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REQUEST FOR APPROVAL OF
A SEQUENCE OF A DEGREE PROGRAM

Institution: Illinois State University

Responsible Department/School or AdministrativeUnit: Department of Biological Sciences

Proposed Program Title: M.S. Sequence in Biomathematics

Previous Program Title (if applicable): NA

CIPS Classification (applicable to new program):26.0101

Date of Implementation: Summer 2007

Background and Justification: Mathematics pervades biological research. Nearly all
sophisticated biological research makes use of applied statistical techniques of varying
degrees of complexity in designing and analyzing experiments.Application of those
techniques is vital to the interpretation of biologicaldata. Models constructed of differential
equations or of difference equations (in both cases both deterministic and stochastic) are
widely employed in the fields Qfecology, evolutionarybiology, population genetics,
epidemiology, and physiology to describe biologicalphenomena, and to make predictions of
future events or responses to experimental intervention. Game theory is widely applied in
evolutionary studies of animal behavior in order to understand the fitness effects of
behavioral decisions. The growing field ofbioinformatics (using computer-intensive methods
to extract infonnation from enonnous data bases such as sequences of nucleic acids or
proteins) makes use of statistics, probability theory, computer intensive methods, and graph
theory to detect patterns in large data sets and to interpret those patterns. At some level all
biologists make use of the tools of mathematics,but it is increasingly obvious that there is a
prominent research role for scientists working at the interface of Biology and Mathematics,
having greater mathematical sophisticationthan the typical biologist, and greater knowledge
of biology than the typical mathematician. The increasing application of mathematics to
biological problems has led to us to develop a MS sequence in Biomathematics. This MS
sequence will be enable biologists to pursuing careers in Biomathematics.

Description of Proposed Program: We propose that M.S. graduate students in the Sequence in
Biomathematics will take a set of core courses that will provide students with the
mathematical underpinning for applications of mathematics to biology. We propose this M.S.
sequence through the Department of Biological Sciences because all sequences are
administered within a department. However, the sequence and training will be
interdisciplinary, and will start with core courses from the Department of Mathematics to
provide the students with a strong foundation. After the core courses the students can choose
from two sets of electives that provide training emphasizing either Biological Statistics and
Modeling or Computation and Bioinjormatics.The need for additional courses will be
detennined by faculty advisor, student, and the student's graduatecommittee. The objectives
of the proposed sequence include: (1) To provide a cross-disciplinarybut focused learning
environment for students enrolled in the Sequencein Biomathematicsthrough participation

Biomathematics M.S. Sequence - Department of Biological Sciences 1



in a cohesive curriculum designed to improvethe students' skills in applications of
mathematics to biological problems. (2) To demonstrate to prospective students that this is a
unique training opportunity offered by collaborating lSD faculty that work at the interface of
these fields. (3) To enhance the effectiveness ofthe graduate training sequence by creating a
'cohort' experience for new graduate students. (4) To establish a cohesive set of research,
learning, and training opportunities for graduate students.

M.S. Sequence in Biomathematics. 30 h required**, including thesis (minimum of 4
credits BSC 499).

**Most students in this sequence will be required to take 33 h, 3 more than the minimum
required for a MS in Biological Sciences. This added requirement reflects the interdisciplinary
nature of this sequence: MS students in this sequence must know a considerable amount of
biology and have a firm grounding in mathematics, including differential equations (vital for
modeling) and statistical theory (vital for statistical approaches to biological research). This
small increase in hours is justified because without it, students would not have sufficient training
and knowledge of both mathematics and advanced biology: Therefore the core of oui program
requires 4 mathematics courses at the 300-level which will give a biological sciences graduate
student the necessary background to pursue successfully research at the interface of biology and
mathematics. Students who have a stronger undergraduate training in mathematics will likely not
need to take all of the mathematics classes in the core and thus could complete their degree
within 30 credit hours. The addition of 3 h (i.e., one additional course) should not delay students
inordinately in the pursuit of their degree.

Sequence structure: The core courses include: thesis research in the Department of
Biological Sciences, a seminar (taken twice for different topics of current research in
biomathematics), and a set of Mathematics classes that are essential for providing
background for biologists to conduct research in Mathematical Biology. In addition,
students must take at least 14h of coursework chosen from the electives listed below. A
minimum of 13h outside the core must be at the 400 level. At least 12 h of Biological
Sciences courses outside the core must be included. Transfer credit may be granted for
MAT 340,341,350, or 351, provided that at least 2 Mathematics courses are taken
while in residence at lSD.

Prerequisites: 2 semesters of calculus, 1 semester of linear algebra.

Emphases and advisement: Each student in the sequence selects one of the following
emphases: (1) Biological Statistics and Modeling, or (2) Computation &
Bioinformatics. Each student's thesis committee will guide the research and choice of
courses outside of the core, including any additional courses necessary for the
particular student's project.

Core courses (taken by all M.S. students in the sequence):BSC 420.36 Seminar in
Biomathematics (1 h, taken 2 times for total 2h, different topics are addressed each
semester); BSC 499 Thesis Research (4 h); MAT 340 Differential Equations I (3 h);
MAT 341 Differential Equations II (3 h); MAT 350 Applied Probability Models (4 h);
MAT 351 Statistics and Data Analysis (4 h).
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Emphasis in Biological Statistics and Modeling: Electives:BSC 343 Neurobiology (3
h); BSC 403 Plant Ecology (4 h); BSC 404 PopulationEcology (4 h); BSC 405
Community Ecology (4 h); BSC 450.37 Advanced studies in Biostatistics (3 h); BSC
471 Evolutionary Population Genetics (3 h), BSC 486 Ethology (4 h); MAT 353 Time
Series (4 h); MAT 356 Stat. Computing (4 h); MAT 362 Linear Program (2-4 h);
MAT 378 Mathematical Modeling (4 h); MAT 450 Finite Sampling (3-4 h); MAT 453
Regression (3-4 h); MAT 455 StochasticProcesses (3-4 h); MAT 456 Multivariate
Statistics (3-4 h); MAT 458 Design of Experiments(3-4 h).

Emphasis in Computation & Bioinformatics: Electives: BSC 350 Molecular Biology (3
h); BSC 353 Biotechnology Laboratory I: DNA (3 h); BSC 355 Genomics &
Bioinformatics (3 h); BSC 415 Advanced Cell Biology (3 h); BSC 419 Molecular
Biology of the Gene (4 h); BSC 467 Microbial Genetics (4 h); BSC 470 Evolution (3 h);
BSC 417 Evolutionary Population Genetics (3h); MAT 356 Statistical Computing (4 h);
MAT 361 Discrete Math (2- 4 h); MAT 363 Graph Theory (4 h); MAT 461 Advanced
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Core Courses
Course Hours Status
Seminar in Biomathematics BSC 420.36 2 total (1 Offered

h - taken
twice)

Research in Dept of Biological Sciences BSC 499 4 Offered
Differential Equations I MAT 340 " Offered.)

Differential Equations II MAT 341 3 Offered
Applied Probability Models MAT 350 4 Offered

Statistics and Data Analysis MAT 351 4 Offered

Electives - Choice of Classes in One of Two Emphases to Fulfill Focused Training in
Biology and Additional Electives for Further Training
Emphasis in Biolo!!ical Statisticsand Modelinf! (12 credits required)
Neurobiology BSC 343 3 Offered
Plant Ecology BSC 403 4 Offered
Population Ecology BSC 404 4 Offered

Community Ecology BSC 405 4 Offered
Advanced Studied in Biostatistics BSC 450.37 3 Offered
Evolutionary Population Genetics BSC 471 3 Offered
Ethology BSC 486 4 Offered
Additional Electives for Emphasis in Riolo/deal Statistics and Modelinf!
Time Series MAT 353 4 Offered
Statistical Computing MAT 365 4 Offered
Linear Program MAT 362 2-4 Offered
Mathematical Modeling MAT 378 4 Offered
Finite Sampling MAT 450 3-4 Offered
Regression MAT 453 3-4 Offered
Stochastic Processes MAT 455 3-4 Offered



Credit Totals - BSe 19h MAT 14h.

Catalogue Copy:

Master's in Biological Sciences

. . . sequence within the M. S. program in (1) Behavior,Ecology, Evolution, and Systematics
(BEES), (2) Biomathematics, (3) Biotechnology,or (4) Conservation Biology, each of which...

Biomathematics: Students in the Department of Biological Sciences may elect to
pursue a sequence in Biomathematics,a course of study that provides students with a
unique and strong cross-disciplinarytraining in biology and mathematics. The
sequence is designed first to give studentsa solid foundation in mathematics (core
courses), then training in one oftwo biological areas that use specific types of
mathematical applications to address biologicalquestions (emphases). Before entering
the sequence, students should have 2 semestersof calculus and 1 semester of linear
algebra. This is a 30 hour program including 2 hours ofBSe 420.36 and 4 hours of
thesis Bse 499. All students are required to take the sequence core courses of 20
hours (BSe 420.36, BSe 499, MAT 340, MAT 341, MAT 350 and MAT 351).
Transfer credit can be offered for the core math classes provided that students take at
least 2 courses from the Mathematics departmentwhile at ISU. In addition students
will choose 14hours of electives from two areas of emphasis, with a minimum of 12
hours from the Department of Biological Sciences. A minimum of 13 hours outside of
the core courses must be at the 400 level. The areas of emphasis and their courses are:
Emphasis in Biological Statistics and Modeling with a choice of courses from BSe
343, BSe 403, BSe 404, BSe 405, BSe 450.37, BSe 471, BSe 486, MAT 353, MAT
356, MAT 362, MAT 378, MAT 450, MAT 453, MAT 455, MAT 456, MAT 458; or
Emphasis in Computation & Bioinformatics: with a choice of courses from Bse 350,
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Multivariate Statistics MAT 456 3-4 Offered
Design of Experiments MAT 458 3-4 Offered

Emphasis in Computation and Bioinformatics (12 credits required)
Molecular Biology Bse 350 3 Offered
Biology Technology Lab. I: DNA BSe 353 3 Offered
Genomics and Bioinformatics BSe 355 3 Offered
Advanced Cell Biology BSe 425 3 Offered
Molecular Biology of the Gene BSe 419 4 Offered
Microbial Genetics BSe 467 4 Offered
Evolution Bse 470 3 Offered
Evolutionary Population Genetics BSe 471 3 Offered
Additional Electivesfor Emphasis in Computation and Bioinformatics
Statistical Computing MAT 356 4 Offered
Discreet Math MAT 361 2-4 Offered
Graph Theory MAT 363 4 Offered

Advanced Topics in Discreet Math MAT 461 3-4 Offered



BSC 353, BSC 355, BSC 415, BSC 419, BSC 467, BSC 470, BSC 471, MAT 356,
MAT 361, MAT 363, MAT 461. For further information, see the Department's Web
site at www.bio.ilstu.edu.

Rationale for Proposal: The proposed MS sequence is the central feature of the College of Arts
and Sciences Program of Excellence in Biomathematics. MS students in this program will
benefit by receiving training in a rapidly growing field at the intersection of biology and
mathematics. Because the program has two distinct tracks with different emphases, a broad
range of students can benefit from the program. Students with interests in Biomathematics
cannot readily pursue a graduate degree at lSU at this time. Though the current graduate
training in Biological Sciences is strong, there is no coordinated way of meeting the needs of
students with interests in Biomathematics. Because we envision a diversification of research
questions pursued by faculty participating in the Program of Excellence in Biomathematics,
opportunities for mathematically oriented MS research in Biological Sciences will benefit
graduate students beyond this sequence.

Expected Impact of Proposal on Existing Campus Programs: The proposed Biomathematics
M.S. Sequence will not negatively affect other existing campus programs. We anticipate that
the creation of the Sequence will help to attract a modest number (2-4 per year) of high
quality M.S. students to the Department of Biological Sciences graduateprograms. The
program has the capacity to accept these additional students

Curricular Changes Including New Courses: There will be one new course BSC 420.36 (1 h),
which is a seminar course focused on readings in current research in Biomathematics; it has
already been approved. Graduate seminar is a feature of all graduate programs in biology.
They serve the purpose of engaging graduate students in critical thinking and discussion on
advanced research topics. lSD's existing graduate seminars in Biological Sciences (BSC
420.xx) focus on topics in Biology, and do not provide students with interdisciplinary
discussion in Mathematics and Biology. This seminar provides that interdisciplinary focus
and is thus the cornerstone of the developing Program of Excellence in Biomathematics. This
course will be required of all students in the MS sequence in Biomathematics.

Anticipated Staffing Arrangements: Except for the new seminar course, BSC 420.36, which
has recently been approved, all courses required in the Sequence are already being taught,
hence are already integrated into regular course schedules and teaching assignments.

Anticipated Funding Needs and Source of Funds: Establishment of the Sequence requires no
new funds. However, we will be using funds awarded by Dean Olson as part of the Program
of Excellence to assist in recruitment of high-caliber research-oriented M.S. students via
summer research fellowships.

Example Plans of Study
For a student with an Emphasis in Biological Statistics and Modeling

core- BSC499(4 h), MAT340(3 h), MAT341(3 h), MAT350(4 h) andMAT351(4 h),
with 2 semesters ofBSC 420.36 (1 h taken twice for total of2 h).

electivesfor the emphasisandBiologyrequirement- BSC404(4 h), BSC450.37(3 h), BSC
486 (4 h), BSC 471 (3 h).
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For a student with an Emphasis in Computation& Bioinformatics
core - BSe 499 (4 h), MAT 340 (3 h), MAT 341 (3 h), MAT 350 (4 h) and MAT 351 (4 h),

with 2 semesters ofBSe 420.36 (1 h taken twice for total of2 h).
electivesfor the emphasisandBiologyrequirement- BSe415(3h),Bse 419(4h),Bse 470

(3 h), BSe 471 (3 h).
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ILLINOIS STATE
UNIVERSITY

..

313 Stevenson Hall
Campus Box 4520

Normal, IL 61790-4520

Telephone: (309) 438-8781
Facsimile: (309) 438-5866

COLLEGE OF ARTS AND SCIENCES

j'yfathematics Department

September 25,2006

Steven Juliano
Diane Byers
Department of Biological Sciences
Illinois State University
Normal, IL 61790-4120

Steven and Diane,

We strongly support the proposal from Biological Sciences for a Sequence in Biomathematics.
We also understand that the MS students pursuing the proposed Sequence in Biomathematics
will be taking the Mathematics courses that are part of the core of that sequence (MAT 340, 341,
350,351). Our department can assure you that those studentswith sufficientpreparation will be
able to enroll in these courses, as well as any of the elective courses that count toward meeting
the sequence requirements.

The Mathematics Department is in the process of developing a parallel Sequence in
Biomathematics for our own MS program.

Please let me know if you need more information from our department.

Sincerely,

v
George Seelinger
Chair, Mathematics Department

An equal opportunity/affirmative action university etlcouraging div'etJity


