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PURPOSE
1. This course provides STEM majors with es-

sential skills for the

(a) construction,

(b) analysis, and

(c) simulation

of mathematical models of biological sys-
tems.

2. Students will become active members of a
community of research and scholarship by,

• contributing to a collaborative research
project,

• documenting their research in the form
of a journal article,

• delivering a formal research presenta-
tion.

METHODS
• Lecture and discussion are used to intro-

duce the core content.
• Power point presentations support lecture

and student learning, by providing

1. a succinct summary of major points

2. visualizations of the conent

3. homework questions.

• Research articles serve to

1. place the content in context,

2. broaden the student’s perspective,

3. supplement the results of lecture.

• Research projects

1. provide experiential learning and

2. give students the opportunity to col-
laborate and

3. improve their scholarship.

• Hands on tutorials help students lean com-
putational skills.

SAMPLE MATERIALS (SIR)

Figure 1 Figure 2

Figure 3 Figure 4

RESEARCH PROJECTS IN PROGRESS

1) Modeling Ebola: An outbreak of Ebola is un-
derway in West Africa. Build a model of an Ebola
epidemic. Collect data on this and previous out-
breaks in order to estimate important parameters
for the disease. Consider the model’s ability to
describe this current outbreak, and also its predic-
tions for the future.

2) Cryptococcus: Cryptococcosis is an opportunis-
tic infection. Research conducted at MTSU indi-
cates that cells that are infected with Cryptococcus
exhibit delayed and sustained NF-κB activation
in response to LPS. Build a mathematical model
of NF-κB activation in Cryptococcus-infected cells.
Simulate the model in order to test its ability to
provide a qualitative description of the data and
make testable predictions.
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PREREQUISITES
1. Calculus I and II

2. Basic matrix algebra

COURSE CONTENT
• Model construction
• Fundamental models of biochemical reac-

tions

– Mass action kinetics

– Michaelis-Menten kinetics

• Fundamental models of epidemiology

– The basic SIR model and its variants

• Qualitative analysis of systems of au-
tonomous differential equations

– Phase plane analysis

– Linear stability analysis

– Lyapunov methods

• Numerical simulation of systems of differ-
ential equations.

• Statistical analysis of biological data.

MATERIALS
The following materials have been developed to
support this course:

• a series of power point presentations with
exercises and solutions,

• Matlab tutorials,

• Matlab programs to simulate model sys-
tems,

• a collection of related journal articles.

The following materials are under development:

• a public webpage to showcase student re-
search,

• a glossary of terms,

• video lectures.


