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Focused on exploring how connecting differential equations concepts 

to real-world scenarios through mathematical modeling impacts 

student confidence in their mathematical abilities for STEM majors. 

My SoTL inquiry



➢ Differential equations is an important component of mathematics curricula for STEM 

majors.

➢ Students at my institution often find Differential Equations class as a "capstone" 

course of the first two years of college mathematics that they complete as part of their 

STEM degrees. 

➢ It is important to learn to think creatively and logically and see the connection of real-

world context in mathematics curriculum. 

➢ This is particularly important for opening doors to STEM majors and retaining STEM 

students. 

➢ Engaging students in contextualized context through modeling can provide rich and 

motivating learning experiences for students. 

Why?



➢ I gave a pretest and posttest survey and an end-of-semester interview to check the impact 

of incorporating mathematical modeling in the class activities. 

➢ Both tests had questions about understanding first-order differential questions and how 

mathematical modeling incorporation had impacted their learning. 

➢ Assessment results (n=20) indicated that there is an improvement in students' confidence 

and in their mathematical abilities.

How?



Modeling Activities – Draft Outline

Lesson Activity Description SIMIODE Resources

Week 1: Intro to Modeling - collecting data, 

modeling,

Pre-Test 1

First order ODE

Simulation with M&M's for population model 

with immigration and parameter estimation

1-1-S-

MandMDeathAndImmi

gration

Week 2: 

Week 3: Newton's Law of Cooling in a constant 

and changing regime

First order ODE - separation of variables

Data offered for constant and changing 

temperature regimes and modeling hang time 

for second option

1-31-S-CoolIt

Week 4:  Post-Test 1

Week 5: Logistic equation modeling spread of 

information, technology, disease

Pre-Test 2

First order ODE – nonlinear

Basic building blocks and assumptions to get 

to powerful logistic model and many 

applications 

1-18-S-

LogisticPopModeling

https://www.simiode.org/resources/132
https://www.simiode.org/resources/372
https://www.simiode.org/resources/731


Modeling Activities – Draft Outline

Week 7: Modeling spring mass damper system 

with driver or forcing function

Second order ODE – nonhomogeneous

Resonance and beats along with frequency 

response analysis are introduced Frequency 

Response Analysis

3-1-S-

SpringMassDataAnaly

sis

Week 8: Post-Test 2

Week 9: Modeling and using data to confirm 

LSD levels in human subjects 

Pre-Test 3

System - Linear nonhomogeneous

Creating and analyzing two compartment 

models and parameter estimation

1-10-S-

LSDAndProblemSolvin

g

Week 11/12: Modeling spread of flu in English 

Boarding School

System – Nonlinear

Using data from English Board School an SIR 

epidemic model is built and validated – and 

other models

6-1-S-Epidemic

Week 14: Modeling an optimal insect colony

Post-Test 3

System – Nonlinear

An introduction to optimal control of a nonlinear 

system in evolutionary study of insects.

6-5-S-

InsectColonySurvivalO

pt

https://simiode.org/resources/844
https://www.simiode.org/resources/411
https://www.simiode.org/resources/572
https://www.simiode.org/resources/581


Newton’s Law of cooling/warming





















Pre-Test 1

Rate the following statements on a scale of 1-5, where 1 is strongly disagree and 5 is strongly agree: 

Statement 1 2 3 4 5

I am able to solve most problems involving 

first order linear equations. 

I am unsure which method to use when I 

attempt a problem involving first order linear 

equations. 

The math involved in solving problems on first 

order linear equations is very hard. 

I am unsure how the first order linear equations 

are utilized in real life scenarios
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Pre Test 1



Post-Test 1 - First order linear equations

Rate the following statements on a scale of 1-5, where 1 is strongly disagree and 5 is strongly agree: 

Statements 1 2 3 4 5

Participating in modeling activities have increased my 

ability to solve most problems involving first order linear 

equations. 

Having participated in the class lectures and modeling 

activities, I am more confident in my ability which method 

to use when I attempt a problem involving first order linear 

equations. 

Having participated in the class lectures and modeling 

activities, The math involved in solving problems on first 

order linear equations does not seem as hard as before. 

Participating in modeling activities made me to understand 

how first order linear equations are utilized in real life 

situation
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Post Test 1



1. Write down one thing you learned from the modeling activities. 

2. Write down one thing you are still unclear about first order linear equations. 

3. Write down one thing you liked about the modeling activities. 

4. Write down one thing you disliked about the modeling activities. 

Post-Test 1 - First order linear equations (Continued)



1. Write down one thing you learned from the modeling activities. 

2. Write down one thing you are still unclear about first order linear equations. 

3. Write down one thing you liked about the modeling activities. 

4. Write down one thing you disliked about the modeling activities. 

Post-Test 1 - First order linear equations (Continued)



1. A cake removed from a hot oven cools over time until it reaches room temperature. In an attempt to describe 

this cooling mathematically, a student proposes the following equation where T is the temperature of the 

cake, t is time, and k is a positive constant. 

𝑑𝑇

𝑑𝑡
= −𝑘

a) Do you think this student’s equation models the cooling of the cake well? Please explain why/why not. 

b) Are there any improvements you would make or situations where this model will not work? If so, 

explain why you would make each change or why no changes are necessary. 

Post-Test 1 - First order linear equations (Continued)



1. A cake removed from a hot oven cools over time until it reaches room temperature. In an attempt to describe 

this cooling mathematically, a student proposes the following equation where T is the temperature of the 

cake, t is time, and k is a positive constant. 
𝑑𝑇

𝑑𝑡
= −𝑘

a) Do you think this student’s equation models the cooling of the cake well? Please explain why/why not. 

b) Are there any improvements you would make or situations where this model will not work? If so, 

explain why you would make each change or why no changes are necessary. 

Post-Test 1 - First order linear equations (Continued)



To further explore the ways student experience with real-world scenarios through mathematical 

modeling impacted their perception of their mathematical abilities, eight students were interviewed 

after the course concluded. 

Further Exploration



Student Interview Questions

Q1: What are differential equations, and why are they useful?

Q2: Tell me everything you know about mathematical modeling?

Q3: How confident you are in solving differential equations? Does the modeling activities increase your 

confidence in solving differential equations? If so, how?

Q4: Have the modeling activities helped you understand how differential equations are applicable to 

STEM disciplines and real-world scenarios? If so, how? 

Q5: Do you feel that participating in modeling activities better prepared you for differential equations and 

STEM disciplines you will encounter in future? 



➢ Seven of  the survey participants indicated the mathematical modeling activities pushed their 

thinking beyond the textbook problems and connected real-world scenarios to the class material. 

➢ For instance, students were asked to identify at least one real-world scenario and how it related to 

differential equations. 

➢ Six participants immediately identified the spread of COVID-19 as a real-world scenario and how 

to model it through differential equations. 

Further Exploration (continued)



➢ Importantly, these students were able to explain the parameters in the differential equation and 

its physical significance. 

➢ A majority of comments praised all the mathematical modeling activities. 

➢ Many stated the hands-on activities helped them see differential equations in a real-world 

context and better gauge their learning process. 

➢ Furthermore, they all indicated that mathematical modeling activities helped them see the 

value and positive perspectives towards STEM disciplines.

Overview of the impact



➢ It has allowed me to think more deeply about the student learning process and identify issues 

within the delivery and course curriculum structure. 

➢ Through this experience, I have found that when mathematical modeling of real-world 

scenarios is emphasized in the classroom, students can make important connections among the 

mathematics and other STEM fields, and this can positively impact their interest and 

confidence in doing mathematics. 

➢ This study is vital because Differential Equations is a critical point where STEM students 

choose their interests and proceed with their mathematical adventures. 

➢ In a future study, I would like to extend the study to more STEM majors. I also would like to 

explore the impacts of authentic mathematical modeling activities across the calculus 

curriculum.               

Important Takeaways and Future Work
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