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Why I am here?

• Share my experience:

• Use SIMIODE materials to teach DE with the modeling first approach

• An invitation to join our Breakout session later today to share yours or hear 

others' ideas about ChatGPT

• 4:30 – 4:55 pm EST// 3:30 – 3:55 pm CST// 2:30 – 2:55 pm MT// 1:30 – 1:55 pm 

PST )



Loyola Marymount Univ.

• 5 minutes away from Los Angles (LAX) airport

• Mission: The encouragement of  learning, the education of  the 
whole person, the service of  faith and the promotion of  justice.

• 55 major and 59 minor undergraduate degrees and programs, 47 
master's degree programs, one education doctorate, one doctorate 
in juridical science, one juris doctorate and 13 credential programs

• Undergraduate: 6,999; Graduate: 1,875; Law School: 1,182; 
Total: 10,056

• Ethnicity of  students: African American: 7.2%; Asian: 9.8%; 
Hispanic/Latino: 22.8%; White/Non-Hispanic: 42.4%; Multi-
race: 7.8%

• International: 9.9%



DE models

Cancer 
Metastasis

HIV 
Prevention

Blood 
Clotting

HPC 
Vaccination

Population 
Crisis in 
China

Microbial 
Fermentation



Common 

questions 

& 

concerns 

in a DE 

class

Students: what does 
differential equations do?

Professors: I don’t use 
separable equations or 
integrating factors in my 
research, ….



Modeling! 

Numerical Simulations!

Modeling! Modeling! Modeling! 



Modeling in the classroom

Improved 
understanding of  

real-world 
applications

Better retention 
of  mathematical 

concepts

Development of  
critical thinking 
and problem-
solving skills

Encouragement 
of  creativity

Increased 
engagement



Model it!
Model it 
early!

Solve it!
Solve it 

numerically!



Modeling on the FIRST Day

Thanks to MINDE workshop!



Spread of  Common Cold - Materials

• Modified from SIMIODE materials.

• Materials:

• Cups

• Beans (two colors) / M&Ms

• Campus/ dorm Maps

• Computer



Spread of  Common Cold - Groups

Three or four students will form a group:

• 1st student: drop beans onto maps [the only person who handles the cup]

• 2nd student: make infection decisions + double checking each step (beans/data)

• 3rd student: count beans and switch beans [the only person who handles the beans]

• 4th student: record data + calculate data after they are collected



Spread of  Common Cold - Steps

Collecting Data

1. Put 40 beans (of  color A) into a cup to represent 40 suspectable students. 

2. Initiation:

1) Initially, 𝑦0 = 0.1 ∗ 40 students infected with a common cold.  Remove 4 beans (of  color 

A) and put in 4 beans of  color B (infected students). 

2) Put N beans (of  two colors now) into a cup.

3) Fill in the table with data from the current round [Susceptible count (36)  and Infected 

count (4) for round #1]



Spread of  Common Cold - Table

Simulation Table with 𝒚𝟎 = 𝟒 and 𝑵 = 𝟒𝟎

0 1 2 3 4 5 6 7

Susceptible Count 40 36

Infected Count (𝑦(𝑡)) 0 4

Change in Infected

The number of 

infections every two 

days 
Infected Derivative

𝑑𝑦

𝑑𝑡
≈ 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟

𝑜𝑓 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛



Spread of  Common Cold - Steps

3. Toss all beans in the cup onto the dorm/campus map. 

4. If  a bean of  color B (infected student) falls into a room/building, then that location 
becomes infected.  Any bean of  color A (susceptible) within the same building/room is 
infected. [Any bean of  color A touching a bean of  color B in the hallway/outdoor regions 
may also be infected.] When in doubt, the “judge” should decide how many beans are 
newly infected. Say there are two new infections.

5. Put the newly infected beans (color A) aside (say it’s 2), and put the same number of  beans 
(of  color B) into the cup. Then put the remaining susceptible beans (of  color A) back into 
the cup.

6. Fill in the table with data from the current round [fill in 2 for “change in infection” in 
round #0; 34 for “Susceptible count” (36-2=34),  and 6 for “Infected count” (4+2=6) in 
round #1]



Spread of  Common Cold - Table

Simulation Table with 𝒚𝟎 = 𝟒 and 𝑵 = 𝟒𝟎

0 1 2 3 4 5 6 7

Susceptible Count 36 34

Infected Count (𝑦(𝑡)) 4 6

Change in Infected 2

The number of 

infections every two 

days 

Infected Derivative

𝑑𝑦

𝑑𝑡
≈ 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟

𝑜𝑓 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛



Spread of  Common Cold - Steps

3. Toss all beans in the cup onto the dorm/campus map. 

4. If  a bean of  color B (infected student) falls into a room/building, then that location becomes 
infected.  Any bean of  color A (susceptible) within the same building/room is infected. [Any bean 
of  color A touching a bean of  color B in the hallway/outdoor regions may also be infected.] When in 
doubt, the “judge” should decide how many beans are newly infected. Say there are two new 
infections.

5. Put the newly infected beans (color A) aside (say it’s 2), and put the same number of  beans (of  color 
B) into the cup. Then put the remaining susceptible beans (of  color A) back into the cup.

6. Fill in the table with data from the current round [fill in 2 for “change in infection” in round #0; 34 
for “Susceptible count” (36-2=34),  and 6 for “Infected count” (4+2=6) in round #1]

7. Continue the simulation from step 3 and step 6 until all beans are of  color B (infected).



Spread of  Common Cold - Table

Simulation Table with 𝒚𝟎 = 𝟒 and 𝑵 = 𝟒𝟎

0 1 2 3 4 5 6 7 8

Susceptible Count 36 34 30 24 14 6 3 1 0

Infected Count (𝑦(𝑡)) 4 6 10 16 26 34 37 39 40

Change in Infected 2 4 6 10 8 3 2 1

The number of 

infections every two 

days 

Infected Derivative

𝑑𝑦

𝑑𝑡
≈ 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟

𝑜𝑓 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛



Spread of  Common Cold - Calculations

8. Complete the simulation data table

1) In the last column, fill 0 in for the row named “change in infection”



Spread of  Common Cold - Table

Simulation Table with 𝒚𝟎 = 𝟒 and 𝑵 = 𝟒𝟎

0 1 2 3 4 5 6 7 8

Susceptible Count 36 34 30 24 14 6 3 1 0

Infected Count (𝑦(𝑡)) 4 6 10 16 26 34 37 39 40

Change in Infected 2 4 6 10 8 3 2 1 0

The number of 

infections every two 

days 

Infected Derivative

𝑑𝑦

𝑑𝑡
≈ 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟

𝑜𝑓 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛



Spread of  Common Cold - Calculations

8. Complete the simulation data table

1) In the last column, fill 0 in for the row named “change in infection”

2) Calculate and fill in the “number of  infections every two days” row. [For the leftmost 

value, use the number 0 to represent the number of  infected before day 0 -- see examples 

on the next page]



Spread of  Common Cold - Table

Simulation Table with 𝒚𝟎 = 𝟒 and 𝑵 = 𝟒𝟎

0 1 2 3 4 5 6 7 8

Susceptible Count 36 34 30 24 14 6 3 1 0

Infected Count (𝑦(𝑡)) 4 6 10 16 26 34 37 39 40

Change in Infected 2 4 6 10 8 3 2 1 0

The number of 

infections every two 

days 
𝟎 + 𝟐 = 𝟐 𝟐 + 𝟒 = 𝟔

Infected Derivative

𝑑𝑦

𝑑𝑡
≈ 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟

𝑜𝑓 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛



Spread of  Common Cold - Calculations

8. Complete the simulation data table

1) In the last column, fill 0 in for the row named “change in infection”

2) Calculate and fill in the “number of  infections every two days” row. [For the leftmost 

value, use the number 0 to represent the number of  infected before day 0 -- see examples 

on the next page]

9. Calculate and fill in the last row, “Infected Derivative”.



Spread of  Common Cold - Table

Simulation Table with 𝒚𝟎 = 𝟒 and 𝑵 = 𝟒𝟎

0 1 2 3 4 5 6 7 8

Susceptible Count 36 34 30 24 14 6 3 1 0

Infected Count (𝑦(𝑡)) 4 6 10 16 26 34 37 39 40

Change in Infected 2 4 6 10 8 3 2 1 0

The average number 

of infections every 

two days 
𝟐 𝟔 10 16 18 11 5 3 1

Infected Derivative
𝑑𝑦

𝑑𝑡
≈ 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟

𝑜𝑓 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛

𝟐

𝟐
= 𝟏

𝟔

𝟐
= 𝟑



Spread of  Common Cold - Visualization

Sketch the graphs:

• 1st student: plot the Susceptible count as a function of  time

• 2nd student: plot the Infected Count as a function of  time

• 3rd student: plot the Infected Derivative  as a function of  time

• 4th student: plot the Infected Derivative  as a function of  the Infected Count



For example, Susceptible count as a function of  time

bit.ly/DesmosQR

Click “+” and choose 

“table” to input data

https://app.bitly.com/Bk670aBTVEZ/qrcodes/create/bit.ly/DesmosQR


For example, Susceptible count as a function of  time

bit.ly/DesmosQR

Click the icon, and then 

turn on “Lines” to 

connect all data points in 

the table by lines/curves

https://app.bitly.com/Bk670aBTVEZ/qrcodes/create/bit.ly/DesmosQR


For example, Susceptible count as a function of  time

bit.ly/DesmosQR

Click on “wrench” to 

change ranges of  x-

and y- axis

https://app.bitly.com/Bk670aBTVEZ/qrcodes/create/bit.ly/DesmosQR


Spread of  Common Cold - Analyze

Graph #1: The Susceptible Count as a function of  time

Graph #2: The Infected Count as a function of  time

Questions:

1. As time changes, how should the Susceptible and Infected count change? 

[Consider this conceptually without looking at the graphs]

2. Describe your observations in graphs #1 and #2. Do they match your 

expectations?



Spread of  Common Cold - Analyze

Graph #3: The Infected Derivative as a function of  time

Questions:

1. Describe your observations in graph #3. How does the infected derivative change over 
time?

2. Can one of  the following functions/equations capture the behavior?

𝒅𝒚

𝒅𝒕
= 𝒂 ⋅ 𝐬𝐢𝐧 𝒃𝒕

𝒅𝒚

𝒅𝒕
= 𝒂 ⋅ 𝒕 − 𝒃 ⋅ 𝒕 − 𝒄

3. Plot the graphs of  𝑎 ⋅ sin(𝑏𝑡) and 𝑎 ⋅ 𝑡 − 𝑏 ⋅ (𝑡 − 𝑐) with Desmos on graph #3. Note 
that a, b, c are parameters. Adjust parameters to match the curves to data sets. Which one 
(A or B) will generate a better match? 

A. B.



To plot graphs:

Type in the function you 

want to plot, and hit ”all”

Slide bar will be generated

Click the 

boundary 

value (10 

here) to 

adjust the 

region



OR, Click the 

“play” button to 

let parameters 

change 

automatically and 

observe when the 

curve gets closer 

to the data set.

To adjust parameters:

Move the “slide 

bar” to adjust the 

corresponding 

graph to match 

the data



Spread of  Common Cold - Analyze

Graph #4: The Infected Derivative as a function of  the Infected Count

Questions:

1. Describe your observations in graph #4. How does the infected derivative change with 
respect to the infected count?

2. Can one of  the following functions/equations capture the behavior?

𝒅𝒚

𝒅𝒕
= 𝒂 ⋅ 𝟒𝟎 − 𝒚

𝒅𝒚

𝒅𝒕
= 𝒂 ⋅ 𝒚 ⋅ 𝟒𝟎 − 𝒚

3. Plot the graphs of  𝑎 ⋅ (40 − 𝑦) and 𝑎 ⋅ 𝑦 ⋅ (40 − 𝑦) with Desmos on graph #4. Note 
that a, b, c are parameters. Adjust parameters to match the curves to the data. [record your 
parameter values.] Which one is a better match? 

C. D.



Solve the model (differential equation)

Use symbolab.com to solve the differential equation/model you choose to work 

the best. Don’t forget to use the parameter values you find earlier. Based on the 

solution you find, what should be the values of  𝒚 as time approaches infinity? 



Model Discussion

Among all the four possible models, discuss and explain which one matches 

the data graph better. Also, which one conceptually makes more sense?

𝒅𝒚

𝒅𝒕
= 𝒂 ⋅ 𝐬𝐢𝐧 𝒃𝒕

𝒅𝒚

𝒅𝒕
= 𝒂 ⋅ 𝒕 − 𝒃 ⋅ 𝒕 − 𝒄

𝒅𝒚

𝒅𝒕
= 𝒂 ⋅ 𝟒𝟎 − 𝒚

𝒅𝒚

𝒅𝒕
= 𝒂 ⋅ 𝒚 ⋅ 𝟒𝟎 − 𝒚

A. B.

C. D.



Model Analysis

Discuss the following questions within your group and report back:

1. Compare your data and models with another group. Are your results similar? If  
not, what do you believe led to the differences? 

2. Can our simulation be used to study diseases with a quick recovery? 

3. Can our simulation be used to study diseases that lead to a quick death?

4. What are some other real-life cases this simulation can or cannot mimic? How can 
we improve our simulation?

5. How could the model be modified?



Interesting struggles in class

1. Beans running everywhere 

2. Fails to follow instructions

3. Having difficulty understanding model 3 and model 4

4. Having difficulty using desmos to plot graphs

5. Lost track of  group members after the first class

6. Not sure what should be written down and how to explain the ideas by writing

7. Data are “ugly”

8. “ethic” of  trying to get students infected as quickly as possible



Interesting Variations

1. Different initial infection values/Different total number of  students

2. Other maps/floor plans (and different infection cases: easier to get infected in the 
cafeteria, student health center, and gym; harder to get infected in a classroom 
with open windows)

3. Vaccination/Recover – a third color of  beans

4. Quarantine 

5. Exposure (not contagious) – a fourth color of  beans

6. “Immigration” – on-campus public events – a fifth color



Repetition is a charm!

1. Euler Method

2. Systems of  differential equations 

3. Modeling discussion in the class at least once every month

4. Write a report as a final project, which includes (1) analytical calculations of  the 

simplest model; (2) numerical simulations of  a system of  a nonlinear model; (3) 

explanations in plain language; (4) short action instructions/summary to a 

politician (or university president) 



Quick summary

1. 24 students 

2. 75 minutes class

3. 5 minutes short introduction about the class + 10 minutes of  instructions about 

the activity 

4. Assign groups 

5. Begin with introduction

6. Not sure about how to “grade”



References
Main
Reference



Thank you! 

Questions and Suggestions

Comments

Yanping.Ma@lmu.edu



Share your 

ideas

tomorrow

• Date: Today

• Time: 4:30 – 4:55 pm EST// 3:30 – 3:55 pm CST// 

2:30 – 2:55 pm MT// 1:30 – 1:55 pm PST )

• This room (Main room – this room)
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