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Who Are We?

Chris Rasmussen          Karen Allen Keene             Justin Dunmyre Nick Fortune



History of IODE

• Instructional design theory
• Realistic Mathematics Education (RME) (Freudenthal, 1991)

• Challenge learners to organize key subject matter at one level in order to produce new 
understanding at a higher level

• Research-based curriculum
• “Framework for interpreting students’ understandings of and difficulties with 

ideas central to new directions in differential equations” (Rasmussen, 2001, p. 
55)
• Function-as-solution dilemma

• Students’ intuitions and images

• Students were learning analytic, graphical, and numerical methods in a 
compartmentalized manner



What is Inquiry?

• Our use of the term inquiry aspires to aligns with the four pillars of 
Inquiry Based Mathematics Education (IBME) (Lauren & Rasmussen, 
2019): 
• students engage deeply with coherent and meaningful mathematical tasks,

• students collaboratively process mathematical ideas,

• instructors inquire into student thinking, and

• instructors foster equity in their design and facilitation choices.



Philosophy of IODE

• Using Realistic Contexts

• Developing DEs as models in three ways
• Using Laws of Science

• Using Data

• Modifying Existing Models

• Model-of and Model-for (Rasmussen et al., 2019)

• Integrating Analytical, Graphical, Numerical Concepts

• Qualitative Approaches to Autonomous DEs

• Guided Reinvention of Concepts (Realistic Mathematics Education)

• First, Understanding, then Procedure

Graphical 

Analytical

Numerical



What is the value of IODE?

• Utilizes qualitative, quantitative, and numerical methods integrated together

• Students take more ownership for learning

• Involves more than standard analytical techniques that only solve some DEs

• Context driven to engage and motivate students, while bringing out important 
mathematical ideas

• Modeling and Prediction are central themes

• “Capstone experience”- brings in calculus, etc.



Course Outline
• First Order DEs

• Qualitative and Graphical 
Approaches
• Modeling (Population)

• What exactly is a differential equation 
and its solution?

• Slope fields

• A Numerical Approach
• Euler’s method

• An Analytic Approach
• Understanding solutions as 

continually changing slopes in Euler’s 
method

• Separation of variables

• Linear Differential Equations
• Modeling (Salty (brine) tanks)

• Integrating Factors (developed as the 
“Reverse Product Rule”)

• Uniqueness of Solutions
• The Uniqueness Theorem

• Autonomous Differential Equations
• Phase Lines

• Modeling with Autonomous Differential 
Equations
• Modeling (Newton’s Law of Cooling)

• Building phase lines from graphs of dx/dt vs x

• The Effect of Varying a Parameter in 
Autonomous Differential Equations
• Modeling (Population and harvesting)

• Bifurcation theory

• Climate Change



Course Outline Continued

• Systems, Second Order, & 
Nonlinear DEs
• Introduction to Systems

• Modeling (Nonlinear Systems)

• Euler’s method for systems

• 3D solution space

• Phase planes, vector fields, 
nulliclines

• Spring Mass System and Linear 
System
• Modeling (Springs)

• Straight Line Solutions

• Damped and Undamped Linear System
• Complex eigenvalues

• Eigentheory Applied to Linear Systems
• Using eigenvalues to find solutions to linear 

systems

• Second Order Linear Differential Equations
• Method of undetermined coefficients

• Nonlinear Systems
• Modeling (Pendulum)

• Laplace Transforms



Example Unit

• Fish harvesting leading to the reinvention of the bifurcation diagram 
which then leads to a climate change problem



Modeling & 
Symbolizing →
Reinvention of a 
bifurcation diagram

Important feature:

Did not ask students 
to find the best 
harvesting rate



Student Work



For more see Dunmyre, Fortune, Bogart, Rasmussen, & Keene (2019) 



In the context of climate science and government regulation, we specifically desired a negative k 
value to correspond to less regulation, that is, deregulation. Doing so necessitated the differential 
equation contain a “−k” so that a negative k results in a positive shift of the average equatorial 
temperature. While this differential equation does not capture the complexity of climate change 
science, it captures the long-term behavior described in the exposition to the extended problem.





Student Work



How to Access

• Materials are available for free at https://iode.sdsu.edu

• On the main page you will fill out a form to get a password to get 
access to the materials

• Materials in the form of PDFs but we also supply the LaTeX files

• Additional online resources are on the website

https://iode.sdsu.edu/


Thank You & Questions

Nick Fortune
nicholas.fortune@wku.edu

Chris Rasmussen
crasmussen@sdsu.edu

Karen Allen Keene
keenek@erau.edu

Justin Dunmyre
jrdunmyre@frostburg.edu
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