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l. Introduction

The database (http://summit.whitaker.org) created for The Biomedical Engineering Educational
Summit that was held on December 7-10, 2000 in Lansdowne, VA was used to determine
biological science and physiology course requirements for the 21 ABET-accredited Biomedical
Engineering (BME) programs listed in TableI. Thirteen of the programs require at least 4
semester hours of biological science with only one program (Johns Hopkins, 580.221: Molecules
and Cells) having a course that is taught within the department. Five of the programs (Case
Western Reserve, Duke, Louisiana Tech, Rensselaer Polytechnic Ingtitute, and Texas A & M) do
not require any introductory biology course. All but two of the programs (Duke and Marquette)
require at least 3 semester hours of physiology or engineering physiology with over half of the
programs offering engineering physiology courses. The 20 programs other than Duke, which has
biology and physiology as electives, required atotal of 9.8 + 4.0 semester hours of biology and
physiology.

The Biological and Agricultural Engineering (BAE) Department at NC State devel oped an
engineering biology course in 1995 and an engineering physiology coursein 2001. These
attempts to integrate engineering into the life sciences are discussed in the following sections.

. Integrating Engineering with General Biology

TheB. S. in Biological Engineering (BE) with concentrationsin Agricultural, Biomedical,
Bioprocess, and Environmental Engineering was first offered at NC State University in the fall
of 1994. A new 4-hr course, BAE 235: Engineering Biology, was developed to help meet ABET
requirements for 48 hours of engineering topics and 16 hours of biological science with no more
than 8 hours double counted with engineering hours. BAE 235 counted as 4 hours of biological
science and 3 hours of engineering topics and covered general biology with engineering
applications. Thismade it possible for the BE curriculum to stay within the legidatively
mandated maximum of 128 semester hours while meeting the requirements for ABET
accreditation.

BAE 235 had three 1-hr lectures each week that were taught in the BAE Department’ s classroom
space and one 3-hr lab that was taught in the same labs used for general biology. A college
biology textbook® was used for the course. The laboratory manual® was the same one that was
used for BIO 125: General Biology, which also had three lectures and a 3-hr lab each week.
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Additional books were used by the instructor to provide supplemental engineering and statistics
material*®. According to the course description, BAE 235 covered the “ Structure, function, and
energy transformations of biosystems at the cellular, organismal, and population levels with
particular attention to the solutions of engineering problems related to these transformations”
while BIO 125 covered “Basic principles and concepts of biology, including the structure and
function of cells and organisms, development, heredity, evolution, and ecology.” In addition to
using engineering examples, BAE 235 also had to provide students with enough biology to make
it possible for them to take advanced courses for the two required biological science electives,
one 4-hr course and one 3-hr course, e.g. basic human anatomy and physiology, cell biology,
genetics, microbiology, space biology, neurolinquistic development and disorders, etc.

BAE 235 worked very well for thefirst 4 yearsit was taught. On ascalein which 1ispoor, 3is
adequate, and 5 is excellent, the course rating was 4.2 + 0.3 and the teaching effectiveness was
4.3+ 0.2. Students who took BAE 235 reported that they were well prepared for upper level
biological science courses. BAE 235 also fulfilled half of the 8 hours of introductory biology
reguired for admission to medical school.

The average enroliment for BAE 235 was 27 + 2 students for the first 4 years with 21 students
enrolled in the 5" year (see Table I1). The drop in enrollment for the 5™ year was primarily due
to a decrease in the number of students following the other three concentrations (Agricultural,
Bioprocess, and Environmental Engineering) in the BE program since there were 15 studentsin
BAE 235in 1998 and 14 in 1999 who were in the Biomedical Engineering concentration.

In 1997, the BE curriculum was modified to include a 3-hr statistics course. Since the
curriculum was already at its maximum allowable limit of 128 hours, the hours for the statistics
course were “found” by reducing three 4-hr courses, including BAE 235, to 3-hr courses,
effectivein 1999. In the spring of 1999, BAE 235 had two 1-hr lectures and one 3-hr lab each
week. The course rating and teaching effectiveness scores both dropped to 3.4, which indicated
the student’ s dissatisfaction and frustration with BAE 235 as a 3-hr course. The main problem
was that, even after sometopics, e.g. evolution, were eliminated, there was too much material to
cover and too little lecture time. The syllabus, lecture slides, and homework sets (see Table I
for example problems) from the spring 1999 offering of BAE 235 can be found at
http://mwww.bae.ncsu.edu/bae/courses/bae235/. An additional problem that was not fully
appreciated when the change was made from a 4-hr course to a 3-hr course was the impact on
students who needed a 4-hr introductory biology course for medical school. Only 2 students who
took the 3-hr version of BAE 235 have applied to medical school, and the consequences for these
students are not yet known.

In addition to problems with content, BAE 235 began to have issues with space since the labs
were taught in rooms allocated to the biological sciences program. Table Il shows that the
demand for spring seats in introductory biology courses grew more between 1994 and 1999
(26.2%) than overall spring university enrollment (4.5%). Increasing the number of students
from 608 to 767 meant that 8 lab sections had to be added to an already full schedule. BAE 235
had an average enrollment of 26 + 3, which meant that it had to have two 20-student |ab sections.
Thus, BAE 235 occupied space that could have been used to serve 40 students when it actually
only served an average of 26 each year. This meant that 70 students were prevented from taking
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BIO 125 over the 5 years that BAE 235 was taught because there were no lab seats available for
them. Because a different group owned the lab space, control over when BAE 235 labs could be
offered was minimal and provided another source of friction. Using space allocated to the
biological sciences program did provide one advantage since it meant that only a limited amount
of equipment and supplies had to be purchased in order to teach BAE 235.

Introduction of ABET’s EC2000 made it possible for the BAE Department to set its own goals
for the program and to consider moving away from a strict adherence to 16 hours of biological
science with 8 hours being double counted. The Biomedical Engineering concentration in the
BE degree program was revised for the fall of 2000 to include the 4-hr BIO 125 course rather
than the 3-hr BAE 235. A 4-hr biological science elective was dropped from the revised
curriculum and the choice of either a 3-hr biological science or a 3-hr engineering science
elective was changed to a requirement for a 3-hr engineering science elective. The revised
concentration totaled 128 hours and contained 14-16 hours of biological science, depending upon
the engineering electives that were selected, with 7 hours of biological science that were not
double counted with engineering topics.

One of the factors that influenced the decision to move from BAE 235 to BIO 125, in addition to
the drop in student satisfaction with the 3-hr course and the problems with space allocation for
the lab, was the difficulty encountered with introducing engineering content into BAE 235.
Students who were on track within the BE degree program had completed 8 hours of physics, 8
hours of inorganic chemistry, 12 hours of calculus, 3 hours of introduction to biological
engineering and computing, and 4 hours of statics when they took BAE 235. Thus, even if they
were on schedule, which many of them were not, they had only completed 7 hours of
engineering courses and had very little engineering knowledge that could be used as background
for the topics covered in BAE 235.

Another factor that was influential was an increase in the number of students who had credit for
BI1O 125 before they matriculated in the BE degree program. These students were allowed to
count their biology credit for BAE 235 if they took an additional 3-hr engineering course.
During 1998 and 1999, between 22% and 25% of the juniors who enrolled in BAE 465:
Biomedical Engineering Applications, the first course specifically for Biomedical Engineering
concentration students, had not taken BAE 235 because they had received credit for general
biology.

Based on the datain Table |, the decision to drop BAE 235 and to have students take general
biology appearsto be in line with what most ABET-accredited BME programs require.

Dropping BAE 235 also freed up the faculty resources that were needed to develop and teach the
junior-level coursein engineering physiology that is described in the following section. The
main disadvantage for our studentsis that they are now forced to learn biology in alarge lecture
section (average size of 126 in spring 2000) rather than in a small, interactive class. Another
disadvantage is that they now take only one departmental course in the spring of their sopphomore
year instead of two. The main advantage for students who do not have prior credit for general
biology is that they have more than one lecture section and multiple lab sections to choose from
so it should make it easier for them to develop course schedules.
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[l. Integrating Engineering with Physiology

The proposed B. S. in Biomedical Engineering, which should go into effect in the fall of 2001
and will be accredited under the Bioengineering criteria, has the same requirement for 7 hours of
biological science courses as the Biomedical Engineering concentration in the BE degree
program. BAE 381: Human Physiology for Engineers, which has 3 hours of biological science
and 2 hours of engineering science, is anew course that is required for the BME degree program.
Having a course that contains both engineering and physiology increased the amount of
biological science in the curriculum to 16 hours with 8 hours not double counted with
engineering credits and helped meet ABET’ s EC2000 criteria for Bioengineering, which states
that students should have “an understanding of biology and physiology.”

Getting permission to develop BAE 381 ran into problems with the Zoology Department whose
members were reluctant to endorse a physiology course that was taught outside of their
department. The Zoology Department teaches a 4-hr human anatomy and physiology course
(20O 212) that could not be added to the BME curriculum because it would put the total number
of hours over the 128-hr maximum. In addition, ZO 212 is only taught during the summers,
which would cause scheduling problems for students. The Zoology Department also teaches ZO
421 Principles of Physiology, a 3-hr course that requires the second semester of organic
chemistry (CH 223), which is not required for the BME curriculum, and ZO 250: Animal
Anatomy and Physiology, a4-hr course that has an additional 4-hr course, ZO 150: Animal
Diversity, as a prerequisite. Thus, the alternative 3-hr physiology course has too many
prerequisites, which the Zoology Department was unwilling to waive for BME students, for it to
fit within the 128-hr curriculum. Since they could not provide an appropriate alternative, the
Zoology Department reluctantly endorsed the development of BAE 381.

The overlap between ZO 421 and BAE 381 isrestricted to the basics of physiology. The course
description for ZO 421 states that the course provides “a comprehensive survey of the processes
involved in the function of specialized cells, tissues and organ systems with emphasis on basic
concepts with orientation toward mammalian and human systems” while the course description
for BAE 381 states that this course provides “a quantitative approach to human physiology from
the biomedical engineering perspective with emphasis on measurement methods and
mathematical modeling of cellular physiology, membrane dynamics, feedback and control, and
selected organ systems with computer-based laboratory exercises and homework.”

BAE 381 has two required textbooks, one from human physiology’ and one from biomedical
engineering®. Additional resource books will provide examples from mathematical physiology®
and with MATLAB® and SIMULINK® (The Mathworks, Natick, MA) for systems analysis and
simulations'®*?. The course description and syllabus are available at
http://www.bae.ncsu.edu/bae/courses/bae381. What will work and what won'’t during the first
offering of BAE 381 are still unknown, but the existence of engineering physiology coursesin 11
ABET-accredited BME programs suggests that the course should provide a useful approach for
integrating engineering and biology.

Proceedings of the 2001 American Society for Engineering Education Annual Conference & Exposition
Copyright ©2001, American Society for Engineering Education

1099 abed



Tablel: Hours of Biology and Physiology in ABET Accredited BME Programs

ABET accredited programs Total General, Physiology | Engineering
(Bioengineering criteria) Semester Cellular, or (hrs) Physiology
(hrs) Molecular (hrs)
Biology (hrs)
Arizona State University 128 4 4
Boston University 136 4 4
Case Western Reserve 129 6
University
Catholic University of America 128 4 4
Duke University 113 3-4* 4*
Johns Hopkins University 124.5 4** 6
Louisiana Tech University 128 7
Marquette University 133 9 3*
Milwaukee School of 210 4 8
Engineering (qtr)
Northwestern University 192 4 8
(qtr)
Rensselaer Polytechnic Institute 127 4 4
Syracuse University 132 4 8
TexasA & M 135 8
Tulane University 129 4 8
University of California, San 192 24 12
Diego (qtr)
University of Illinois, Chicago 128 5 8
University of lowa 128 4 4
University of Miami 134 5 3
University of Pennsylvania 125 4.5 3
Vanderbilt University 128 8 6
Wright State University 202 4 9
(qtr)
*Elective

**Taught in BME Department
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Tablell: NC State Enrollment History

Y ear Total spring All spring BAE 235  Percent total

under graduate biological studentsin all
enrollment science cour ses biology cour ses

1994 17,199 608 - 35

1995 17,343 590 28 3.6

1996 17,301 674 25 4.0

1997 17,443 688 27 4.1

1998 17,977 769 29 4.4

1999 17,974 767 21 4.4

2000 18,032 780 - 4.3

Tablelll: Sample Homework Problemsfor BAE 235

Find one newspaper, scientific journal, or magazine article that focuses on an engineering
application that uses organisms from the Kingdom of Monera and was published in 1998. (a)
Turn in acopy of thefirst page of each article. Write the title and source (volume, date, page) on
thefirst page if they do not appear there. (b) Write a one-page summary of the article which
identifiesits biological and engineering relevance.

The sphere, rod, and rectangular parallel epiped represent common shapes for different living
cells. Assume that you have 3 cells: a sphere, arod (modeled as a cylinder), and a rectangular
parallelepiped. Assume that the volume of each of the cellsis 1 ml (1 ml = 1 cm®), that the
diameter of the sphere and the rod are equal, and each of two sides of the rectangular cell equals
the radius of the sphere. What are the surface/volume ratios for these shapes? Show your
calculations. Why might a given weight of small cells be more metabolically active than the
same weight of large cells?

Briefly describe how wine (yogurt, cheese, or beer) is made. What biological and engineering
issues are important in large-scale commercial operations that make wine (yogurt, cheese, or
beer)?

Assume that the maximum tolerable temperature rise for adividing cell is 10-deg C. (a) Assume
that the E. coli bacterium in Figure 3.20 (p. 60) is spherical in shape and has a diameter of 1
micrometer. How quickly could it divide? (b) Assume that the same E. coli cell spends three
times as much time growing between divisions as it does dividing. How much time would it take
for a single bacterium to result in approximately a million offspring?

Assume that the maximum tolerable temperature rise for adividing cell is 10-deg C. Calculate
the minimum division time for cells with radii of 0.005 cm, 0.5 cm, and 5 cm. Express your
resultsin s, min, or days, depending upon what is appropriate.
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