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Abstract

A unique feature ofthe desgn processat MSOEis the Biomedical Engineeing “senior
design project” that kegins in &rm two of the freshmanyear. Each stught must apfy to
become a member of a particliar ttam and rost stueéntswill stay in that design team. During
the next ten quaters, the students ae expected to apgy course matrial pertinent to their
engineaing project and pesent that apfication to their design adsisor within two weeks of
completion of each quamr. In the second quarér of the junior year, each tam pesents their
final project specifications b the facuty, studnts and inited guests.In the sgring quater of the
junior, each asign team kegins work on subgstem design specifications. These specifications
are then refined into design specifications and a mtotype during the senior year. This process
cuminaies in a asign slow in which the products and esign are judged.

Continual and progssive asgssnent of a stuént’s progess is crucial to thsucess of
the design team. The team’s facuty advisor uses dearly defined “Engineering Design Folicies
and Rocedures,” regularly screduled medings with the team, scleduled forma and irformal
oral reports, a brmd feasibiity stud/, and tke students’ continuous u of anengineering
logbook to perform this asessnent. The fourth group of students is @mpleting this design
sequence in May of 1999. The resuting senior engineaing design projects hae been highly
sucessfu becau® of the continud asgssnent of the teams’ parformane by ther individual
facuty advisor and tle BE program facuty.

Introduction

Biomedicd Engineeging began at M®E in 1972 as a BrEnvironmentad Engineaing
Techrology program. Son after, it became a Biomedica Engineering Techrology program and
was acoedited by the Techmology Accreditation Commisson of ABET. This piogram kecane a
Biomedica Engineering program andwvas acoedited by the Engineering Accreditation
Commissbn of ABET in 1989. Over the past 26years tre MSOE BE piogram hagyained
respect as deader in undergraduae Biomedicd Engineaing educaton and is cuently one of
two accedited programs inWisconsin. The majority of studentswho enroll in BE at MSOE are
from the Midwest. However, our nationd and inernationd reputation has dawn studntsfrom
al over the United Staes, Suth and @ntrd America, Africa, the Middle East,Asia, andndia.

Stucdknts inerested in this pogram ae taught that tle word biomedicd is a nodifier to
the word engineering. The BE currichum at MSOE contains a ore sequence of courses
commonly found in dl engineeing curicula. In additon to the cusbmary engineeing science
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courses, the BE curriculum includes studiesin the life sciences. A graduate of the BE program
will have completed 21 quarter credits of biology, organic and biochemistry, anatomy, and
physiology. Thelife sciences are also integrated into many of the traditional engineering science
courses taken by the biomedical engineering students. Continual and progressive assessment of

a student’s progress is crucial to improving the quality of the BE program at MSOE. The
faculty at MSOE have elected to use a four year design process as the primary method of
assessing the learning of the BE students.

Design in the Biomedical Engineering Program

Biomedical Engineering Design involves all the skills which differentiate an engineer
from a scientist. An unique aspect of the Biomedical Engineering program at MSOE is the
eleven quarter design sequence. Beginning in the winter quarter of their freshman year and
continuing over the subsequent eleven quarters, the BE student is required to demonstrate that
he or she possess the design skills necessary to succeed. As with the development of any skill,
practice is the key to success. Engineering design can not be taught in one quarter. Learning
engineering design takes practice and time. The students are expected to develop these skills
and make them part of their development as a engineering professional. The objective of this
engineering design experience is to prepare the MSOE BE student to practice the profession of
engineering after graduation.

The Biomedical Engineering curriculum provides both the high level of education and
practice required to become a Professional Engineer. The educational component of courses in
engineering, mathematics, sciences, communications, humanities, social science, business and
law, serves the overall needs of the student seeking to achieve professional status. The practical
component is composed of the many laboratories and the more than 24 credits of engineering
design contained in the curriculum. As the student moves through the curriculum, he/she is
expected to apply the knowledge gained in each course to the solution of a particular biomedical
engineering design problem.

Biomedical Engineering Design organization

The first course in Biomedical Engineering Design is Freshman BE Design (BE-103).
The Biomedical Engineering Program Director assumes the role of Vice President of
Engineering and coordinates all of the Biomedical Engineering Design activities. A faculty
member is assigned to teach BE-103 and assumes the role of Chief Engineer. The Chief
Engineer is responsible for project identification, the assignment of all design team personnel
and, in consultation with the Vice President of Engineering, makes all policy decisions, and
assign all grades. The Chief Engineer remains with the teams through the eleven quarter design
process. The members of the Design Team are responsible for formulating questions and asking
for guidance with design problems or procedures. The Chief Engineer does not solve problems,
make specific engineering decisions, design, take charge of individual design teams, or do the
work assigned to the members of the design team. Each student is required to submit a cover
letter and resume requesting a position on one of the design teams. Further, each student must
apply for one or more of the following positions: Group Manager, Project Manger, Associate
Project Manager, or Project Engineer.
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The Group Manager (GM) is an engineering member of one of the design teams for 50%
of his/her time and serves as manager of all of the design teams formed in BE-103. The Group
Manger is responsible to the Division Engineering Manager. The function of the Group
Manager isto call meeting(s) of the Project Managers to insure that al design teams are making
progress towards their design goals. Further, Group Managers are required to meet with the
Vice President of Engineering and the Chief engineer every two weeks during the each academic
quarter

The Project Manager (PM) is an engineering member of a design team who assumes the
responsibility for organizing, coordinating and planning the activities of the design team. The
Project Manager is required to attend meeting(s) called by the Group Manager.

The Associate Project Manager (APM) is an engineering member of a design team who
assumes the responsibility of the Project Manager whenever the Project Manager is not able to
assume these responsibilities. Further, the Associate Project Manager is responsible for
scheduling meetings with the Chief Engineer, and to keep a permanent file of all design memos
and reports of the design team.

The Project Engineer (engineer) isamember of adesign team with specific engineering
assignments. The engineer is responsible for particular design projects as agreed to by the other
team members and the Project Manager. Sincethisis ateam effort, each engineer is required to
assume the duties of the Project Manager and/or Associate Project Manager if, for any reason,
the Project Manager and/or Associate Project Manager can not perform those duties. Each
member of the design team must work to keep the project moving toward completion on time,
within specifications, and on budget.

Design Team Procedures

Design Teams are teams of engineers working in a cooperative and professional manner
to achieve acommon goal. Design Team Managers (Group Manager, Project Managers,
Associate Project Managers) are required to accept major design assignments on their individual
design teams. Any of the three management positions may be assigned to any engineer by the
Chief Engineer to insure that each student gains appropriate professional experience. In most
situations, grades assigned to the design team apply to all members of the design team.

Each design team engineer is required to keep an Engineering Log Book. Rules for
completing such alog are given to each student in BE-103. The contents of each Engineer's
Engineering Log Book isthe major determining factor in judging if a student has earned a
passing grade for the courses involved in the design sequence (BE-103, BE-400, BE-401, BE-
402, BE-403). It isalso asignificant component in the assessment process.

Since the actual Engineering Log Book of an engineer is the personal property of that
engineer, it isthe responsibility of the APM, in consultation with the other members of the
design team, to specify how each team engineer will report their work to the other members of
the design team. If a design team member should resign or not be able to continue, for any
reason, the other design team members need to have access to the work of that engineer. In
addition, each engineer is required to submit awritten summary of their work on a quarterly
basis, and copies of these summaries are kept in the office of the team’s Chief Engineer. Since
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these Memos and Reports are not returned to the design team, the Associate Project Manager
must keep copies of these items.

The Group Manager is required to call at least one meeting per quarter of the Project
Managers. The meeting isto be called at atime and place agreed to by the Project Managers.
The Group Manager must provide a meeting agenda and minutes of the previous meeting to
each Project Manager with copies to the Chief Engineer and Vice President of Engineering.

The Project Manager must attend all meetings called by the Group Manager, lead the
guarterly meeting of the design team with their Chief Engineer, and schedule at least one
meeting per quarter of the members of the design team. The time and place of the design team
meeting(s) must be agreed to by all members of the design team. The Project Manager must
provide each member of the design team with an agenda at the time of the meeting. The team
members shall be given the opportunity to make changes to the agenda with the approval of the
other team members. The Project Manager is to keep the Group Manager and Chief Engineer
appraised of all problems and/or recommendations of the design team.

The Associate Project Manager is responsible for scheduling quarterly meetings with the
Chief Engineer and keeps copies of all design memos, agendas, minutes, and reports of the
design team. There are two policies under which all design teams are to operate. First, all design
team engineering decisions are to be made in a cooperative and professional manner with all
members taking an active part in the decision making process. Second, each member of adesign
team may, at any time, discuss problems with the Group Manager, Chief Engineer, or Vice
President of Engineering.

The students must make every effort to complete at least 10 hours of work on the design
project during every subsequent quarter and during the summer breaks. They arerequired to
write a design memo on the work completed and give the memo to the APM. Thiswill continue
until the winter quarter of the junior year when each design team must give the Formal Junior
Biomedical Engineering Design Presentation.

The GM isresponsible for organizing and conducting the Oral Presentations of the
Junior Design Report during the second week of the quarter. The PM is responsible for
organizing the design team’s Oral Presentation of the Biomedical Engineering Junior Design
Report and must schedule at least one design meeting and plan final design specifications. The
final design specifications must be presented in the form of awritten memo to the Chief
Engineer, with a copy to the VP of Engineering. The final design specifications must receive
written approval from the Chief Engineer and VP of Engineering.

The APM isresponsible for organizing of the Formal Junior Design Report and giving
copies to the Chief Engineer and VP of Engineering prior to the Oral Presentations. The APM
must also schedule a meeting of the design team with the Chief Engineer.

The engineers are required to work on final preparations for the Oral Design
Presentation, complete the Formal Junior Report, attend all design team meetings, and prepare
the final design specifications.
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The Chief Engineer assigns ateam grade for the Oral Presentation and a team grade for
the Formal Junior Design Report. After grades have been assigned for the Oral Presentation and
Report, the Chief Engineer calculates a Design Team Grade. This grade is composed of all
grades assigned to the design team. Each team must earn at least a 70. If the Design Team
Gradeisnot at least a 70, team membersis not allowed to register for BE-400. Further, each
member of the design team must also meet all prerequisites for BE-400. Any engineer not
meeting the prerequisite requirement is required to resign from the team and apply to a
sophomore year design team.

Beginning in quarter nine and ending in quarter twelve, the design teams work on
subsystem design, prepare design memos covering the work completed in each quarter, attend
design team meetings, and attend design team meeting(s) with the Chief Engineer, as directed by
the Chief Engineer. Design team performance is graded by the Vice President of Engineering,
and that grade is factored into the final grade assigned for BE-400 by the Chief Engineer.

During the summer between the junior and senior year each member of the design team is
expected to spend at least 20 hours working on assigned design team activities.

In BE401, which is taken during quarter ten, the PM is responsible for making sure that
design specifications, ethical, moral, legal, and economic issues are resolved by the members of
theteam. An Oral Presentation and Formal Report is used as the Final Examination in this
class. The APM isresponsible for collecting from each engineer drafts of various sections of the
Final Formal Design Report. Copies of the rough drafts are to be sent to the Chief Engineer.
The engineers work on individual designs, submit rough drafts of sections of the Final Design
Report, and prepare written and oral presentations required in BE-401. If possible the Vice
President of Engineering and all of the Biomedical Engineering faculty attend the Formal Oral
Presentation. The Chief Engineer may also invite other interested parties. The presentation is
not open to the public.

BE402 is taken during quarter eleven and the PM must plan and organize design
activities of team in and outside of BE-402, plan all meetings with the Chief Engineer, attend
PM meetings, and organize and coordinate the team’s Engineering Design Review. The APM
must schedule meeting(s) with the Chief Engineer, provide the GM with the information needed
for the Biomedical Engineering Design booklet, collect and copy drafts of completed sections of
the Final Biomedical Engineering Design Report, and collect, copy and distribute written reports
to be used in the Engineering Design Review. The engineers must attend design team
meeting(s), participate in the writing of the materials needed for the Design Show, write and
submit to the APM drafts of your sections of the Final Design Report, and write and submit to
the APM materials to be used in the Engineering Design Review.
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The lecture material for BE-402 is team taught by members of the BE faculty and final
grades is assigned by the Engineering Design Review Committee. Thefinal examination in BE-
402 is a complete review of each team’s proposed design. The Engineering Design Review is
scheduled as soon as the team is ready; it does not have to be during final examination week.
The Engineering Design Review Committee is composed of the Vice President of Engineering,
the Chief Engineer and at least two other Biomedical Engineering Faculty. The Chief Engineer
may also invite other interested parties. The Engineering Design Review is an informal meeting
closed to the public and the other design teams.

Quarter 12 iswhen BE403 is scheduled and during this course the GM must plan and
organize the Biomedical Engineering Design Show under the direction of the Chief Engineer
and Vice President of Engineering. The PM must organize and lead at |east two meetings with
the Chief Engineer, coordinate the work of the design team, coordinate the writing of the Final
Formal Design Report, and organize and coordinate the team’s Biomedical Engineering Design
Show Presentation. The APM collects and copies the Final Design Report, give copies of the
report to the Chief Engineer and Vice President of Engineering prior to the BE Design Show,
and schedule at least two design team meetings with the Chief Engineer. The Engineers attend
design team meetings, complete all design sections, write final sections of the Final Design
Report, and participate in the BE Design Show. Final team grades are assigned by the Vice
President of Engineering and the Chief Engineer.

Conclusion

A uniqgue feature of the design process at MSOE isthat all Biomedical engineering
students begin their “senior design project” in term two of their freshman year. During the
eleven quarters of design, the students are expected to apply course material germane to their
engineering project. Each team must finalize the customer specifications and present their
project specifications to the faculty, students and invited guests in the junior year. These
specifications are then refined into design specifications and a prototype during the senior year.
This process culminates in a design show in which the products and design are judged. The
fourth group of senior BE students completed this four year design sequence in May of 1999.

Continual and progressive assessment of a student’s progress has been crucial to the
success of the Biomedical Engineering design process. The team'’s faculty advisor have used
clearly defined “Engineering Design Policies and Procedures,” regularly scheduled meetings
with the team, scheduled formal and informal oral reports, a formal presentation on the produce
specifications, and the students’ continuous use of an engineering logbook to perform this
assessment. The resulting senior engineering design projects have been highly successful
because of the continual assessment of the teams’ performance by their individual faculty
advisor and the review of the BE faculty.
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