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Abstract

Faculty struggle to implement outcomes-based engineering education that is needed
to satisty ABET Engineering Criteria 2000 requirementsfor engineering programs.
This paper describes a two-step method for developing teams and communications
skills, and immediately exer cising those skillsin a practical introduction to the team
processusing a simple PET (polyethylene terephthalate) soda pop bottle developed
by the TIDEE (Transferable I ntegrated Design in Engineering Education) NSF
sponsor ed project. Clearly defined team roles and communication skillsare
introduced in a manner that allows a group of studentsto develop the synergy
needed for a successful team activity. Then a short design exer cise (using a well-
defined design process as a guide) isintroduced to facilitate a practical application
of both the design process and team and communication skills. The TIDEE
teaching/lear ning model links definable stepsin the design processto structured
team-based lear ning activities.

[. Introduction
A coalition of two & four year universities and industry collaborated, with NSF funding,

to develop meaningful curriculum and assess its' effectiveness. Different schools use the
material to fit their individual needs. The curriculum and assessments are easy to use,
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reliable and are a proven set of materials that provide a structure that develops clearly
defined outcomes and assesses how well course objects have been achieved.

TIDEE's (Transferable Integrated Design Engineering Education) curriculum model uses
highly structured activities, which can be used for any engineering design class. Students
not only learn what the components are within the engineering design process, but they
also learn how to effectively employ them using a variety of new techniques. The
curriculum effectively develops students teamwork and communication skills and they
learn how to develop and improve their team processes.

The TIDEE modd uses a three-step process, which needs to be repeated within an
introductory engineering design class. The first two steps create effective teams and
engage them in a highly structured short design process. The third step again uses a
highly structured design curriculum to more fully develop the student’ s design
capabilities. However, other design problems and processes that have been developed by
universities and colleges can also be effectively substituted for the third step.

The first two steps take about five hours of class time and provide students with a
rudimentary concept of the design process. They begin to develop fundamental tools on
how to apply each component of the engineering design process, improve their
communication skills, and develop a more focused and supportive team.

As noted before, this processis repeated later in the quarter by forming a second team to
develop their knowledge and skillsto a higher level of thinking and interacting. They
become much more adept at reflecting on the developmental process as they compare and
contrast their team experiences. It improves their ability to develop effective teamsin the
future.

Assessments clearly indicate that students significantly improve their abilities with each
team experience, where the second team experience is where they learn how to apply the
process rather than learning what the processis. For example in TIDEE self-assessments,
about seventy percent of the students indicate that they have made significant
improvement in developing each of the TIDEE competencies during the time when they
were with their first team. Surprisingly, the improvement increases to seventy-five
percent during the second team experience.

II. TheFirst Step

TIDEE has three different first-step curricula. All of these can be used to form any new
teams, not just for engineering design, and are interchangeable. It takes about two hours
of classto complete thisfirst step. All create and develop four to six member teams.
Teams of less than four can effectively solve or work on limited issues, but the size
restricts the diversity of input. It is easier to manage team that often doesn’t explore
enough possibilities. But, the major team functions, like recording the team process and
capturing the essence of the team’ sideas, are not completed. Their products are usually
not as creative as other teams.
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With too many students on a team a situation often devel ops where not everyone can be
as active as they would like to be and they aren’t able to express their ideas or contribute
asfully. There aren’t as many meaningful jobs, which provides a better opportunity for
social loafersto "hide" and not engage in the process or have meaningful contributions to
the team effort. These large teams generate many good ideas, but have more difficulty
making a decision or managing the team.

All three curricula begin the process with an icebreaker activity that creates an
atmosphere where students learn the strengths of other team members, barriers are broken
down and a more inclusive environment is created. The toneis set giving students
permission to use positive and reinforcing language that will more fully support team
efforts. All three develop team identity and synergy.

The first curriculum’s primary focus is understanding how roles affect teams. Students
are introduced to functional roles and eventually each student learns how to manage the
team, report team deliberations, record team activitiesin ateam journal, become a
checker of product, explorer of new ideas ("the one with crazy and wild ideas"), and to
publicly reflect on team process. They are also introduced to the Herrmann Four
Quadrant Learning Mode. They become aware of other team member’ s learning styles
and the impact that it has on creating more effective designs.

Team members also develop more effective communication skills and learn to be more
inclusive. They learn how to give reflector reports, which includes team strengths, team
improvements and insights to the process. All of these activities provide the foundation
for establishing goals and improving team performance. This results in students listening
to each other more effectively, which results in the students setting the bar to a higher
level of performance. Teams rise to these expectations and consequently improve their
team, communication and process skills.

For thefirst team, the instructor tries to create teams with diversity of learning styles, has
no gender and ethnic person isolated, and examines student schedules to find available
times for the team to meet outside class. Over the years we have found that very few
introductory students have a B Preference learning style in the Herrmann Model. Because
this person will provide organizational skillsto the team, it becomes imperative to assign
at least one student with this preference to each team.

This demographic information is collected during the first class meeting so that the
instructor can arrange the teams prior to the second class. Meeting these criteria provides
an atmosphere where every student begins the class at the same place even if "buddies’
are taking the class together.

After students have gained experience and confidence, subsequent teams can be selected
by the class members or by the instructor. When students select their second team, they
should be given the following criteria:

1. Check to seeif thereis a common meeting time outside class.
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2. Only two members from the previous team may be on the new team so that the
new team doesn’t bring with it a clique and overpower other new members.

It isinteresting to note that when students select their second team, they often ignore or
minimize these criteria and establish their primary selection criteria on the personality or
strengths of others. Lack of a common meeting time is often ignored, which sometimes
produces a conflict that severely affects the team effort until it is resolved. They devise
different methods to handle the issue such as keeping excellent notes and passing them
from one subgroup meeting to the next, developing a strong leader who coordinates all
activities and/or keeping in contact through E-mail. But these methods don’t supplant a
good face-to-face meeting when all members are present and can instantaneously build
on other’ sideas. However, even with these limitations, the curriculum supports team
development and process improvement and all teams experience the power of a quality
team.

The first curriculum has activities that include:

e "Two Truthsand aLie," where the team members must eventually determine two
common elements about their team and try to fool the other teams by disguising
their lie.

e "Rolesfor Effective Teams," where students accept arole, discuss previous
experience for performing that role, and prioriti ze the importance of
responsibilities within that role.

o "Creating a Team Symbol and Name," which gives the team an identity.

The curriculum develops positive and supportive language used in small group discussion
and especially when ateam member is communicating in one of the functional roles.
Activitiesinclude:

e "Killer and Igniter Phrases,”" where students learn the difference between
comments that kill the conversation and process and those that ignite the process.

« "Refining Sounds of Effective Teams," developsigniter phrases for team
members to use in each of the team roles.

The third curriculum addresses the issue of how to create more effective teams and how
to incorporate and include new membersinto ateam. Activitiesinclude:

e "Rolesand Responsibilities,” where the roles and responsibilities of teams are
investigated. Also after roles have been assigned, the teams discuss the
anticipated results of not being restricted to asingle role and allowing multiple
team members to perform different or multiple roles.

o "Strategiesfor Developing Effective Teams," where teams discuss a variety of
issues such as establishing trust and teamwork and hel ping your team work
through strife, gripes and group disagreements.
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"Integrating New People into the Group” analyzes how well they integrated a new
person into their team when members had been snatched from their team and
another invited to join while they were engaged in the previous activities.

A sample activity sheet is provided at the end of this paper.

I11. The Second Step

The second step is a highly structured short design process. Emphasisis on learning what
the fundamental components of the design process are and how they can be applied. At
the completion of the process thereis a group activity that reviews and identifies when
specific steps of the design process were undertaken. Even though the students have been
through the process, they have difficulty understanding how to identify a particular step,
often mislabel a step or combine one.

The TIDEE iterative design process includes the following components:

Infor mation Gathering— information identified and obtained to support design
process and design decisions

Problem Definition— development of design goals and specific requirements
that will ensure a successful design

| dea Gener ation— gathering and creating new ideas and concepts for
consideration in development of adesign

Evaluation— using appropriate methods and tools to determine how well
concepts meet requirements

Decision M aking— making design decisions based on proper consideration of
evidence and issues

I mplementation— advancing design decisions toward delivery of design
products desired by clients

Pr ocess Devel opment— management of design activities to support effectiveness
and improvement

The three short design projects for step two are:

1. Developing alogo for aclient.
2.
3. Developing a problem definition for ateam bicycletrip that isto be implemented

Recycling a PET (polyethylene terephthalate) soda bottle.

by atravel agency.

IV. The PET Design

The PET design process develops al of the components of the engineering design
components previoudly listed. The sequence of the activitiesis:

1

Identify PET Bottle Characteristics. Requires a minimum of twenty minutes to
complete. The instructor might want to use full bottles of sodaif he/she wantsto
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10.

treat the class. The students gather information about the characteristics of the
PET bottle and evaluate which of those characteristics might be useful to consider
in arecycling effort. They also need to weigh how a manufacturing process might
affect their list of characteristics. Process development occurs when team
members learn to effectively listen and build on each other’ sideas. Further
information is gathered when each team reports (implementation) its findings and
alarger, moreinclusivelist is created.

Identify Possible Uses of PET Bottle. Takes about twenty minutes to complete.
Each team is to generate at least twenty ideas that identify how a PET bottle could
be recycled. Each member is encouraged to contribute to the process. The team
reports unique ideas to the class.

Identify Criteriafor Selecting Best I1deas. Takes about fifteen minutes to
complete. Establishing criteria helps to identify the problem definition. Criteria
include requirements like safety, appearance, functionality, and manufacturability.
The instructor helps the students to understand the difference between a need and
a problem definition.

Expand List of Ideas. Takes about twenty minutes to complete. The new problem
definition creates an iterative effect that allows the students to generate more
ideas. They are asked to categorize (evaluation and decision making) their ideas;
e.g., toys, containers, etc. They are then asked to seek new ideas within each
category and to seeif new ideas occur when two categories are bridged.

Select the Best Ideas. Takes about fifteen minutes to complete. Each team selects
their four best ideas (evaluation and decision making). No reporting done.
Evaluation Matrix Decision. Takes about twenty minutes to complete. Each team
evaluates its own ideas by using a matrix to select the idea with the greatest merit.
Theideas are listed in the columns and each criterion is listed on successive rows.
A (+, 0, -) scaleisdiscussed and used to evaluate ideas. No reporting done.
Problem Definition. Takes about fifteen minutes to complete. Each team discusses
how their product will be manufactured. Each team investigates collection,
manufacturing and use issues and writes a problem definition for producing their
product. Team writes out their problem definition to be shown on an overhead
proj ector.

Implementation Plan. Takes about twenty minutes to complete. Students develop
an implementation plan. This activity uses all the steps within the engineering
design process. No reporting done.

Oral Report on Design. Takes about ten minutes to prepare and about one minute
per team to report that describes the project’s merits, use and manufacturability.
Thisis an example of implementation.

Identify Design Process Steps Used. Takes about fifteen minutes to complete.
Each team fillsin the following matrix to identify which categories of the
engineering design process were completed for each activity of the project.

Identify the design categoriesfor each of the activities of the PET project.
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V. Evaluation and Assessment

Our students come with a mixed set of expectations when they enroll in a team based
design course. Often they react from excitement to "Gee whiz, here we go again, another
team experiencel" A typical team experience is one where the instructor usually assumed
that they know how to make the team function and spent little or no time developing team
skills. We have assessed entering students and find that they have not developed these
skills. And it is not age dependent.

Their previous experience could be described as: "We formed teams, tried to effectively
use each of our member’s skills, issues emerged that were difficult to resolve, one or
more member s took up the slack and did most of the work, and somehow we managed to
finish the project by the due date and got a reasonable grade.”

The class provides "safe situations’ so students can take a few risks and try new
techniques without feeling that they jeopardize their ability to receive a"good" grade.
And they respond with big changesin their lives. They learn how to create highly
effective teams where they have experienced what it is like to be part of a high
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performing team. This experience provides them with life-long learning skills that they
can use throughout their college and professional carriers.

Beyond understanding the basic components of the design process and developing
strategies of how and when to effectively use those components, students developed the
teamwork and communication skills that support the design process. For example, they
were able to:

Understand how to use positive, supportive language.

Create effective roles, a common bond, image and synergy.

Understand how people with different learning styles contribute to the process.
Develop intervention techniques when problems arise in communication.
Develop feedback mechanisms to improve team performance.

Learn how and when to set goals and to give rewards.

Break down personnel barriers of being afraid to speak before groups.

Approach problemsin their jobs so that they become more effective team players.
Train others to form effective teams.

Thisis confirmed by assessing their skills and knowledge using the TIDEE mid-program
and end-of -program assessments, self-assessments, exit interviews, pier reviews of poster
presentations and journal evaluations, listening to reflector reports, and using surveysto
discover which components of the class are most effective. All evidence indicates that the
variety and repetitiveness contributes significantly to the growth in the students’ ability to
understand the engineering design process, improve communication skills and to know
how to form quality teams.

Activity: Refining Sounds of Effective
Teams

Objective: Participantslearn to perform ther team
roles mor e effectively through use of carefully selected
statements

Tasks

Your team’sassigned rolefor thisactivity is

1. Assign each team member to arole.
2. Review the handout: "Effective Statements for Team Members."
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1. Brainstorm for additional positive statements to be used by personsin your team’s
assigned role.

Brainstorm for negative statements that should not be used in thisrole.
Review your team’ s recent performance of the assigned role and identify one

specific way in which the person in this role can improve team performance
through effective use of statements.

Deliverables

W

o Team reporter presents on an overhead transparency:

a. Two positive and two negative statements identified for the assigned role.
b. The most effective statement that would support the team’ s goals.

Criteriafor Success

e Statements are constructive and effective in enhancing team performance.

e Team members have new phrases they could use to make their job more effective.

e Team members have a broader understanding of the job responsibilities within the
team.

o Team members have a better understanding of how teaming skills contribute to
the success of the project.

Resour ces

e Handout that lists effective statements for team members.
e Team member’s experience in teamwork.
o Tweave minutes of team discussion time.
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