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Summary

Student final projects in an ODE’s course,
designed to educate the public.

e How can we use this avenue to frame
ethical reasoning?



Motivations

Adapting assessment
methods for traditional
mathematics courses
(forced by the
pandemic)

Keeping
students
motivated
to learn
mathematics

Making mathematics
accessible to the

9

Keeping up with and
taking advantage of
technological trends

LA

e P
TRENDSE,EIEIEER MAMI



The Course: Math 286 - Differential Equations
Spring 2021

Topics / Learning Outcomes Text

e A First Course in

e Mathematical modelling through differential equations. Differential Equations

e First-order separable, linear, and exact differential equations. with Modeling

e Second order homogeneous equations w/ constant Applications, 11th
coefficients. Edition, by Dennis G.

e Second order nonhomogeneous equations. Zill, (Cengage 2018).

e Use of Laplace transform
e First and second order initial value problems arising from Enrollment:

modeling e 56 students

e Systems of two linear first-order constant coefficient over 2 sections

equations.



The Course: Math 286 - Differential Equations

Assessment

e Homework, Quizzes, Midterm Exams, Final Exam
e Projects based on SIMIODE modeling scenarios

o Two Term Projects

o Afinal project for a general audience (the public)

SIMIODE

https://qubeshub.org/community/groups/simiode/

e SIMIODE: Systemic Initiative for Modeling Investigations & Opportunities with Differential
Equations

e Peerreviewed, classroom ready Modeling Scenarios and Technique Narratives for differential

equations modeling activities.



Term Project 1

Population Model Variations and MATLAB
By William (Bill) Skerbitz

e A walk-through of a detailed derivation of basic exponential and logistic population models.

e How to create variations of these models

e Exploration and visualizations of models using MATLAB, desmos, dfield
Differential Equation Classes: ODE, First, Linear, Nonlinear,
Homogeneous

Analytical Techniques: Initial Value Problems, Separation of Variables

Qualitative Analysis: Stability, Phase Plane, Graphical analysis

Population Model Variations and MATLAB, William (Bill) Skerbitz (2022). 1-143-PopulationModelVariationsMATLAB-ModelingScenario.
SIMIODE, QUBES Educational Resources. doi:10.25334/8PE1-0732



Exponential Model of Population Growth
e Suppose a population changes only via births and deaths (no migration or other

external influences), where § (t) is the number of births per unit of population per

unit of time at time 7 and & (t) is the number of deaths per unit of population per unit
of time at time 7.

o The numbers of births and deaths would be 3(¢)- P(¢)-Ar and &(r)-P(r)-Ar,
respectively, and the incremental change in population would be
AP = {births} —{deaths} = [ﬁ(z‘) - 5(?)} -P(t)-At, so in the end, we would have

Z<[p0)-5]P0).

o If the birth and death rates (ﬂ(t) and 5()‘)) are constant, then as At — 0. we have

% = (8 — §)P, or n other words, % = kP, where k = f§ — 4.

e This leads to the familiar exponential solution P(t) = P(0)e**, which is often called
the Malthusian model (after the English clergyman and political economist Thomas
Malthus (1766-1834)). Note that if births outpace deaths, i.e. if f# > §, then k > 0
and we have exponential population growth, whereas if f < §, then k < 0 and we
have population decline (exponential decay).

PROBLEM 2 - Suppose an alligator population consisted of 12 alligators in 2008 and
two dozen i1 2018. Also suppose that the population grows as in the exponential model
above, except that the birth rate actually increases by a factor of k > 0 as the population
increases (i.e. the birth rate is proportional to the population and is nof constant). In
addition, without any natural predators and a typically long lifespan, we’ll consider the
death rate to be zero. Hence the model we end up with in this case is

%:(ﬂ,(g)p:(kp,o)p:kpz, with P(0)=12.

MATLARB usually assigns output to the variable “ans,” and each subsequent command
overwrites what used to be defined as “ans.” So a useful practice is to name your
variables with convenient names so that you can easily recall them later. With that in
mind, perform the following steps in MATLAB to solve this initial value problem.

Logistic Growth In environments with limited resources, it is reasonable to assume that
the birth rate actually decreases as the population increases. If we assume the birth rate
is a decreasing linear function of the population and the death rate remains constant, we

dP
have i ((ﬁ— BP)- 5)P . To make this more familiar to us, note that this is a

B-6

1

'P
“logistic differential equation” C:Tt =kP(M —P) with k=, and M = . From

Logistic Growth In environments with limited resources, it is reasonable to assume that
the birth rate actually decreases as the population increases. If we assume the birth rate
is a decreasing linear function of the population and the death rate remains constant, we

dr
have s ((ﬁ -BP)-5 )P . To make this more familiar to us, note that this is a
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Term Project 2

Modeling Car Suspensions
By Therese Shelton, Brian Winkel

e Spring-mass phenomenon of a car suspension
e How is ride related to parameter values
e Effect of changing angle of installation

Differential Equation Classes: ODE, 2nd Order, Linear, Nonlinear, Homogeneous
Analytical Techniques: Initial Value Problems Separation of Variables

Qualitative Analysis: Stability, Phase Plane, Graphical analysis

Therese Shelton, Brian Winkel (2023). 3-034-CarSuspension-ModelingScenario. SIMIODE, (Version 2.0). QUBES
Educational Resources. doi:10.25334/JYG7-5953



Figure 1. (a) Suspension (b) Spring Assembly (c) Diagram

external forces, such as for a car on a smooth road.

M-y"(t)+c-y(t) +k-yt) =0, y0)=w, ¥'(0)=0.




Final Project for a General Audience
Goal: Explore a phenomenon that can be explained using differential equations.

Major Rule: Your target

e Introduction and Background audience is a high school
student. Your job is to teach

e Mathematical Exploration ) _
. this student without
e Conclusion o
intimidating them.

Parts:




Playlist of Final Project

Search Q 9

SIMIODE Project: Evaporation (M286-03)
Lawrence Udeigwe, PhD + 136 views - 2 years ago

Activity | - Own Equation Il

kptn), V(0) v
SRPSRE N SIMIODE Project: Heartthrob and Heartbreak - A Mathematical Analysis of Romeo and Juliet (M286-03)

Lawrence Udeigwe, PhD « 198 views - 2 years ago

SIMIODE Projects: Modeling Internet Platforms (M286-08)

Lawrence Udeigwe, PhD + 84 views - 2 years ago

SIMIODE Project: Modeling IED Blasts (M286-03)

Lawrence Udeigwe, PhD - 94 views - 2 years ago

SIMIODE PROJECT: Modeling Cancer Growth (M286-08)

Lawrence Udeigwe, PhD + 229 views - 2 years ago

No description

SIMIODE Project: Population Modeling with US Census Data (M286-08)

Lawrence Udeigwe, PhD - 100 views - 2 years ago

SIMIODE Project: Modeling the US Census (M286-03)

Logke Lawrence Udeigwe, PhD - 97 views - 2 years ago

SIMIODE Project: Snails in a tide pool presentation (M286-03)

Lawrence Udeigwe, PhD * 164 views - 2 years ago

SIMIODE Project: Modeling IED Blast (M286-08)

Lawrence Udeigwe, PhD + 94 views - 2 years ago

SIMIODE Project: Evaporation (M286-08)

Lawrence Udeigwe, PhD + 105 views - 2 years ago




Audience Feedback

Evaporation

Presented by the Calc-Aholics. Adapted from Brian Winkel (2015), "1-026-S-Evaporation,”
https://www.simiode.org/resources/797.

@janinegayanelo4885 2 years ago
; | thought | understood evaporation in simple biological terms, but looking at it mathematically and modeling it's rate was super interesting. | would definitely like to learn more
about it and the different ways to apply this. Even, relating back to biology, for example, something like the evaporation of sweat and how it cools us down.

Modeling Internet Platforms

Presented by The Average Joe's. Adapted from Victoria Rayskin (2018), "6-065-S-InternetPlatformUsers,"
https://www.simiode.org/resources/5540.

@mariamiosepaishvili5850 2 years ago
This was a very captivating topic for me since I've always wanted to be introduced to cryptocurrency. | liked how you explained bitcoin in detail to introduce the topic. You did a
good job explaining how modeling the differential equations can be used to observe internet platforms, especially | liked the "odd system" where you got the eigenvalues to be

complex numbers and fixed points became spiral and then you connected it to the outcome for buyers and sellers. The phase portrait looked fascinating. Overall, the
presentation was organized and easy to follow. | am excited to learn more about this.

5 GF O Reply


https://www.simiode.org/resources/797
https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqbWtuYm9LQXJCbE9ud0l3SVJVbXNsZHM2RW03UXxBQ3Jtc0tuM3pGY09VVG5sMjMxQ2pQZFNrbXlmX2U2Q2tkX1NDNEF3UGxnY2NreWQ2SGlTdm5sRFN3T212UE5TYTRTbnByUm4tVXExSFhrbUR6SzBIRGZ5cGNfSnRFNjhnR3A0c2pLRl9UY3lVelU0WnpqU3BxSQ&q=https%3A%2F%2Fwww.simiode.org%2Fresources%2F5540&v=_X4SvCb3RAk

Audience Feedback

Heartthrob and Heartbreak - A Mathematical Analysis of Romeo and Juliet

Presented by The Integreats. Adapted from Lawrence C Udeigwe (2019), "5-002-S-PhasePortraitForRelationshipDynamics,"
https://www.simiode.org/resources/6263.

@mahamaltaf7408 2 years ago
| really enjoyed how you illustrated their relationship by using graphs and differential equations. In the end, when you solved the problem by hand, it was a good way to show
that you understood the assignment. What are some other factors that may help one to understand the relationship between them? Is it safe to say that opposites really attract?

Modeling IED Blasts

Presented by The Lambda's. Adapted from Jonathan Paynter; George Hughbanks (2016), "4-020-S-AnIEDBIast,"
https://www.simiode.org/resources/1514.

e @bryanlonging8854 2 years ago
To see Math being related to a topic that is extremely important to the military is fascinating for me personally cause | have had family members in the military. The greatest
parts of the video to me is how you explain the purpose of each of these variables and why they are needed in the grand scheme of the equations.


https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqbTRWMnltNnBxVjk5UVNvY0RaRGp6RDVlV2xfQXxBQ3Jtc0trWmtiN3NhN1pUWnEyRGIyZ0tUNkJJVmhYNkdvRUhxdDBIWWI4eTJIcDVhZ2ZzYm9CdS1QWGxnTW1nNHd2dmJSRDVMMHBPYjBSX3l5ZG13WFp2b1VRS2d0ZlliTTRQX3hjVkdxaldHcDg0OUw3SXI0WQ&q=https%3A%2F%2Fwww.simiode.org%2Fresources%2F6263&v=bSNgCz_KmmI
https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqbUdvSWt5UEhlR3pHOWlKbTFjMGQ5OE4wZUZ0d3xBQ3Jtc0trb1FmWjN4RzhEZnJuT2VqZWo0WVE1dURVZkNRVjloX3c5M0g4clVpRWdyVUx0TXBvWnV6czlMUUd0aUgwUXlFVWFzajl0R0JXOVRlZ0ZENk9PY2Y4b2ZRRzM4bHp3VmdQWjdWQ2tjUHFBbk40RXBNTQ&q=https%3A%2F%2Fwww.simiode.org%2Fresources%2F1514&v=qVZCxTErvsc

Audience Feedback

Modeling Cancer Growth

Presented by The Manhattan Integrals. Adapted from Jue Wang (2018), "1-102-S-CancerGrowth,"
https://www.simiode.org/resources/4846.

@salvatoreschillace2410 2 years ago
| appreciate how you gave background information about what cancer actually is. Also it is helpful how you showed 5 different model types and explained why only 3 of them
worked for cancer growth. This presentation was excellent, | really enjoyed how you took real data and used it to explain which models were the most accurate. dg

@evasanz9572 3 months ago
Hi! I'm doing a paper on tumor growth formulas and this has been the best resource I've found so far about it. Thanks so much for your video, it was extremely helpful!

Snails in a tide pool presentation

Presented by the The Snail Squad. Adapted from Lisa Driskell; Audrey Malagon (2016), "1-110-S-SnailsInaTidePool,"
https://www.simiode.org/resources/2924.

@santiagosantos9992 2 years ago
That intro scene was a great. | like how all the info was presented, everything was well organized and pleasant to look at. And it is interesting how math could tell us how the
temperature effects snails.


https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqblEtb214Mkl0LXZtbnNyY3ZId0RRSkJOakJfQXxBQ3Jtc0tsUTJzenk3Y2hnNlVNbEFBOVlsNmUzN2FreU9sVXFOaGVrRFpFV084SWNzRklqVGtSTzNSYmxuZ2Zqc0NVd2NTS2ZnYVFDdmxyV3BtbU5nQ1VicWI1anJEYllmM1dYU2l6TXNQMDI4aGJxYktabklaVQ&q=https%3A%2F%2Fwww.simiode.org%2Fresources%2F4846&v=JLqROgeFsjY
https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqa25GSjMwZ0g5bl9COVpzVjdDX2F5MG9DU2JIZ3xBQ3Jtc0tsUG05N3E3M0hNNGVnRGx4VXBXUXlaLTZLaV9qMUJTbmlwaF8tZWxUdVVaSk9LY1JJN3UzYU1ENkpMRFBZdFBWbmN0QVE1SW9HLU1fQmZWdXVIdHVSVm5KNGtfMDRGVlc0V2FzLWwxWnFDQ1BCQU9Baw&q=https%3A%2F%2Fwww.simiode.org%2Fresources%2F2924&v=riZwnoOcnns

Student Feedback

How did the projects help your understanding of

differential equations?

showing

understand

eq u at I O n S able f?{jgcr}iqt'o”*

use math

differentials _oderen

understanding apply used

prOJeCtS learning material
helped project 7 e

pertained TUTUrE | really
describing real world subject

scenario

life

USH]

explained

model

The projects helped my
understanding of differential
equations by showing me how
differential equations can be
used in all parts of life. This was
something that was explained to
us but | never really considered
how these differential equations
would be used in the real world.
Watching the projects and seeing
how the topics were so different
and differential equations were
still useful in them, showed me
that even in areas where you
wouldn’t expect a differential
equation to be useful, they are
still useful, for example snails in
a tidepool.



Student Feedback

What do you not like about the projects?

easier

difficult
2 think )
given students
better L
work time . Projects
project

felt 8roup

The only thing that | didn'’t like
about the projects was the
short amount of time we were
given to approach this task and
explore it. | wish we had more
time to work on it to grasp and
analyze it better. Also, to be
creative and incorporate our
imagination and knowledge of
mathematics into these
projects.



Student Feedback

Are there any helpful experiences you gained from working on the final project?

working

learned helpful final

project really

put experience WOIk

group

together able

Overall the presentation aspect
was really helpful because it has
you put yourself out there, the
feedback from other people on
how you did was motivating, and
seeing everyone else’s work to
compare how we could do better
in the future was thought
provoking. It's good practice
because we’re going to have to be
making a lot of presentations in
our college and work career, and
this is just a step towards getting
better.



My Takeaway

Students show ability to synthesize the multiple facets of mathematics that they learned.

Students showed a great deal of interest in the non-math aspect of projects.

Next time
e will give more time

e mid-project submission and feedback from me



Framing Ethical Reasoning — Four Questions

Question 1: Does project tackle at least one learning outcome/objective of
course? Does the project pose an ethical reasoning challenge?

Question 2: Does project adhere to the ethical standards of any related
fields?

Question 3: Does project effective and sensitively address the
interest/position of each stakeholder?

DISCUSSION
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Thank you :-)
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