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ABSTRACT	
  
Quantitative ideas and techniques are making their way into the
Life Sciences curriculum more than ever, from courses with the
new name Biocalculus to mathematical or statistical modules
incorporated into Biology courses at various levels. The goal of
combining the mathematical
and the biological as equal
partners in a course such as
Biocalculus for beginning
college students is often
frustrated by a large portion
of the audience having
learned Calculus in high school without the Biology intertwined.
This can result in biological examples being relegated to
interesting examples in other mathematics courses or mathematical
topics being introduced as isolated black-box tools in specific
biological contexts. We report here on a new course intended to
bridge that divide by providing a survey in two dimensions:
mathematical and biological. The intention is to see both
mathematical tools used across a variety of biological contexts and
biological questions that can lend themselves to using a variety of
mathematical tools. Calculus of any flavor is the only
mathematical prerequisite for this course intended for first- or
second-year students in the Life Sciences.

OBJECTIVES	
  










Goals for the course:
convey an appreciation of the utility of mathematical modeling
to students of the life sciences
help students to build some facility with these topics so they can
act on this new sense of appreciation by using mathematical
tools
foster an understanding of how to build models, how to select
from an array of types of models, and how to assess those
choices
emphasize the importance of revision and iteration in the
modeling process based on mathematical consequences of model
choices and on data
instill a recognition of the applicability of each type of model
across different life sciences contexts

TOPICS	
  AND	
  COURSE	
  DESIGN	
  

ASSESSMENT	
  

First-day questionnaire: For each topic, give a score from 1 to 5, where
5 = please include, 3 = indifferent, and 1 = please do not include in course.
Class average responses: every life science topic scored higher than every
mathematical topic, perhaps reflecting unfamiliarity with the math topics.
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Genetics
Psychology
Neural networks
Neuron signaling
Physiology
Cell biology
Epidemiology
Molecular biology
Climate change
Ecology
Differential equations
Systems of differential equations
Bayesian statistics
Connectionist models
Graph theory
Dynamical systems
Diffusion models
Information theory
Markov chains
Matrices

Course plan:
 Introduce concepts of modeling, beginning with differential
equations and population models
 Survey various math topics and applications, indicating directions
for related areas appropriate for further investigations
 Semester-long assignment: choose an area for individual research,
expanding a topic from the class in a final paper
Topics:
 Derive models for single populations, from exponential to
constrained to logistic growth
 Expand to systems: competition,
predator-prey
 Add equilibria and nullclines
 Expand to epidemiology: S-I-R
and others
 More: Michaelis-Menten enzyme
kinetics
 Go discrete: difference equations, Fibonacci and others
 Discrete model: propagation of annual plants
 Accelerate survey: cellular automata, a different sort of discrete
 For the Cognitive and Behavioral Neuroscience students in the
class: some graph theory and neural networks
 On the probability side: introduce Markov chains and some
matrices
 From matrices to Excel and finding your own data: life tables,
using the TIEE module on virtual cemeteries, courtesy of the
QUBES-ESA Faculty Mentoring Network, spring 2016

RESULTS:	
  Feedback	
  on	
  Final	
  Papers	
  

 Regular homework assignments: solving equations or systems,
graphical exploration, extending models to new situations
 Writing assignments: reactions to reading assignments, including
handouts from news reports and not-too-technical articles from
Science and Nature, to show that modeling is a current activity
 Tests with both take-home and in-class components
 Data-gathering and life tables assignment
 Final research paper

RESULTS:	
  Feedback	
  on	
  Topics	
  
Topics listed in order of most frequent responses to: What topics did you
like? What topics should I reduce or omit? What topics should I include or
increase?
Liked
 Epidemiology
 Predator-prey
 Neural networks
 S-I-R
 Cellular automata
 “All of them!”

Reduce or omit
 Difference equations
 Population models
 Carrying capacity
 Annual plants
 “None”

Add
 More neuroscience
 More Markov chains
 Medical applications
 Statistical models
 More review

RESULTS:	
  Titles	
  of	
  Final	
  Projects	
  
 Drug Effects on Neuronal Firing
 Modeling Spread of Forest Fires and Fire-Dependent Populations
Using Cellular Automata
 Infectious Disease Epidemiology Models
 Modeling Decision-Making in the Brain
 Discussion and Modeling of Celiac Disease Immune Response and
Treatment [by a student with the disease]
 Mathematically Define the Swine (Flu)
 Math Models for Tumor Cell Growth and Immune System
Interactions
 The Reintroduction of Wolves into Yellowstone National Park
 Mathematical Modeling of the Heart
 Computer Modeling of Neural Networks
 Lotka-Volterra Model of Wolf Populations; Predator vs Predator
(who becomes Prey)
 The Mathematical Modeling of Schizophrenia
 Mathematical Modelling of Cancer Immunology and
Chemotherapy Treatment
 Evolutionarily Stable Strategies and Game Theory
 Diabetes and Modeling Metabolic Systems
 Alzheimer’s Disease and the Markov Model
 Modeling Speciation through the Game of Life
 Fibonacci and Asperger’s

From the questionnaire before the final week of classes:
“I’ve really been enjoying the final project.”
“Great opportunity to explore other topics.”
“I am really interested in the topic I have selected.”
“I am so excited about my topic
pn+1	
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  ασγpn	
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and am learning so much while
synthesizing my paper.”
“A good idea, but a bit stressful.”
“Maybe bring it up earlier in the
course.”
“Would have been better if it were a presentation instead of an
8-10 page paper.”
“I loved the idea. I feel like it exposes us to a different way of
thinking about math.”

CONCLUSIONS:	
  Plans	
  for	
  Revision	
  of	
  the	
  Course	
  
Based on student feedback, I will aim for smaller, more frequent
homework assignments. The distribution of students in this first
edition of the course had students in the Cognitive and Behavioral
Neuroscience program unexpectedly outnumbering the Biology
majors four to one, explaining the initial and final preferences for
more neuroscience and graph theory topics. In the next edition, if
that proportion continues, I will shift the topical focus somewhat in
that direction. For the final project, I will encourage earlier
explorations for topic selection. If the class size allows, I agree with
the student suggestion of classroom presentations, perhaps in
groups, but not to replace the papers. The comments above,
especially the final one, make the papers and the course worth it all.
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