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Proposal to the Senate Educational Policy Committee

PROPOSAL TITLE:
Revision to the Bachelor of Science in Bioengineering, Department of Bioengineering, College of
Engineering

SPONSOR:
Brad Sutton, Associate Professor and Associate Head, Department of Bioengineering
217-244-5154, bsutton@illinois.edu

COLLEGE CONTACT:

Umberto Ravaioli, Interim Associate Dean, College of Engineering, 217-333-2280,
ravaioli@illinois.edu

BRIEF DESCRIPTION:
The Bioengineering Department continues to develop its core engineering courses with strong
biology and physiology integration, demonstrating for students the application of engineering
principles to biological systems. In line with that curriculum goal, the Department of
Bioengineering requests a revision to the Bioengineering Technical Core section of the
curriculum for the Bachelor of Science in Bioengineering as follows:
Further development of fundamentals of systems engineering throughout curriculum
e Revise BIOE 205—Circuits & Systems in Bioengrg (4 hours) to BIOE 205—Signals &
Systems in Bioengrg (3 hours)
e Replace MCB 404—Sys & Integrative Physiol Lab (2 hours) with BIOE 303—
Quantitative Physiology Lab (2 hours)
e Introduce a new course BIOE 420—Intro Bio Control Systems (3 hours).

Replacing fluid mechanics with transport and fluids in biological systems
e Replace TAM 335—Fluid Mechanics (4 hours) with a new course BIOE 360—Transport
& Flow in Bioengrg (3 hours).

Replacing separate quantum mechanics and thermodynamics courses with an integrated course in
bioenergetics
e Replace ME 300—Thermodynamics (3 hours) and PHYS 214—Univ Physics: Quantum
Physics (2 hours) with a new course BIOE 220—Bioenergetics (4 hours).

Applying statistics to large biological data sets and genomics
e Replace IE 300—Analysis of Data (3 hours) with a new course BIOE 310—Comp Tools
Bio Data (3 hours).
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A Course Revision form for BIOE 205 and New Course Outline forms for BIOE 220, BIOE 310,
BIOE 360, and BIOE 420 can be found in Appendix B.

Net hour change in curriculum: O hours added, 4 hours of engineering added. Total hours
changed: 14 hours of BIOE courses added; 12 hours of Engineering and 2 hours of MCB deleted.

JUSTIFICATION:

Bioengineering incorporates a thorough understating of biology with a breadth of
engineering knowledge across multiple engineering disciplines. Bioengineering undergraduate
curriculums are significantly challenged to cover the large amount of material that bioengineers
need to master within the allotted degree program hours and with sufficient engineering hours for
ABET. The ABET standard for any engineering program is 48 hours of engineering content
(referred to as engineering hours below), as defined by the ABET a-k outcomes for engineering
graduates (ABET.org). The B.S. degree curriculum in Bioengineering, as currently approved by
the Illinois Board of Higher Education, is 128 hours with 50 engineering hours. The curriculum
as it was originally proposed included foundational mathematics, physical and life science
courses; a large component of courses from affiliated engineering disciplines, and a small
proposed core of bioengineering courses integrating biology with principles of engineering from
these affiliated disciplines. As the department faculty have increased in number, the
Bioengineering Department has had the ability to further develop courses that provide a strong
integration of engineering and biology in a string of courses that prepare students for the
challenges in field of Bioengineering. The current changes proposed would increase our ABET
engineering hours from 50 to 54 engineering hours due to replacing basic science courses, PHYS
214 and IE 300, increasing thermodynamics content, BIOE 220, and adding in a course with
heavy design content, BIOE 420.

This proposal adds five courses to the curriculum; largely replacing courses focused on
fundamental science concepts, such as statistics, fluids, and thermodynamics, with courses that
integrate biological examples and specific technical topics into the treatment of the basics. This
provides students with domain-specific treatment and focus on the areas that are most likely to
impact their future careers. Three of these five courses have been piloted several times with
success.

Further development of fundamentals of systems engineering throughout curriculum
e Revise BIOE 205—Circuits & Systems in Bioengrg (4 hours) BIOE 205—Signals &
Systems in Bioengrg (3 hours).
e Replace MCB 404—Sys & Integrative Physiol Lab (2 hours) with BIOE 303—
Quantitative Physiology Lab (2 hours)
e Introduce BIOE 420—Intro Bio Control Systems (3 hours).

The first step in this curriculum revision is a further development of our systems engineering
approach to biology. Along these lines, we are revising our core introductory course, BIOE 205—
Circuits & Systems in Bioengrg, to focus more specifically on linear systems theory while
reducing the emphasis on circuit analysis. Currently, BIOE 205 is 50% circuit analysis and 50%
systems, but does not include Laplace transform theory and biological applications. The
department proposes to revise BIOE 205 to include Laplace transforms and a better introduction
to system analysis concepts; moving the circuit analysis content to another course, BIOE 414. To
reflect the change in content, we are requesting (via a course revision form) a change in course
title to BIOE 205 Signals & Systems in Bioengrg. Overall, the revisions to BIOE 205 will cover
less content than it currently does and so the credit hours will be reduced from 4 hours to 3 hours.
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BIOE 303—Quantitative Physiology Lab was recently approved by the campus for the
Bioengineering curriculum. This course expands upon physiology taught in BIOE 302—
Modeling Human Physiology, allowing students to see how parameters in models of various body
systems (cardiovascular, neurophysiology, muscle, respiratory, and endocrine systems) are
measured, how they change, and allowing them to validate the model's ability to describe real
human physiology behaviors. When simulating physiology, students can perform many virtual
experiments very quickly to get a quantitative feel for how the systems perform. However, while
they are learning the models, they need to have hands-on experience with one or two experiments
to validate the model and understand the inputs. This combination of computer simulations
coupled with hands-on experiments has been shown to be a powerful learning model and
addresses teaching to a variety of learning styles. Additionally, a significant proportion of the
proposed course (50 %) is devoted to measurements associated with the mathematical and
computer modeling of the systems, so information and experiments are presented as a means to
create context for the mathematical models, calibrating and validating their behavior. This
approach allows for engineering content in the course that was not offered in MCB 404.

In order to provide a stronger integration of engineering systems and biology, we are introducing
a new course BIOE 420—Intro Bio Control Systems as a capstone course for seniors in the
department. This course will require integration of the physiological models and linear systems
theory to analyze and design control systems for biomedical applications. The course will cover
fundamentals of control while working up to a project that allows students to design a
measurement and control system for a physiological signal of interest using microcontrollers and
biosensors.

Replacing fluid mechanics with transport and fluids in biological systems
e Replace TAM 335—Fluid Mechanics (4 hours) with a new course BIOE 360—Transport
Phenomena in Bioengineering (3 hours).

We have developed a course to provide a deeper treatment of transport in biological systems.
Currently students are required to take TAM 335—Fluid Mechanics. This course teaches
fundamentals of fluids, however, in an industrial flow context. In contrast, our proposed course,
BIOE 360—Transport Phenomena in Bioengineering, will focus on fundamental flow concepts in
microfluidics, biological flows, blood flow, drug delivery, and biomedical devices. Biological
fluids behave very differently than industrial fluids, and our proposed course will prepare
Bioengineering students for dealing with these challenging flow systems. In addition, the course
will cover transport processes for topics such as drug delivery and incorporate imaging
techniques used in industry and medical applications by addressing design and use of contrast
agents, phase contrast imaging and flow Doppler instrumentation. This comprehensive list of
topics will strengthen the applied knowledge for bioengineering graduates who choose to pursue
careers involving imaging, diagnostics, and medical devices — a trend that is increasingly seen in
bioengineering job placements.

Replacing separate quantum mechanics and thermodynamics with bioenergetics
e Replace ME 300—Fluid Mechanics (3 hours) and PHYS 214—Univ Physics: Quantum
Physics (2 hours) with a new course BIOE 220—Bioenergetics (4 hours).

Currently Bioengineering students experience thermodynamics in two contexts, once in PHYS
214 and once in ME 300. These two courses cover quantum mechanics up to systems-level
thermodynamics, however, they do not have coverage of biological systems. We have partnered
with mechanical engineering faculty to develop BIOE 220—Bioenergetics to include coverage of
quantum, sub-molecular, molecular, up to cell-level thermodynamics. Thermodynamics,
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energetics, and metabolism are fundamental to life processes and coverage in a biological
context, with the specific topics that Bioengineers will need in research and industry, is absolutely
essential to prepare our students. This course has been offered as a pilot twice previously through
mechanical engineering, once in Spring 2007 and once in Spring 2012 when it was updated, co-
taught by a bioengineering faculty member and tailored for the bioengineering curriculum in
preparation for approval as a permanent course.

Introducing statistics through large biological data sets and genomics
e Replace IE 300—Analysis of Data (3 hours) with a new course BIOE 310—Comp Tools
Bio Data (3 hours).

We are proposing to replace a general statistics course with one focused on large biological data
and computational tools. Currently Bioengineering students take IE 300—Analysis of Data,
which provides coverage of probability and statistics in a general context. We are proposing to
update this with BIOE 310—Comp Tools Bio Data. The course will focus on statistics of large
biological data sets from genomics, including access to genomic datasets from the NCBI
genomics database. In addition to the use of genomics data, students are taught the tools needed
to analyze such large data sets, using both R and Matlab. The proposed course provides the tools
and context that students need to form hypotheses about genomics problems and analyze and test
them with real data and real computational tools. This skill is critical for industrial and research
jobs that many Bioengineering students pursue after graduation.

BUDGETARY AND STAFF IMPLICATIONS:

a. Additional staff and dollars needed — No additional staff or budget is required to
implement the changes outlined in this proposal. Enrollment in new BIOE courses
can be managed with existing instructional resources. Four new faculty have been
hired and they have been assigned these courses as part of their teaching load. We
have increased capacity and are able to accommodate these new courses with our
current staffing.

b. Internal reallocations — No change in class size, teaching load, or student-faculty ratio
is indicated by the changes outlined in this proposal.

c. Effect on course enrollment in other units and explanations of discussions with
representatives of those departments — Our students will no longer take Physics 214.
A letter is attached in the appendix from Physics indicating that this will not have an
impact on the course. Other course changes are courses that are being replaced with
new Bioengineering courses with integrated biological topics. Letters of support from
the affected departments are included in Appendix B associated with each proposed
new course.

d. Impact on the University Library — No impact to the University Library is indicated
by the changes outlined in this proposal. A letter from the library is attached.

e. Impact on computer use, laboratory use, equipment, etc. — No additional impact to
computer use, laboratory use, or equipment is anticipated with the changes outlined
in this proposal.

DESIRED EFFECTIVE DATE: Spring 2014

STATEMENT FOR PROGRAMS OF STUDY CATALOG: Appendix A
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Signatures:
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q anko 3
College Representative: Date:
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Provost Representative: Date:
Educational Policy Committec Representative: Date:
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UNIVERSITY OF ILLINOIS
AT URBANA-CHAMPAIGN

T

1867

University Library

Office of Dean of Libraries
and University Librarian
230 Main Library, MC-522
1408 West Gregory Drive
Urbana, IL 61801

October 2, 2013

Umberto Ravaioli
Interim Associate Dean
206 Engineering Hall
M/C 272

Dear Dean Ravaioli:

Thank you for providing the University Library with the opportunity to review the College of
Engineering’s proposal to the Senate Committee on Educational Policy to revise the
requirements of the Bachelor of Science in Bioengineering. Based upon the proposal that we
reviewed, we do not believe that there will be any substantive impact on existing library
offerings—either in terms of library materials or personnel.

The librarians in the Grainger Engineering Library have an excellent relationship with the
College and if additional services or materials are required as the program develops, I have
every confidence that we will be able to work together to meet the needs of the students.

P. Wilkin
Juanita J. and Robert E. Simpson
Dean of Libraries and University Librarian

c: Thomas Teper
William Mischo
Mary Schlembach
Elizabeth Stovall, Graduate Programs Director, CoE

telephone 217-333-0790 e fax 217-244-4358




UNIVERSITY OF ILLINOIS EP.14.13

AT URBANA-CHAMPAIGN

Office of the Provost and Vice Chancellor
for Academic Affairs ]
Swanlund Administration Building 007

601 East John Street
Champaign, IL 61820

October 9, 2013

Gay Miller, Chair

Senate Committee on Educational Policy
Office of the Senate

228 English Building, MC-461

Dear Professor Miller:

*

Enclosed is a copy of a proposal from the College of Engineering to revise the Bachelor of
Science in Bioengineering.

The proposal has been reviewed and approved by the College of Engineering Executive
Committee. It now requires Senate review.

Sincerely,

\émh At

Kristi A. Kuntz
Assistant Provost

Enclosures

c¢: R. Bashir
R. Dennis
J. Hart
A. Singer
E. Stovall
B. Sutton

telephone (217) 333-6677 o fax (217) 244-5639



UNIVERSITY OF ILLINOIS
AT URBANA-CHAMPAIGN

College of Engineering
306 Engineering Hall, MC-266 ]
1308 West Green Street e

Urbana, IL 61801

September 27, 2013

Kristi Kuntz

Assistant Provost

217 Swanlund Administration Building
MC-304

Via: Andreas Cangellaris, Engineering College
Dear Provost Kuntz:

The College of Engineering Executive Committee has reviewed and approved the folloving:

Course Revision: Revision to the Bachelor of Science in Bioengineering,
Department of Bioengineering, College of Engineering

Attached is a copy of the request.

Sincerely yours,

A

John C. Hart, Vice Chair
Executive Committee

Approval Recommended:
e — q/272013
Andreas Cangellaris Dean Date

College of Engineering
JH/rd
Enclosure

¢: Rashid Bashir
Andy Singer
John Hart
Brad Sutton
Elizabeth Stovall
Robin Dennis











