “co-opetive” process concept derived from the
notion of simultaneous competition and collaboration between organizations [6].
In academia, this process has created a competitive environment without sacri-
ficing the ability of the environment to reward the excellence or express the
incompetence of an individual, brought various departments and experts
together to complete projects.

The above process has greatly influenced the development of our co-opetive
team education methodology. Instead of attempting to guess the interests and level
of knowledge of the students (customers) and lecturing at that level in the tradi-
tional academic approach, our methodology allows students to determine what
they want and need to know, thereby increasing the breadth and depth of the edu-
cational experience. Students are actively encouraged to work together on solving
the same homework problems, to experiment in the lab together, and to take tests
together. However, individual assessment is still necessary, as it is within teams in
industry, to gauge each person’s abilities and provide appropriate rewards. This
creates a true “compete and collaborate” environment: as individuals, students

compete for the best grade, but as a team they collaborate to achieve the best results.
3. Concepts of Leadership, Learning, and Intellectual Challenge

This new era is phasing out the old and bringing in the new. The tradition-
al ways of teaching engineering have become outdated as industry has evolved.
Educators have realized that there are various types of qualities that an engineer
must possess in order to be able to compete and thrive in today’s market. While
there is still the demand for the dense technical knowledge as in traditional engi-
neering, there is also an urgent need to learn communication skills and the fun-
damentals of the business/social system. In both industry and academia how an
employer or a professor challenges and educates employees or students will ulti-
mately determine their learning and productivity [7]. The following models
were employed to develop the co-opetive team-education methodology.
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4. Trinity Model

Robert W. Keidel has established a Trinity model that encompasses aspects of
Autonomy, Cooperation, and Control in a universal fashion [8]. We used a similar
idea to create the double trinity Concept in 1986, which was based on concepts used
in the development of polymeric composites to describe the relationship between
sciences and economics. This idea was adapted to develop and characterize co-
opetive team education, both on a cultural and personal level as shown in Figure 1
[9]. The “Personal Development” Trinity is composed of Communication,
Specialization, and Psycho-Socialization. The trinity describes the process of per-
sonal development in everyday life as applied to both industry and education. For
example, students in the same specialty are able to communicate effectively in prob-
lem solving because they have ultimately learned the same principles. A group of
students from different disciplines have more difficulty communicating and there-
fore working together in student teams. This real-life situation results in introduc-
ing “psycho-socialization” into the classroom. Psychosocialization may be a result of
cultural and personality differences. The Meyer’s-Briggs Personality Type
Indicator (MBTT) was used to select the mix of students to be gathered together in
learning teams. A well-rounded variety of personalities increases a team’s produc-
tivity because it can help remove the roadblocks barring communication; although
it certainly remains true that the skills required to overcome communication diffi-
culties take time to develop under even the best circumstances.

This “Personal Development” Trinity is joined with the aforementioned ide-
ology of business culture containing a Product, Process, and Customer as shown
in Figure 2 to create our Double Trinity of Leadership seen in Figure 3. This
“cultural” aspect of teaming, as it combines a value base with education, allows
each individual to bring his or her particular skills and expertise into a group
environment and obtain desirable results as a team.

Psycho-Socialization Applied to Teaming

In developing this methodology and the different iterations of the classes,
great sensitivity is required of the professor both as a leader and as a teacher. A
key concept in the development of this methodology is the belief that the more
the professor/teacher/leader leads, the greater the tendency for people to follow
instead of thinking critically on their own. This concept is hard to implement
because leaders have been taught to lead strongly and others have been taught
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to follow so the success is highly dependent on each individual’s personality. It
is always more difficult to facilitate education when the first step has to be
“unlearning” something before a new concept can be learned, such as leadership
skills. The goal is to empower people to be able to think critically on their own
so that their minds are free from being the “follower” and for them to become
equal, but different, contributors [10-12].

Another pertinent goal of this process is to transform the professor from an
instructor to a catalyst. In a chemical reaction, the catalyst substance aids the
reaction but does not take part in it. In the same fashion, the professor in a team-
ing environment must facilitate the students’ learning process without taking
part in shaping it; students must take charge of their learning experience.

Flow Model

In his book Flow: The Psychology of Optimal Experience, Csikszentmihalyi describes
a process of learning new skills in relationship to the challenges we face and how
that relationship influences our level of motivation. Csikszentmihalyi’s psycho-
logical “flow” is of optimal learning, when the person is neither anxious nor
bored as shown in Figure 4 [13]. In the classroom, when challenges for students
exceed their skill level (for example, if the students are learning new funda-
mentals or communicating with students from different areas of study), anxiety
results. As the model suggests, students who already understand the theory
being taught or who have developed skills with no place to apply them, as in the
traditional “lecture and repeat” classroom, will quickly become bored. In an
environment where students direct the learning process, as in a “hands-on” lab-
oratory, challenges increase to meet the student’s level of skill and theoretical
understanding, putting he or she back into an optimal learning area, the “flow”.
As students proceed with the tasks, they may encounter obstacles that require
more knowledge than they possess to overcome, thus putting the students back
into the anxiety region. With the acquisition of sufficient additional skills, stu-
dents re-enter the flow area where optimal learning occurs.

5. Life-Long Learning Concept
The life-long learning concept stems from Csikszentmihalyi’s Flow Model

and pertains to experiential learning. It is graphically displayed in Figure 5, in
the same fashion as the Flow Model and incorporates our concept of Life-Long
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Learning. In a teaming environment, the same problems of anxiety and boredom
can arise. For example, if a student is given too much fundamental knowledge
without sufficient training, he or she will become anxious. In contrast, if the stu-
dent is given an excessive amount of training and no additional fundamental
knowledge, he or she quickly becomes bored. It is this delicate balance of princi-
ples and skills that is essential for the student to be within the “flow” of Life-Long
Learning. If students from different disciplines or backgrounds attempt to com-
municate, the differences in their fundamental sets of principles can create anxi-
ety; but the necessary skills for successful interpersonal relations and the knowl-
edge of the rudiments of other disciplines can be learned through training.
Training can take many forms, such as on-the-job training, short courses, and
college laboratory courses. It is this balance of fundamentals and practice that is
essential for life-long learning. Also essential to the co-opetive team education
methodology is a balance of persons from industry and from various related dis-
ciplines in order for individuals to be able to work together as productive mem-
bers of society. By providing individuals with the fundamentals from various areas
in engineering, business, etc., and also the skills needed to uphold this knowledge,
a constant learning process is introduced that evolves to produce valuable traits.

6. The PARTS Game Theory

“To find a way of bringing together competition and cooperation, we turn
to game theory”, Adam M. Brandenburger and Barry J. Nalebuff state in their
book Co-opetition. They claim that “game theory focuses directly on the most
pressing issue of all: finding the right strategies and making the right decisions.”
Thus they invented a scaling device to measure game theory-P.A.R.T.S. this
acronym represents the Players of the game, the Added values they bring to the
game, the Rules of the game, the Tactics, and the Scope [6].

We have adapted and incorporated Brandenburger and Nalebuff’s philoso-
phy into our teaming methodology. We use the acronym P.A.R.T.S., but instead
of Scope we include the Strategy of each team. It is important to consider these
five aspects of game theory in teaming because each one determines the shape and
direction of the class. A simple example of this is changing the Rules; if the guide-
lines of the class or project are changed, the outcome will ultimately deviate from
its initial counterpart. Similarly, if the Tactics employed by a team are suddenly
altered, the product may change. Each modification of an aspect of P.A.R.T.S.
triggers a change in the way the methodology is implemented in the classroom.
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7. The Various Classroom Teaming Scenarios

Perhaps the most drastic change when dealing with P.A.R.T.S. is when the
players’ Roles are rearranged. Over the past few years a number of different sce-
narios have been implemented in the quest for the best combination of profes-
sor, graduate student, and undergraduate student involvement'*. The rethink-
ing of players’ Roles has defined the way the teaching methods have evolved as
shown in scenario’s 1-5 in Figure 6.

Scenario 1 shows the relationship in a traditional classroom, where the pro-
fessor 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 assistant —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 stu-
dents and the teaching assistants learn only about what the professor chooses to
lecture and the material he or she passes on.

Scenario 2 represents the first attempt to change the traditional way the
classroom was run in Scenario 1. The new format consisted of student learning
teams, student facilitating teams comprised of senior graduate students, and
professor/expert teams, the latter provided 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 facili-
tating teams and the professor/expert teams spent about the same amount of
time assisting the learning teams. Students were largely encouraged to deter-
mine what they wanted to learn in addition to the fundamental material of the
course. The resulting 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 deter-
mined that a communication gap existed between the student facilitating teams
and the professor/expert teams, which did not provide adequate structure for
technical education. The following scenario was created to form a more struc-
tured base for teaming classes.

Scenario 3. This scenario, modified by the professor/expert team, was
designed so that the student facilitating teams could manage the class for the
quarter, assigning reading, 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.
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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 [15, 16].

Scenario 4. A more balanced learning environment evolved from Scenario
3. Class structure was strengthened while maintaining a customer (student) dri-
ven learning environment in a team atmosphere. This was accomplished by pro-
viding equal interaction —whether during class time or outside of the classroom—
between student learning teams, the professor/expert team, and graduate stu-
dent facilitating teams. The educational process proceeded in a more methodi-
cal manner, increasing the students’ learning and the efficiency of all the facili-
tation involved.

Scenario 5. The last scenario included the positive attributes of scenarios 1
through 4 and added an aspect of experiential learning. In addition to attend-
ing class sessions, students worked in teams on real-time projects designed to
strengthen their active participation in the learning process. Through their pro-
ject 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 disciplines were brought in from
majors such as Business 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 pro-
fessor/expert team became increasingly more of a catalyst rather than the omni-
scient educators; the team’s job was to guide and facilitate the learning process
and not to dictate its outcome.

Scenarios in Figure 6 also included a vital aspect of interaction between
teams. Instead of each team interacting with another team, all teams could now
associate together at the same time through projects, sharing background infor-
mation, 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 know-
ledge. The scaling for this process —and for teaming in general- is in the form of
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a trinity. It is comprised of Co-opetition as defined by the acronym P.A.R.T.S;
heterogeneity, which is enforced and insured by the Meyers-Briggs Personality
Type Indicator Test; and Globalization achieved by forming a body of students
with diverse backgrounds and knowledge. Thus our methodology embodies the
fundamental principles of creating a successful teaming endeavor in order to
better prepare students for competition and collaboration in the real world.

8. Application of Co-opetive Team Education Theory

Implementation. There has been a growing concern from industry that
engineering graduates and graduate students are coming out of school without
the skills necessary to succeed in the modern workplace [3, 17]. They lack a suf-
ficiently broad knowledge base and many have poorly developed communica-
tion and teamwork skills. To develop students who are more marketable, a class
that shares many elements with the industrial workplace was designed. The fol-
lowing framework provides the basis for redesigning the course.

® Students are considered not only as the product but also as the customer

of the learning process.

® Students work in teams.

® Students are held accountable for their learning.

® Students are to teach their peers.

® Students should design their own learning process in addition to learning

the fundamentals of the class.

Developing the Student Groups. Team sizes varied from five to nine mem-
bers, and the number of teams per class varied due to total enrollment. To
accommodate differing personalities, the Meyers-Briggs’ personality type indi-
cator test was completed by each individual and groups were arranged accord-
ingly. Primarily this test was used to determine rankings on an introvert/extro-
vert scale, and based on those rankings, students were put into groups so that
no one type dominated. Additionally, some instruction was given regarding the
application of knowing how to work with one another [18].

Class Facilitation. Classes were facilitated collectively by senior graduate stu-
dents, professors, and industry experts. A team of experts in the community,
together with the professor, facilitated the specific direction of the course.
Currently, the curriculum contains class work that includes both engineering
and business courses taught in tandem every quarter. Each contains a series of
lectures from industry representatives and from the students. This format allows
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both disciplines to be taught in such a way that they are tied together, which col-
lectively adds to the breadth of the overall educational experience. Students are
able to receive in-depth material on both subjects in an efficient, fast-paced, and
innovative environment.

During the quarter, graduate student teams were selected to help facilitate
the class. They were responsible for providing the material to be read before
each class session, determining laboratory projects, constructing the collabora-
tive assignments, and designing and grading the tests. For example, the facili-
tating team working with the advanced polymeric composites class selected sev-
eral graduate students and experts in the community to present lectures and
lead discussions.

One benefit of this approach is that several levels of learning occur within the
facilitating/teaching teams. The facilitating students must master their material in
order to effectively present their lectures and field the teams’ questions. On anoth-
er level, having to work smoothly within the presenting team makes these students
aware of the importance of good team skills. Facilitating students receive credit
and instruction on teaming as part of their education outside the classroom.

Homework and Projects. Throughout the development of the curriculum,
the five main elements of cooperative learning form the basis for the homework
and group projects. Students are given assigned readings and individual quizzes
as in a traditional class; however, these quizzes were given over the Internet and
were taken on a student’s own time. This accounts for part of the students’ indi-
vidual portion of their grade. This individual portion is weighted as fifty per
cent of a student’s final grade, with the team grade comprising the other half.
Tests are commonly given in groups where the students depend on each other
to collectively and successfully complete the exam.

The projects assigned, determined by the professor/expert team, vary from
class to class, and they are not the typical projects to which most students are
accustomed. These are hands-on, real-time projects that industry has intro-
duced or that the professors/experts have developed. Historically, a roadblock in
assigning group projects has been that teams tend to break off in parts, do the
work independently, then put their ideas together [19-21]. To overcome this,
the facilitators have designed projects that require the skills of each team mem-
ber. Thus, students get to participate in a group project where there is the feel
of a real job, with deadlines, stakes, and individual responsibilities. Group lead-
ers are chosen and are responsible for the group as a whole. Although this indi-
vidual is in charge of the group, all the members of the team must decide how
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to break the project up, assign tasks, make deadlines, etc. In effect, this aids in
the development of the students’ individual and teamwork skills.

In order to summarize and evaluate how the teams work together, as well as
to evaluate technical proficiency, a collective report and presentation are
required. This collaborative effort creates strong interdependence of the student
team members by compelling them to research and develop an original propos-
al and to write and present a report together.

Performance Assessment/Grading. In school, just as in industry, rewarding
the work of a team as a whole versus individually is a difficult process [19, 20, 22].
To embrace the philosophy of co-opetive learning and to achieve the course goals,
equal emphasis of the individual score is placed on the team grade for a majority
of the examinations. This fosters a sense of interdependence that requires the stu-
dents who are strong in some subjects to work with those needing help. In these
classes a number of different testing techniques are used. For example:

® The tests given ask broad questions that require the strengths of all the

team members, and only one grade is assigned to the team as a whole.

® Quizzes or tests are given individually, then averaged into a team grade.

¢ Individual tests and quizzes taken by each student are used to determine

individual levels of understanding.

® Individual tests are given where a team score is an average of individual

members’ scores, and a student’s final individual grade is a weighted com-
bination of his or her score and the team’s score.

At the beginning of most classes, students were uncomfortable with the team
testing techniques, having previously only taken individual tests during their
education. However, they found that as the quarter progressed, the team tests
allowed them to be more relaxed and focused. Students discovered that through
sharing their ideas with their team, they were able to build on each others’ ideas
and finish the tests in less time and with better results. In fact, toward the end of
the quarter, when faced with an individual quiz, they felt anxious knowing they
didn’t have the support of their teammates.

Scores for the individual tests varied only fifteen percent from the mean.
This may be due to the fact that the students worked so closely with one anoth-
er through the quarter doing collaborative homework and group projects. This
was contrary to previous averages from the last ten years involving the tradi-
tional “lecture and repeat” teaching method. On individual/team tests the aver-
age scores were even closer because team members tutored each other to attain
the highest possible average grade.
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9. Observations

About the Curriculum. One of the most notable successes of these classes is
the speed at which material is covered. For example, the fundamental material in
the class “solid state materials and chemical processes”, which normally takes ten
weeks to cover, took only six weeks. This acceleration is primarily due to the moti-
vation level of the students [14]. Through the homework and the assigned read-
ing it is possible for the students to realize what they know and what they do not.
Therefore, class time is spent only on material the students do not understand,
leaving ample scheduling for discussion. However, covering the material quickly
in these classes is only possible by ensuring that the students are motivated to
thoroughly read the material outside of class. For the students to direct the course
of the learning process it is necessary that they read and recognize their level of
understanding of the material before moving on [23, 24]. In addition, quizzes
and homework are given via the Internet, so these pastimes do not occupy class
time. This also facilitates the ability to have a global classroom where students may
come from or be in different countries and still take the course.

Some difficulties can arise during the experiential learning process as well.
It is noted that the essential desire to work as a team is not always present, and
that the final outcome can be less than satisfactory if the members of a team do
not interact well. In addition to this, the team’s speed and efficiency are some-
times dependent on its slowest member. On an individual basis, when students
are not motivated to do the independent background reading and other prepa-
rations, the class does not proceed as smoothly. As these negative aspects surface,
however, the underlying idea of the students being responsible for their own
learning is reiterated and reinforced. This concept is of utmost importance in
order for the class to function as a useful educational resource.

In evaluating the course, students often point out that there is greater satis-
faction in learning what they want to know rather than what they are dictated to
learn; instead of the traditional method of opening the students’ brains and
dumping in information, the students feel fulfilled and involved by thinking
about the material, discussing it, and digesting it in an interactive learning envi-
ronment. Students have also commented that both the breadth and depth of
their learnig is greater; and because of their hands-on experiences, their moti-
vation level increases, which directly affects the length of time they retain the

information.
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About the Student Teaming Process

® Teaming takes time. It is unrealistic to expect effective teaming behavior
from a group of people unless the group is given some education about
the teaming process and an appropriate amount of time to come togeth-
er. It is not sufficient for teams to meet 50 minutes on a Monday, Wednes-
day, Friday basis. In order for co-opetive learning to subsist, there must be
intense, continuous interaction between team members and feedback
from the facilitating teams. For this reason, teams often meet once a week
for three hours to insure optimal productivity. However, we now have
experimented with teams meeting one week countinuously from nine to
five -homework and quizzes still administrated over the Internet— and we
have found it promotes efficiency*.

® A greater amount of collaborative work leads to the success of a team.

The more closely and often a team works together, the more likely it will
succeed.
® Becoming personally comfortable with teammates in necessary for suc-
cess. If a team of students is asked to learn together, the students must be
given structured time before the project to start working and feeling like
a team.

® It is imperative to understand the educational background of team mem-
bers. Differences in previous education and curriculum affect significant-
ly the dynamics of learning in teams. Furthermore, understanding the
strengths and weaknesses of each individual allows for more efficient
teaming and, therefore, learning.

® Differences in work and learning styles affect outcomes. Personality dif-

ferences affect the dynamics and sucess of teams far more than is general-
ly believed?. Small workshops on interpersonal skills can increase the
awareness of differences and prevent problems by encouraging conversa-
tions about dealing with differences between students.

About the Facilitation. The graduate engineering students, i.e. the student
facilitating teams, are responsible for responding to or developing resources that
answer the questions brought up in class. This requires the facilitators to master
the material and present it effectively. Because of their active role in creating

* These new developments will be reported in an upcoming publication.
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these classes, facilitators’ observations will continue to influence the development
of future courses.

This approach has changed the nature of the work required from the pro-
fessor. Since the questions that arise in class can originate from anywhere along
the spectrum of materials and ideas, the professor as well as the facilitators often
end up learning just as much as the students.

10. Conclusions

Combining the ideas of co-opetive learning and teaming concepts in a ratio-
nal and applicable fashion has been a challenging process for all those involved.
The co-opetive team education methodology is still under development. This
system has been applied to both undergraduate and graduate classes and is an
evolving process, changing from quarter to quarter and year to year. Ultimately
the learning and facilitation techniques derived from this methodology can be
appllied at all levels of education to better prepare learners of all ages with the

skills needed in today’s socio-economic environment.
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IIEPIAHYH

*Exnatdevom xod pabnen opadwy ot Tepibddhov GvTtaywwapkol xai cuvepyadiag: Eva véo
Tapaderypa Yo AVOTaTY ExmaideuaT

Mia xawvotopos i Stadpaatiny exmardeutint) uébodog ebehigoetar oo Ilavem-
gt g Oddayxtov oo Tpua t@v Myyavicdv. Xenauonoter veeg éxnondeutt-
REC TTPUTIYIREG BT TV GLOWTYavioL %otk TOV SRASTIAXG YDPO TE TUVEUATIAO e (Klat
wovadinn éxmadeuTing mposEyYon, Tig avopotoyevels opades. Ot ouadeg Svuoup-
YoUvTow e TéTotov TEOTo o of xalNyNTES %ol oL EXTROTWTOL TN BlopNyaviag Aet-
TOUPYOUY GaY XATANITES GTNY OUASH, Of ETATTUYLOXOL POLTNTEG Kol Of EEEISineupevoL
EMTTNUOVEG (G BPWYOL Xl O GOLTNTEG UE TG SLAPOPETIXEG XATABONEG KAl EUTELDLES
be pabnrtéc. Mabaivouv vo Aertoupyolyv ¢ opado pesa amo Try Sudeasia Thg
SUTEIITIC YVOTTE %ol TV EPYATLEY, GTIOU GAOL 0L GUUUETEYOVTES EY0UV TNV Suva-
TOTNTAL VoL ETNPEATOUY TO TEARO ATOTEAETAAL GE TEAYIATIXG YPOVO.

Adty M véa Exmaueutint) TPosEYYISY, TOU OTNILETARL GTNV GEYY) TOU
TAUTOYEOVOY GVTAYOVITIOU Xol GUVERYASIas OnuloupYel Eva Suvaxo pabnaiaxo
meptbalhov epapuolovtag Tic GpYES AeLToupYlag TOV OuxSwy GTOUG TEOTOUS
Saonalac xat amoxtnang Yvosne. ‘H vea abrn pedodog Eyel Non Epapuostel ot
GpxeTes TpomTUYtaReS wal peTamTuytanes Takee Xy Muyavieav pe Eppac
GTIY EMIAUGT) JNoVAGY %ol EMUYERNPATINGDY TEOBNNUATOY RETEL B0 TNV ORada,
TE0oOY TI0U xpiveTar Gvoyxollo YIa TV ETITUYIA GTOV Y W0 EpYasiag, OmwG aUTog
SLAULOPPUVETAL TTRERAL.

Ot &mtuylee adthic Thg VEag TROGEYYITNG NTAY OTL:

o AlEAfnxe 1 ouppetoyn TGV QOITNT@Y GTNY OAN ExmouleuTint) Cudixasia

eEagpahlovTas (o ATOTEASTUATIXOTERT] AGOPOLDTT) TV TTANEOPOLLDY.

o AlEnfnxe 1) mowTNTA %ok 1) TayOTNTA GPOROIIGTS GO TOUG QOLTITES TGV

Bagteay sroryeiwy ToU pabnuatos.

® AwcupivBinne T0 QAP TGV YVWGEWY TOUS.

To mhaioto yi v cuyxexpyrévn exmoudeutinr) Eumepto Sobnxe amo TNy
vtk Tepl Aertoupyiag g opadag amo Ty etatpela Boeing xata Ty Suaprei
ayedlaane xal xatagxeutyc Tob degoaragous Boeing 777. “H magoisa dxadnuoinn
Sdiasia anoxTnang Yvoong faabe ywea oo  HBeyastnew Iohupeomv Yhxov
(Polymeric Composites Laboratory-PCL) t00 tprpatog Xnuxay Mryovxev o716
Havemarimo e Obaotyxtov, Grov yenowonombnxe ge cuvduasuo Pe TNy
AROXTNGY VYOI PETW TG TPOTWTIXTIG EUTERLOG TMY QOLTATAY YI& Y& EVGYUTEL
TauTOYpOVAL TNV TAYUTNTA AL Xal TNV ATOTEASGPATIXOTNTA TG EXTOUSEUTIXTG
Sradinasiog.
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