
Conversational Mathematical Modeling of Biological Systems 
 

Instructor:  Dr. Nina H. Fefferman 
Credits: 3 
Prerequisites: General Biology 01:119:101 & 102, or equivalent, and Permission of 
Instructor 
Detailed Description: This course will be designed to provide students with enough 
understanding of the basic language of mathematical modeling so that they will be able to 
read mathematical modeling papers carefully and critically without needing the depth of 
knowledge required to able to construct competent mathematical models themselves. The 
course will cover the purpose and structure of different types of mathematical models. 
The course will cover design and validation methods. Students will be asked to 
understand the difference between descriptive and predictive models, and be able to 
detect and criticize circularity or confusion in the design of collaborative experiments that 
involve both modeling and empirical components. Students will study the basic 
assumptions involved in model choice and will learn evaluate the impact of standard 
shortcuts on the validity of the interpretation of reported results. By the conclusion of this 
course, students should be comfortable reading and interpreting mathematical models in 
the primary literature. This level of understanding will also help them to be more 
competent members of interdisciplinary teams performing research involving 
mathematical models.  
Rationale: Students in Evolution, Ecology and Natural Resources (and related fields of 
biology) are more and more taking positions after finishing their undergraduate degrees 
which will require critical reading skills of research involving mathematical modeling of 
biological systems, though may not require the depth of understanding required to build 
such models themselves. Whether these roles are as graduate student researchers trying to 
incorporate the results of these studies into their work, or as consultants, or government 
employees who will base recommendations in part on the results of mathematically based 
research, these evaluative skills will be critical to their success.  
 

Syllabus 
 

(order of topics is subject to change) 
Week 1 A Basic logic of mathematical models 
  B Simplifications: helpful abstraction vs. harmful broadbrushing 
Week 2 A Biologically vs. Mathematically driven models 

B Linear Alegbra and Projection Matrices for Population Viability 
Analysis 

Week 3 A Simple flow models (and maybe simulation experiments) 
  B Discrete vs. continuous models 
Week 4 A Arithmetic models (including linear algebraic and network) 
  B Difference and Differential equation models 
Week 5 A Differential equation models cont. 
  B Game, Decision, and Control theory models 
Week 6 A Maximal Parsimony and Hierarchical Clustering 
  B Network based Models 
Week 7 A Statistical models: descriptive and predictive 
  B  Integrating stats and math models: avoiding circularity  



Week 8 A Markov Chain Monte Carlo Analyses 
  B Agent-Based models 
Week 9 A Cellular Automata models 
  B Fitting models to observed data: what can it tell us 
Week 10 A  Student-led discussion of papers  
  B Student-led discussion of papers 
Week 11 A  Student-led discussion of papers  
  B  Student-led discussion of papers  
Week 12 A Basic measurement problems with parameters 
  B Models as a sanity check: dangers 
Week 13 A Models to answer questions we otherwise can’t explore: dangers 
  B Sensitivity of outcomes 
Week 14 A Robustness to inputs 
  B Wrap up and future directions 
 
Assessment: Class size will be limited to at most 30 students. There will be a total of 10 
short quizzes (5% each) throughout the course covering simple topics and definitions. 
Each student will be assigned a published paper involving the mathematical modeling of 
a biological system from a top tier journal. They will each write a preliminary analysis of 
the strengths, weaknesses, and appropriateness of interpretation of the model 
implementation presented in the paper as their midterm project (20%). They will then be 
returned with comments for revision, and each student will then be asked to lead an in-
class discussion about the paper (10%) and the paper, revised based on both the returned 
comments and the class discussion will be due as the course final (20%). 
 
 


