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Current Landscape

• Average college freshman will be placed into one of the 
following courses:

• Precalculus
• Calculus I 
• Calculus II 
• Calculus III

• Students might not take a modeling course
• Math majors
• STEM majors
• Non-STEM majors
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“While less common, a first-year 
course in mathematical modeling 
that incorporates just-in-time 
techniques from calculus, discrete 
mathematics, and/or statistics could 
serve as a pathway to recruit new 
majors and also provide "existing” 
first-year math majors with a richer 
sense of purpose in 
their undergraduate studies.”
  - MAA



Population Demographics

• College freshmen (first semester) who have BOTH the calculus 
background and have an aptitude for math

• All have already taken AP/IB Calculus

• Some have completed through Vector Calculus
• SAT Math: 765
• AP Exam: 4.2

• Total Enrollment: ~325 students
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IN-CLASS BOARD PROBLEMS

o Interactive lecture & daily 
practice and feedback

PROGRESSIVE MADS

o Modeling Application Days 
(MAD) that bridge the gap 
between in class mechanics 
and a developed model. 
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Our Approach
END OF TERM PROJECT

o Project selected by the 
cadets to investigate further 
and build models out 



Framework
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Block 1

• In-Class Board Problems
• Introduce fundamentals of Modeling and ODEs
• First MAD assigned 

Block 2

• In-Class Board Problems
• Develop Modeling further & intro systems of ODEs
• Second MAD assigned/presented

Block 3

• In-Class Board Problems
• Refine Modeling process further & intro higher order 
• Project Introduced

Block 4
• Present Final Projects
• Final Exam

4 weeks

6 weeks

4 weeks

4 weeks



Modeling 
Basics
USMA Mathematical Modeling Triangle
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Modeling Application Day  – First Order
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Modeling Application Day – Systems of ODEs
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Modeling Application Day – Higher Order



• Student Selected
• Observe a phenomena and attempt to 

model
• Explore canonical models such as SIR, 

Lanchester Equations, and Predator-prey 
models

• Project Topics this year:
• India’s Urban Infrastructure and Environment
• Uber vs. Lyft Competition Revenue 
• E. Coli in Crandall Pool
• August Complex Fire in California
• The Pacific Garbage Patch
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Large Scale Project



Project Submission 1
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Project Submission 2
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DATA

o No data – Zombie fight, 
Jurassic Park ecosystem, etc
(0)

COMPLEXITY

o First Order (0)
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Project Grading/Scoping

CREATIVITY

o Model from the Textbook 
or directly from SIMIODE 
(0)



DATA

o No data – Zombie fight, 
Jurassic Park ecosystem, etc
(0)

o End point or parameters 
researched (1)

COMPLEXITY

o First Order (0)

o Second order or 2x2 
System (1)
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Project Grading/Scoping

CREATIVITY

o Model from the Textbook 
or directly from SIMIODE 
(0)

o 1-2 justified terms added 
(1)



DATA

o No data – Zombie fight, 
Jurassic Park ecosystem, etc
(0)

o End point or parameters 
researched (1)

o Time Series Data (2)

COMPLEXITY

o First Order (0)

o Second order or 2x2 
System (1)

o Third or higher order (or 
3x3 system) (2)
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Project Grading/Scoping

CREATIVITY

o Model from the Textbook 
or directly from SIMIODE 
(0)

o 1-2 justified terms added 
(1)

o 3 or more justified terms 
added (2)



Project Grading
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SCUDEM

• SIMIODE Challenge Using Differential 
Equations Modeling

• Annual Competition in October/November 
timeframe

• Offer extra credit for teams that perform in 
the Meritorious or Outstanding categories

• 2023 teams:
• Outstanding: 6
• Meritorious: 8
• Successful: 1
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Challenges
Getting the “right fit” for each 
student

Timing everything well
Homework assignments
Technical Labs
Exams
Project Midpoints

Balancing Instructor Load for 
projects
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55 MINUTE CLASS PERIODS

MEET 4-5 TIMES PER WEEK 
(TOTAL 64 SESSIONS)

18 WEEK SEMESTERS

TEACH 2-3 SECTIONS PER 
SEMESTER

SMALLER CLASS SIZES (19 
CADETS MAX)

How do we fit it all in?
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Follow On Courses

ODEs/Math 
Modeling

Vector 
Calculus

Statistics
Major 

Dependent



Motivation

BUT WHY?
•Additional 
ODE/PDE class in 
career

•Teach cadets not 
WHAT to think but 
HOW to think



Questions?
Contact:

Brittany Oletti
Brittany.Oletti@westpoint.edu


	Fostering Mathematical Curiosity: Using Real-Life Modeling to Teach Differential Equations
	Agenda
	Current Landscape	
	Population Demographics
	Our Approach
	Framework
	Modeling Basics
	Modeling Application Day  – First Order
	Modeling Application Day – Systems of ODEs
	Modeling Application Day – Higher Order
	Large Scale Project
	Project Submission 1
	Project Submission 2
	Project Grading/Scoping
	Project Grading/Scoping
	Project Grading/Scoping
	Project Grading
	SCUDEM
	Challenges
	How do we fit it all in?
	Follow On Courses
	Motivation
	Questions?

