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To keep pace with rapid advancements in biology in the 21st century, a zero-based undergraduate
curriculum revision was conducted at the Clemson University Biosystems Engineering program that
incorporated more advanced biological sciences and biological engineering design while maintaining
the basic engineering courses. The zero-based review incorporated surveys to both graduating
seniors and advisors from biotechnology and the biopharmaceutical industry.
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INTRODUCTION

A ZERO-BASED REVIEW of the curriculum
requires utilizing inputs from students, industry
advisors and faculty based on strengths of the
previous curricula, but emphasizing that signifi-
cant changes need to be administered from the
ground up based on content that better suits
today’s rapidly changing needs.

Nine months for a zero-based curriculum revi-
sion was the scenario set by the Provost in a
massive overhaul of all undergraduate curricula
at Clemson University. The target with maximum
credit hours of 120-128 has been set. We will
reduce this from 135 to 128 hours after many
changes including deleting 10 hours of electives.
Our life science course requirements include basic
biology, microbiology, biochemistry (all with
laboratories), and the recent addition of an
advanced biology requirement option (selected
courses from genetics, cell biology, industrial
microbiology, etc.) in the applied biotechnology
concentration. General education requirements
were reduced university-wide, but the possible
addition of two portfolio hours was suggested
(one in the freshman year to begin the process
and one in the senior year for completion). The
student would save their portfolio information to
CD to take with them at graduation. The portfolio
would also serve as an assessment tool for
university review.

The biological engineering curriculum and inno-
vative changes have been addressed for land-grant
universities in the last decade [1, 2] including
enhancement of curriculum with the addition of
numerical modeling techniques at the undergrad-
uate and graduate levels [3-5]. Change to a more
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efficient biological engineering curriculum was
accomplished by reducing overall hours and ulti-
mately moving toward more theory-based, bio-
based and hands-on applications that allow for
diverse opportunities at graduation. An advanced
life science or biotechnology course was also added
to strengthen communication skills in biology,
which also distinguishes the program from other
undergraduate engineering programs now consid-
ering the addition of biochemistry introductory
courses (e.g. chemical and environmental engin-
eering). The time is now right for critical changes
to take place. The time is now for zero-based
review, which is a process that should be repeated
as often as possible to keep abreast of the amazing
pace of technology in biology-based engineering
and science professions.

Our zero-based review began with establishing
core concepts of biosystems engineering, including
the fundamental aspects of transport phenomena
related to biological systems. Several courses on
the verge of being dated were then deleted. New
courses were added and several courses changed
substantially based on the teaching of core
concepts. The next step was to diversify the curri-
culum to encourage obtaining minors including
environmental science, biomedical engineering
(bioengineering), and a life science cluster, with
cross-listed courses. Pre-medicine is certainly
another very attractive option where biological
engineering students with GPA’s higher than 3.0
enjoy nearly 80% acceptance rate to medical
schools. The next step considered a modular teach-
ing system, where specific module topics are devel-
oped from theory-based applications in biological
systems engineering to be taught in the appropriate
course. The key element must be to ensure that
module ideas are first developed by brainstorming
current concepts and applications and are not
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based solely on material previously taught. The
module information would ultimately be accessible
electronically for review by students progressing
through the program, if the course instructor
chooses to do so.

Finally, courses were proposed in senior engin-
eering and science options that would apply to new
BS/MS five year curricula, where six hours of
senior/graduate level courses are applied to a
master’s degree in biological engineering for
students accepted after their junior year. The
department would also provide engineering expert-
ise to a newly proposed biotechnology BS/MS
degree program (offered through the genetics
and biochemistry department). Undergraduate
research should be heavily encouraged and would
serve as an effective recruiting tool. Suggested MS
curricula would diversify the student’s knowledge
by requiring at least one course from the following
areas: biological engineering, advanced life
sciences, mathematics and statistics, other engin-
eering, and advanced (professional) writing. A
course in entrepreneurship, business management
orengineering economics would also be encouraged.

A new movement at Clemson to tie together the
biological based fields was established and tenta-
tively named Bio3, which establishes research
emphasis in three areas: (1) biotechnology (e.g.
CU Genomics Institute), (2) biomedicine (e.g.
Bioengineering) and (3) bioprocess technology
(e.g. Biosystems and Chemical Engineering
programs) all with overlapping areas in biomater-
ials and outreach that includes an established
DNA learning center.

A zero-based curriculum revision was conducted
for the biosystems engineering program at Clemson
University to accomplish a needed thorough revi-
sion process that should occur every five to ten years
to keep pace with a rapidly evolving field of biology-
based engineering, while achieving a recently
required university-wide reduction in course
hours for all programs at Clemson University.

PROGRAM HISTORY

The Clemson University Biosystems Engineer-
ing program developed out of a traditional Agri-
cultural Engineering program that originated in
1933. Similar to many other programs around the
country, particularly in peripheral states to the
agricultural belt in the Midwest, enrollment
suffered in the 1980’s due to the end of a very
successful ‘green’ revolution that depleted initial
fears of food shortage post World War II. A shift
from an applied engineering role concerning
primarily plant, animal, soil and water engineering
to a biological science-based curriculum that is
more comparable to chemical and environmental
engineering with their sciences based primarily in
basic chemistry and environmental sciences,
respectively.

In the 1980’s, the department contained four

concentration areas, one of which was food engin-
eering, which was later removed due to low enroll-
ment. In the late 1980’s, two of the concentration
areas were replaced with Applied Biotechnology
(AB) and Natural Resources and Environment
(NRE) areas when student enrollment numbers
were the lowest in the program’s history due to a
decrease in traditional agricultural engineering
related employment opportunities. However, the
traditional Agricultural Engineering (AE) area was
maintained as the third concentration, but recently
removed with the new curriculum changes. Enroll-
ment in biosystems engineering steadily increased
in the 1990’s with previous significant changes
made toward a biologically-based engineering
curriculum. The current enrollment has been
steady and partially shifting toward the applied
biotechnology concentration.

The biological sciences have developed rapidly
since the initial age of biotechnology with the
established areas of genomics, proteomics and
metabolomics, which have led to many new
patents, primarily in agricultural and medical
biotechnology, and have initiated exciting new
areas of gene therapy, regenerative medicine, and
biopharmaceutical engineering.

Another graduate program in biomedical engin-
eering under the name of Bioengineering was
developed at Clemson in 1963 (one of the first
world-wide) within a separate department that is
presently administered under the College of En-
gineering and Science (CES). The Biosystems en-
gineering program, which focuses more on
bioprocessing and natural resources engineering
is jointly administered through the College of
Agriculture, Forestry and Life Sciences (CAFLS)
and CES.

INDUSTRY SURVEY OF CURRICULA

A survey of the current curricula was given to
two groups. The first group targeted the NRE and
AE concentrations and was conducted at a South
Carolina state ASAE State Section meeting held in
Columbia, SC in May 2004. The second group
targeted primarily the AB and NRE concentra-
tions and was conducted via email to selected
industry advisory board from industries including
Amgen, Martek Biosciences, Meadwestvaco and
Sigma Genesys. Although the faculty voted to
remove the AE concentration, the concentration
was still evaluated by the industry panels for their
feedback.

The survey contained four sections including a
profile section, ABET Eleven section, Biosystems
engineering concentrations section, and a
comments section that requested the reviewers to
list ten criteria that would suggest strengths and
improvements to the program to better prepare
engineers for the industry.

Overall, thirty-one participants responded to the
survey with the following profile:
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® 88% were practicing engineers and 69% were
licensed engineers;

® 65% were involved in engineering design and
35% were in engineering management;

e 23% were employed by private industry while
50% were public sector, 19% were consulting
engineers and15% were involved in the regula-
tory agencies;

® 34% were involved in environmental industries,
20% in biotech industries and 46% in agricul-
tural industries;

® (2% graduated pre-1989 while 81% graduated
from a Biosystems (formerly Agricultural) En-
gineering type curriculum and 50% graduated
from Clemson University.

The ‘ABET Eleven’ outcomes were eleven positive
statements rated on a scale of one to five. The
average response on these eleven statements was
4.4, a very favorable result, indicating that the
curriculum has traditionally been very effective in
accomplishing the eleven outcomes adopted by
ABET as indicating a ‘good’ curriculum/program.
The sections related to the three curriculum
concentrations labeled AE, NRE and AB were
structured and scored in the same manner as the
ABET Eleven. The average responses for these
three sections were 4.0.

Suggestions were made for improvement to meet
biosystems engineering and environmental indus-
try goals and are based somewhat on frequency:

® incorporate greater process control, PLC logic,
and computational capabilities from a biopro-
cessing point of view to better prepare students
for an increasing demand for automation and
robotic devices common to biotechnology;

® greater exposure to real-life problems in the
industry with suggestions of more contact
through technical tours, invited speakers from
industry, form design teams with actual industry
problem identified and greater encouragement
of internship or particularly co-op experience;

® increase emphasis on project management
courses and marketing skills to suit both scien-
tific curiosity and meet profit margin objectives;

® emphasis on leadership and team activity with
suggestions that design teams are formed with
industry input with team members that choose a
leader, design engineers and a marketing engi-
neer;

® greater hands-on experience in bioreactor design
and sterilization issues including capabilities not
only in microbial and mammalian systems, but
also experience with plant and insect cell sys-
tems;

® greater emphasis on recovery and purification
technologies normally performed by bioche-
mists, but at the engineering level;

® include site preparation design, storm water
management, groundwater flow and waste
water systems, structural design (especially con-
crete) and soil mechanics;

® include environmental regulations and a general

knowledge of government and ‘common law
principles’;

® maintain a broad curriculum especially with
shrinking hours without removing engineering
courses, but allow specialization if possible.

Results indicate that because most of the respon-
dents were at least mid-career, the traditional
curriculum ranked well with current ABET
‘outcomes’ to which the current curriculum is
held. The curriculum has traditionally been
broad and based on fundamentals. The insertion
of emphasis/concentration areas in 1989 repre-
sented an attempt to allow some specialization
without losing the breadth of the program. That
principle still dictates to a significant degree the
philosophy of the current curriculum. Career
experience has not changed the respondents’
ideas regarding curriculum fundamentals, but
may be responsible for the call for communication
skills and familiarity with the real world of regu-
latory and governmental controls and business/
project/personnel management.

Clearly, the industry panelists emphasize greater
real-world, hands-on problem solving experiences
that also include project management, marketing
and teamwork goals. To address these concerns
from a zero-based review, the content of all courses
was mapped within biosystems engineering. For
instance, greater emphasis on biosystems engineer-
ing process control may be achieved in the instru-
mentation courses. Specific topics in bioreactor,
downstream recovery and purification operations
will be further developed in several courses includ-
ing the kinetics, biochemical engineering and
bioprocessing laboratory courses to meet the
hands-on objectives. Developing a rigorous
senior capstone design course that incorporates
much of the suggestions given by industry
reviewers will be suggested in a format that em-
phasizes the team aspect with a chosen team leader
and a specific faculty member who oversees the
progress. Specific roles would be given for the team
members to include marketing engineering. Several
courses with project management and marketing
goals will be emphasized under the flexible senior
engineering option courses.

SENIOR STUDENT CURRICULA SURVEY

With any major changes to a curriculum, the
student input must be closely noted to direct the
program not only with the movement of the field,
but with the student interest since they will ulti-
mately mold the field in the future. Many of the
students moving into this overlap of basic biologi-
cal sciences and engineering are very bright and
tend to take a strong interest in the field and its
developing curricula. A strong creative instinct
often exists and is highly regarded since the devel-
oping industries are in great need of new ideas to
solve complex problems inherent of engineering
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Table 1. Average score from exit survey for class of 2003-04

Chemistry 30
Computer utilization 3.0
English composition/Writing 34
Engineering (major field) 2.7
Engineering (other fields) 33
Social science/Humanities 3.5
Mathematics 3.0
Physics 3.0

within biotechnology. Although some surveys are
evident as a ‘venting’ tool for disgruntled students,
many suggestions for improvement are often extre-
mely helpful for shaping the curricula of the future.
The student surveys are given to both students
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entering the discipline and students graduating.
The student ‘exit’ surveys are given to graduating
students. The survey is accompanied by an exit
interview to better interpret the results and to
accomplish additional feedback that may other-
wise be lost through a written format.

As with the ABET Eleven, part of the exit survey
instrument was based on an opinion ranking of
one (inadequate) to five (too much) of areas of the
curriculum. These areas and their average score for
the class of 2003-04 are shown in Table 1.

One question ranged from ‘too specialized’ (1) to
‘about right’ (3) to ‘too general’ (5). The average
score was 3.8, indicating student opinions were
between approximately correct and somewhat
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Fig. 1. Proposed Biosystems Engineering undergraduate curriculum.
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too general. While this fact is not to be discounted,
it may relate to students that typically wish they
could take more courses they see as directly related
to their area of interest, which is generally more
applied. One question sought the students’ satis-
faction level related to the overall curriculum,
ranging from ‘totally dissatisfied’ (1) to ‘comple-
tely satisfied’ (10). The student response to this
question averaged 7.25, indicating a significant
degree of satisfaction.

RECENT CURRICULAR CHANGES

The changes made by the curriculum committee
and voted on by the whole faculty during dedi-
cated retreats were compiled over a year with the
input from the student and industry surveys.
Figure 1 shows the proposed curriculum and was
presented to the curriculum committees of both
colleges for approval in late Fall, 2004. The courses
for both concentrations are listed for each semester
with the basic engineering course, followed by
basic science and mathematics courses. Other en-
gineering courses, humanities and related courses
are then listed for each semester.

The two concentrations are represented to show
differences noted by underlining the Applied
Biotechnology concentration, and the Natural
Resources and Environment concentration differ-
ences are shown in parenthesis. The footnotes
represent options and how the proposed minors
and premedicine option fits in the curricula. The
Engineering options during the senior year may be
taken towards a S5-year BS/MS degree if the
student meets requirements and is accepted after
the junior year. The two concentrations are
common in the first two years and separated by
only 18 hours, primarily in the junior and senior
years.

The significant changes from the older curricu-
lum are summarized as follows:

® deletion of agricultural engineering (AE) con-
centration;

® addition of basic biology and advanced biologi-
cal sciences option to the AB concentration and
basic microbiology to the NRE concentration;

e addition of basic kinetics, bioreactor design and
bioprocess design courses;

e deletion of 10 credit hours of electives;

® deletion and combination of existing biosystems
engineering courses;

® engineering option

courses designed for

encouraging minors in environmental, biomedi-
cal or related emphasis areas creating a signifi-
cant avenue for proposed BS/MS degree
programs in biosystems engineering and related
areas;

® biological and biochemical sciences with
required laboratories encourage greater overlap-
ping interest with pre-medicine, life sciences and
biotechnology options;

® addition of geotech, structural design compo-
nents to the NRE concentration;

® addition of a machine design component to both
concentrations to enhance biomechanical and
basic machine design content.

CONCLUDING REMARKS

The Clemson Chemical Engineering department
recently made significant changes to their under-
graduate program with additions of industrial
microbiology and basic biochemistry. These
changes are similar to the changes made to the
biosystems engineering curricula in the early 1990’s
to strengthen basic biological sciences at the under-
graduate level. Also, the Clemson Bioengineering
department has recently proposed starting an
undergraduate program. In essence, three science-
based engineering curricula would exist with
greater emphasis on biological sciences. This
trend appears to be happening on the national
scale as indicated by the American Institute of
Chemical Engineers (AICHE) creation of a Biolo-
gical Engineering Division in addition to existing
societies including the Institute of Biological Engi-
neers (IBE). The addition of basic biology,
advanced biology option and greater emphasis
on Kkinetics and bioprocessing courses in the
applied biotechnology concentration of biosystems
engineering further strengthens the biological base
and it is important to stay ahead of the wave in this
rapidly-growing interest area. Incorporation of
ideas suggested from student and industry surveys
must be considered to improve content within the
biosystems engineering courses.
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