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Curriculum Improvement: 1) Biology in the Curriculum:

Review of the past several years of the placement of our students through the Engineering

Career Services (Assessment Tool 16) has indicated that an increasing numbers our students are

being employed by the food, pharma, and biotech industries (see Appendix C, slides 20 and 21,

from the CBE Advisory Board presentation, 3-31-2004).  Analysis of employment data indicated

that the “conventional” industries of petroleum and chemicals hired less than 1/3 of our

graduates in two recent years, and the biologically-based fields of food and pharmaceuticals

hired approximately 1/3 of our graduates in the same sample. The latest CBE Advisory Board

report (Assessment Tool 7) presented in Appendix C has also indicated the desire from the

undergraduates, undoubtedly motivated by the changing employment landscape, to enhance our

biological courses offerings.  The input from the national debates within the chemical

engineering field has also indicated the need and movement towards an increasingly integrated

biological component to the curriculum to meet these changing needs. As part of this ongoing

process, faculty members (Abbott, Lightfoot (speaker), Palecek, Rawlings) have also attended

several NSF-sponsored Curriculum Development Workshops on the Integration of Chemical &

Biological Engineering (latest held on 16 and 17 April 2004 at Tufts University, Medford MA).

A summary of the second workshop is available at http://web.mit.edu/che-

curriculum/2003/cape_cod/proceedings_3_session_3.pdf. Faculty members attending these

workshops have reported back to the Faculty Meetings as documented in minutes for April 11

and May 2, 2003, among other instances in Appendix A.  We are using such peer-based best

practices and innovations as part of our curriculum development in this area.

Additionally, current faculty research interests and excitement among industrial contacts

about new frontiers in chemical engineering in biology-related topics has led many academic

departments to increase the biology content of their engineering programs.  Given the

increasingly important research component within CBE, the need for some preparation in

biology was desired for many of the students embarking on a graduate school career. The change

in our department name (but not the degree name) to “Chemical and Biological Engineering”

was recognition of these trends within and outside of the UW-Madison environment.

Given the continued, multiple inputs, based within our assessment tool structure

(documented in Appendix H), the CBE department decided that there was a need and
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opportunity to improve the Chemical Engineering curriculum through the inclusion of new core

courses providing scientific literacy in the biological sciences. We determined that there was a

need to alter our core curriculum through the addition of a biology core requirement in place of

existing chemistry and laboratory courses.  An appointed committee of several biology-oriented

faculty members, initially consisting of Profs. Abbott, Murphy, Palacek, Shusta, and Yin, met to

identify key biology concepts useful for chemical engineering undergraduates, assess the

opportunities for our curriculum and make recommendations on courses which would provide

appropriate core biological background.  We engaged in extensive discussions and held meetings

with undergraduates and faculty. Several observations were realized. First, monitoring of the

student choices for the Advanced Chemistry Elective revealed that half of our students selected

Biochem 501 over the lengthy list of alternatives, indicating the dominant student perception that

a biochemistry course was essential to their CBE education. Based on a variety of inputs and

with consideration of the use of these new core materials within the remainder of the CBE

undergraduate curriculum, the committee recommended Biochem 501 – Introduction to

Biochemistry and Zoology 570 - Cellular Biology as new required undergraduate courses.  These

are upper-level courses that would be taken in the 5th-7th semesters, and this material would

allow use of more biologically-related examples in our senior courses.  An alternative change

that was considered but not adopted required incoming CBE freshmen take Zoology 151 –

Introduction to Biology. This more basic background would allow use of simple biological

concepts in chemical engineering courses earlier in the curriculum. Review of the incoming

freshmen preparation indicated that many of the freshmen had high school biology courses.

Zoology 151 would provide similar course content and would not provide the desired more in-

depth ‘literacy’. This new core course requirement, replacing our Advanced Chemistry Elective

and the Advanced Chemistry Lab Elective, was initiated with the incoming class of 2004. We are

closely monitoring the performance of our students in these classes through grades and

discussion with the course instructors who reside outside of the CBE department.  The recent

discussions with the Biochem 501 instructors have indicated that the performance of the

chemical engineering students has begun dropping relative to that of the non-engineering

students in these courses (see memo dated May 27, 2004 at the end of Appendix H).  We are

looking into the trends over several semesters to assess whether this decline is sustained and

some additional remedial biological training is required for our students to fully benefit from
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these courses and to provide the background we desire. We have also undertaken interviews with

students in Zool 570 to obtain similar early feedback on these course changes.  It will be several

years before the impact of these changes would appear in our other assessment tools, such as the

EBI survey and Employer or Coop feedback. This feedback delay reinforces the need for

flexibility and breadth in our array of assessment tools.

In parallel to the institution of these new core requirements, we are modifying our core

courses through the use of biological and biochemical examples in the core courses. The

generation of useful problems at the introductory level is a time-consuming and often slow

process.  Instructors in our gateway courses such as CBE 250, Process Synthesis, have been

developing and incorporating such examples in their course execution.  Prof. Murphy, a frequent

instructor of this course, has developed a new textbook (see slide 11, Appendix H) which has a

higher biological content than traditional petrochemical-based texts. This text also contains a

greater emphasis on environmentally-benign processing and the creation of new processes. We

have been using this text during its development for several semesters in CBE 250.   In order

expedite the formation of useful examples and problem sets for our undergraduate classes, Prof.

John Yin was supported by the department under a departmental scholar program, and given

leave from teaching, during Spring of 2003 to develop additional homework problems for trial

and eventual use in the department.  Prof. Yin formally presented information on the course

materials he had developed in the Faculty Meeting of May 16, 2003, as documented in

Appendix A.  In all cases, this process of course enhancement and change is being monitored and

discussed.  As more biology is introduced into our introductory courses, we hope to expand the

incorporation of biology into our later core courses.

The significant on-going changes in the content of our courses are intimately tied to

ABET criterion a) an ability to apply knowledge of mathematics, science, and engineering.  Our

constituents demand a high level of technical and scientific competence yet the concept of what

is the essential scientific knowledge important to chemical engineers is changing. This change in

curriculum is responding to those evolving inputs to our process.
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Appendix H: Biology Requirement Documentation

Big 10+ 2002 ChE Chairs Meeting
February 12, 2002

Agenda

9:00 a.m. Room is open and continental breakfast service available

Discussion
10:00 a.m. Welcome, Introduction Ekerdt

10:15 a.m. Best Practices Ekerdt
Salary administration and how to
assess merit

11:15 a.m. Discussion of Department statistics Ekerdt

12:00 Noon Lunch

1:00 p.m. Biotechology/Bioengineering/Biomedical Engineering
The impact of local institutional initiatives and how
you, as a department, are responding

2:00 p.m. Faculty Recruiting Ekerdt
Current areas of focus and your five-year vision
of numbers and areas of emphasis

3:00 p.m. ABET Ekerdt/
Rousseau/
Rawlings

4:00 p.m. Adjourn

A27
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Department of Chemical Engineering
Minutes of the Faculty Meeting, September 27, 2002

Present: Faculty: Abbott, Dumesic, Graham, Hill, Klingenberg, Kuech, Lynn, Murphy,
Nealey, Palecek, Rawlings, Ray, Root, Shusta, Swaney, Yin;

Student: Hubbard;
Staff: Packard.

1. Announcements:

A. None.

2. A motion to approve the minutes of the September 13, 2002 meeting passed unanimously
(moved by Mr. Root, seconded by Mr. Yin).

3. Old Business:

A. None.

4. New Business:

A. Mr. Abbott, Mr. Shusta and Mr. Palecek, representing the committee charged with
reviewing the department name and undergraduate curriculum in light of advances in the
life sciences, distributed four handouts and discussed recommendations for changes to the
curriculum, including replacing an advanced chemistry elective with Biochemistry 501,
Introduction to Biochemistry, and addition of Zoology 570, Cell Biology. Much of the
discussion centered on what to remove from the curriculum to accommodate Zoology
570. Mr. Abbott will gather additional information on free electives and engineering
electives that students have taken in recent years for further discussion at the next
meeting on October 4.

5. Closed Session:

A. The following automatic consent business was presented:
Hongfei Tang; waiver of M.S. degree requirement for non-ChE student.

Submitted:________________________
Roger Packard
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Department of Chemical Engineering
Minutes of the Faculty Meeting, October 4, 2002

Present: Faculty: Abbott, de Pablo, Graham, Hill, Klingenberg, Kuech, Lynn, Mavrikakis,
Murphy, Nealey, Palecek, Rawlings, Root, Shusta, Yin;

Student: Hubbard;
Staff: Myhre, Packard.

1. Announcements:

A. Mr. Packard asked faculty to encourage all students who work in laboratories to attend
the special seminar on hood safety on October 8.

2. A motion to approve the minutes of the September 27 2002 meeting passed unanimously
(moved by Mr. Root, seconded by Mr. Yin).

3. Old Business:

A. Mr. Abbott led a discussion of ways to cut the undergraduate curriculum to accommodate
the addition of six credits of biological sciences. He distributed and discussed a handout
showing elective courses taken by all 2000 and 2001 B.S. graduates. It was agreed that
students generally are taking substantive courses for their electives, that there is value in
allowing flexibility in the curriculum, and that other areas to cut credits from the
curriculum should be explored. The committee will draft a proposal to discuss at the
Visiting Committee meeting on October 11, and will bring the issue back to a future
faculty meeting.

4. New Business:

A. None.

5. Closed Session:

A. The following automatic consent business was presented:
Jeffrey Greeley; distributed minor.

B. Mr. Kuech was nominated to serve for one year on the College of Engineering Academic
Planning Council (nominated by Ms. Murphy, seconded by Mr. Klingenberg).
Nominations were closed and Mr. Kuech was elected unanimously.

Submitted:________________________

Roger Packard
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Department of Chemical Engineering
Minutes of the Faculty Meeting, October 25, 2002

Present: Faculty: Abbott, Graham, Hill, Klingenberg, Kuech, Lynn, Palecek, Rawlings,
Shusta, Swaney, Yin;

Student: Cadwell;
Staff: Myhre, Packard;
Guest: R. Byron Bird.

1. Announcements:

A. Mr. Packard reported that the University Academic Planning Council has established
standard starting times for 75-minute classes in order to avoid conflicts with standard 50-
minute class periods. Prior approval will be required to schedule 75-minute classes at
other times.

2. A motion to approve the minutes of the October 4, 2002 meeting passed unanimously
(moved by Mr. Graham, seconded by Mr. Klingenberg).

3. Old Business:

A. Mr. Abbott distributed a handout briefly explaining the rationale for incorporating
mandatory classes in the life sciences into the undergraduate curriculum, and outlining
recommendations of the ad hoc Committee for the Modernization of the Undergraduate
Curriculum. The specific recommendations were to replace the advanced chemistry
elective (3 credits) with Biochemistry 501 (3 credits), and to replace the chemistry
laboratory elective (3 credits) with Zoology 570 (3 credits). Mr. Abbott reported that the
Visiting Committee expressed strong support for incorporating courses in the life
sciences into the curriculum, and that these changes still allow sufficient laboratory and
chemistry courses to provide good coverage of the relevant program objectives and
ABET credit distribution. Mr. Abbott also distributed a sample 4-year curriculum
incorporating the proposed changes. Several suggestions were made for modifications to
the 4-year curriculum to balance the load among semesters and to assure a logical
sequence of courses. Ms. Myhre will work with the committee to finalize the 4-year
curriculum. Mr. Kuech moved to accept the recommendations, seconded by Mr. Graham.
In further discussion, it was agreed that students who take the Biocore sequence could
substitute these courses for the new requirement. Students who transfer into the
department without Chemistry 109/329 are currently required to take Chemistry 329 to
satisfy the chemistry laboratory elective and cover the analytical chemistry content not
included in their general chemistry courses. It was recognized that the proposed
curriculum revisions would increase the load for students who transfer campuses or
switch majors, as they will no longer be able simultaneously to satisfy a chemistry
laboratory elective requirement while completing the basic chemistry requirement. To get
input from the full faculty, it was agreed to put the motion to a paper ballot due
Wednesday, October 30. Mr. Rawlings asked the same committee to develop a proposal
for renaming the department to bring to a future meeting.

4. New Business:
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A. Mr. Bird discussed his memorandum to the faculty concerning use of the Hougen
Professorship funds. He emphasized that Olaf Hougen believed strongly that top
departments should lead in the development of educational materials, and that the fund
was intended primarily to encourage development of materials such as textbooks,
research monographs, new laboratory experiments, etc. In addition to the ideas outlined
in Mr. Bird’s memorandum for better achieving this goal, specific areas on which future
Hougen projects might focus were discussed such as: developing problems and examples
in the life sciences or microelectronics for use throughout the upper level curriculum;
developing examples of how to bring chemical engineering to bear on other fields; or
introducing technology-enhanced education into the curriculum.

B. Mr. Rawlings led a discussion of the upcoming ABET interim report and how the
department assesses student outcomes. It was agreed that the current practices of
surveying graduating seniors and alumni, as well as letters from coop employers provide
good feedback.

C. Mr. Rawlings solicited opinions regarding the recommendations of the Visiting
Committee. It was agreed that the issue of safety is most important, and needs to be fully
addressed. Particular suggestions included: implementing regular laboratory inspections;
improving housekeeping; providing formal training for 599 students; regularly updating
chemical hygiene plans; and incorporating more information on safety in the
undergraduate curriculum. The issue of variability in timing of preliminary examinations
will be explored. Mr. Rawlings will gather pertinent information for discussion at a future
meeting.

5. Closed Session:

A. The following automatic consent business was presented:
None.

B. Mr. Kuech will distribute a list of faculty candidates currently under consideration who

are scheduled to present at the AIChE Annual Meeting.

Submitted:________________________

Roger Packard
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May 27, 2004

To: TFK, TWR, DJK
Re: Biochem 501
Cc: Linda Gatzke
From: RMM

This is simply an FYI. Prof. Bill Reznikoff called me early in the month expressing some
concern about the preparation of CBE students for Biochem 501. The gist of the conversation
was (a) that CBE students who take Biochem 501 without adequate preparation in biology were
at a disadvantage relative to other students, and (b) that the difference in preparation between
CBE and non-CBE students may grow as more CBE students take the course as a requirement
rather than as an elective.

The graph below compares the grades of ChE/CBE students in Biochem 501 over the past 5
semesters (data collected by Linda) to the “expected” grades (provided by Prof. Reznikoff based
on a typical grade distribution for all students in Biochem 501). The total number of ChE/CBE
students varies between 16-22. There were 17 for Spring 2004. (I deleted students who received
grades of “S’.) From the graph we see that the ChE/CBE student is less likely to get an A or AB,
and more likely to get a BC or C, relative to the entire population. The most recent semester is
much worse than previous semesters. The average GPA of the group of students who took
Biochem 501 in Spring 2004 was 3.05, so it is not a particularly weak (or strong) group. By and
large the students in Biochem 501 in Spring 04 are under the “old” curriculum, and taking the
course by choice and not by requirement.

We will continue to monitor this situation as we phase in the changes to the biology requirement
that were instituted officially in January 2004.
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