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What Courses cover Mathematical 

Modeling ideas

Math 2320: Differential 

Equations; enrollment is 

ranging from 6 to 20.

Math 430: Mathematical 

Modeling; is ranging from 

4 to10 students.

Math 357: Probability

and Statistics, Calculus I

College Algebra...



Background of Students



Mathematical Modeling is one of the required 

courses in Math, Math Education, Electrical 

Engineering, and Computer Science majors in 

Texas A&M University - Texarkana. This course 

introduces some discrete and continuous 

models, and theoretical and empirical 

(experimental) models. Students learn the 

process of building these models and explore 

their applications. The models discussed are 

from different disciplinaries (finance, logistic, 

biology, physics, engineering).



Mathematical Modeling is one of the required 

courses in Math, Math Education, Electrical 

Engineering, and Computer Science majors in 

Texas A&M University - Texarkana. This course 

introduces some discrete and continuous 

models, and theoretical and empirical 

(experimental) models. Students learn the 

process of building these models and explore 

their applications. The models discussed are 

from different disciplinaries (finance, logistic, 

biology, physics, engineering).



To keep this class academically challenging and 

enjoyable, some projects, class problems and 

discussion, and class presentations(f-2-f or Zoom) are 

assigned to help students understand principles and 

methods.

To encourage creative ideas, students have 

flexibilities when they work on projects. They can 

set up non-differential equation models.



Covered Topics



• Overview of this modeling course

• Procedure of construction of a model (Real-
world behavior, model, mathematical 
conclusions, real-world conclusions)

• Difference Equations, Systems of 
Difference Equations, and Dynamical System 
Model; Real-world applications; Numerical 
and Analytic Solutions

• Linear and Nonlinear (Logistic) models; Long-
term behavior of these models and sensitivity 
analysis if some parameters are changed; 
equilibrium solutions
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• Model fitting for linear and nonlinear 

(logistic) models using least-square 

criteria, Chebyshev approximation 

criterion; transformation, and errors.

• Mathematical models for population 

growth, prescribing drug dosage, 

braking distance of vehicles, and more.



• Data analysis by excel spreadsheet 

computation and desmos.com; we 

will incorporate teaching computer 

languages (python or matlab) in this 

part. 

• Determine parameters using graphs.

• What assumptions should be 

included? Are they reasonable?



 SIMIODE Resources; MCM Mathematical Modeling Problems 

https://simiode.org/scudem

https://www.comap.com/undergraduate/contests/mcm/

 Numerical Methods to Solve Differential Equations (Runge Kuttta methods). in my 
modeling class.

https://reference.wolfram.com/language/tutorial/NumericalSolutionOfDifferenti
alEquations.html

 Website of Simulation of Covid-19 Virus in a Closed Environment

https://www.nctm.org/Classroom-
Resources/Illuminations/Interactives/Pandemics-How-Are-Viruses-Spread/

 Skydiving

https://abcnews.go.com/US/103-year-man-breaks-guinness-record-worlds-
oldest/story?id=71601974

https://www.wolframalpha.com/input/?i=direction+field
https://www.wolframalpha.com/input/?i=direction+field
https://reference.wolfram.com/language/tutorial/NumericalSolutionOfDifferentialEquations.html
https://www.nctm.org/Classroom-Resources/Illuminations/Interactives/Pandemics-How-Are-Viruses-Spread/
https://abcnews.go.com/US/103-year-man-breaks-guinness-record-worlds-oldest/story?id=71601974


Interdisciplinary Projects



Projects in
Spring 2021

In Spring 2021, 4 students registered to this 

class. Three of them were computer 

science majors and one student came 

from mathematics program. 

They had two projects in this semester, 

namely individual and team projects.



What did we do in preparation?

(1) Explain the procedure 
to prepare a report.

(2)What do they need?

(3) Students are 
encouraged to use 

graphs and diagrams in 
their report and 

powerpoint slides.

(4) Use MS Word (or Latex, we 
do not give any training about 
this part. Some students know 

how to edit documents with this 
software) to prepare for their 

writing. Include MS-Excel 
spreadsheet or others for 

computations.

(5) Print their name and 
what problem they are 

solving in the cover 
page.

(6) Students are 
encouraged to produce 

a short video (about 5 
minutes) to incorporate 
to their presentation.



First Choice: Safety of 

stuntmen

Assigned Projects 

(Individual Project)
In the projects below, students are required to (i) turn in a written report 

and (ii) present their results.



In this project, a stunt person 
on a motorcycle will jump 
over an elephant and land in 
a pile of cardboard boxes to 
cushion their fall. You need to 
protect the stunt person, and 
also use relatively few 
cardboard boxes (lower cost, 
not seen by camera, etc.). 
You should keep the safety of 
your team through.

Assigned Projects 

(Individual Project)
In the projects below, students are required to (i) turn in a written report 

and (ii) present their results.



In this project, a stunt person on a motorcycle will jump over an elephant and 
land in a pile of cardboard boxes to cushion their fall. You need to protect the 
stunt person, and also use relatively few cardboard boxes (lower cost, not seen 
by camera, etc.). You should keep the safety of your team through

 Part I

a) Determine what size boxes to use.
b) Determine how many boxes to use.

c) Determine how the boxes will be stacked.

d) Generalize to different combined weights (stunt person & motorcycle) and 
different jump heights.

 Part II
Your job is to build a mathematical model to handle the above tasks. In 
constructing your mathematical equations, you need to include the following
a) In the problem in part I, what data would you collect and how would you 

gather them?
b) List assumptions of your model.
c) Construct a model (and submodels) to (i) relate size of boxes to weights 

(stunt person & motorcycle) and different jump heights, (ii) relate the 
number of boxes to weights (stunt person & motorcycle). Suggest a plan to 
stack boxes.

d) Suggest a plan to test your model in (III).



Some Students' Model



Daredevils
•

•

•



Chart

Evel Knievel Debbie Lawler Robbie Maddison

Riders Height (RH) 6 inches 5.2 inches 5.10 inches

Riders Weight (RW) 166lbs 106lbs 163lbs

Bikes Weight (BW) Harley-Davidson XR-750

295lbs

Suzuki TM250

245lbs

Yamaha YZ 250

219lbs

All Weight (AW) 461lbs 351lbs 382lbs

Bike’s Speed (BS) 115 mph 75 mph 55-70 mph

L:

W:

H:

87.6 inches

32.1 inches

27.9 inches

86 inches

35 inches

43.3 inches

84.5 inches

32.6 inches

51.1 inches

Distance Traveled 141 Ft 101 ft 351 ft



Boxes: 

•

•

•

•

•

•

•

209kg, 0.276kg bx
KE=0.5mv^2
KE=0.5(209)(20.11^2)
KE=42308.69 J

PE=0.276gh --- h = ST-0.5gT^2
PE=0.276(9.8)(89.33)
PE =241.65J

42308.69/241.65 = 175 box high 



Second choice: 

Population 

Dynamics between 
cottony-cushion insect 
and ladybug beetle



In 1868, the accidental 

introduction into the 

United States of cottony-

cushion insect 

(Icerya purchasi) from 

Australia threatened to 

destroy the American citrus 

industry. To counteract this 

situation, a natural 

Australian predator, a 

ladybird 

beetle (Novius cardianalis), 

was imported. The beetles 

kept the insects to 

a relatively low level. When 

DDT (an insecticide) was 

discovered to kill scale 

insects...



In this project, the accidental introduction into the United States of cottony-cushion 
insect (Icerya purchasi) in 1868 from Australia threatened to destroy the American 
citrus industry. To counteract this situation, a natural Australian predator, a ladybug 
beetle (Novius cardianalis), was imported. The beetles kept the insects to a relatively 
low level. When DDT (an insecticide) was discovered to kill scale insects, farmers 
applied it in the hope of reducing the scale insect population even further. However, 
DDT turned out to be fatal to the beetle as well, and the overall effect of using the 
insecticide was to increase the numbers of the scale insect. . Let 𝐶𝑛 and 𝐵𝑛 represent the 
cottony-cushion insect and ladybird beetle population levels, respectively

Part I

a) How do you model the interaction between the cottony-cushion insects and ladybug 
beetles? Explain the meaning of the parameters that you used.

b) Now, you modify the predator-prey model to reflect a predator-prey system in which farmers 
apply (on a regular basis) an insecticide that destroys both the insect predator and the insect prey 
at the rate proportional to the numbers present.

c) Now, you pick THREE different set of values for your parameters and try several starting values. 
What is the long-term behavior predicted by your model? Then use a computer program to 
evaluate 𝐶1, 𝐶2, … , 𝐶100; 𝐵1, 𝐵2, … , 𝐵100.. What is the long-term behavior predicted by your 
model?

Part II
I. In the problem in part I, what data would you collect and how would you gather them?
II. List assumptions of your model.

III. Suggest one method to test your model in (II).



Problem 1 (Out of Gas and Driving on Electric (not empty 
Gas) – 2018 ICM problem): For both environmental and 
economic reasons, there is global interest in reducing the use 
of fossil fuels, including gasoline for cars. Whether motivated 
by the environment or by the economics, consumers are 
starting to migrate to electric vehicles. Several countries are 
seeing early signs of the potential for rapid growth in the 
adoption of electric vehicles. In the US and other countries, 
the release of the more affordable all-electric Tesla Model 3 
has resulted in record numbers of pre-orders and long wait 
lists (https://www.wired.com/story/tesla-model-3-delivery-
timeline/). To further accelerate the switch to electric 
vehicles, some countries, including China, have announced 
that they will ban gasoline and diesel cars in the coming years 
(http://money.cnn.com/2017/09/11/news/china-gas-electric-
car-ban/index.html).

Assigned Projects (Team Project)

https://www.wired.com/story/tesla-model-3-delivery-timeline/)
http://money.cnn.com/2017/09/11/news/china-gas-electric-car-ban/index.html


In fact, the location and convenience of charging stations is 
critical as early adopters and eventually mainstream 
consumers volunteer to switch
(http://www.govtech.com/fs/Building-Out-Electric-Vehicle-
Infrastructure-Where-Are-the-Best-Locations-for-Charging-
Stations.html).... Before they can begin, they would like your 
team’s help in determining the final architecture of 
the charging network to support the full adoption of all-
electric vehicles. Additionally, they would like you to identify 
the key factors that will be important as they plan their 
timeline for an eventual ban or dramatic reduction of gasoline 
and diesel vehicles.

http://www.govtech.com/fs/Building-Out-Electric-Vehicle-Infrastructure-Where-Are-the-Best-Locations-for-Charging-Stations.html


Questions for this project
Explore the current and growing network of Tesla charging stations in 
some cities (such as Dallas and Houston) at Texas. You are going to answer 
the following two questions in this projects.
1. Tesla currently offers charging station that destination charging 

designed for charging for several hours at a time or even overnight 
(https://www.tesla.com/destination-charging). Tesla also offers 
supercharging designed station that vehicles traveling for longer road 
trips to provide up to 170 miles of range in as little as 30 minutes of 
charging (https://www.tesla.com/supercharger). These stations are in 
addition to at-home charging used by many Tesla owners who have a 
personal garage or a driveway with power. Is Tesla on track to allow a 
complete switch to all-charging (destination and supercharging 
designed) stations in Dallas?

2. If everyone switched to all-electric personal passenger vehicles 
in Texas, how many charging stations would be needed, and 
how should they be distributed between urban, suburban, and 
rural areas?

file:///D:/MyFile/A&M%20Texarkana/Math%20430%20Mathematical%20Modeling/(https:/www.tesla.com/destination-charging
https://www.tesla.com/supercharger


Problem 2 (How does climate change influence 

regional instability? 2018 ICM Problem): The effects 

of Climate Change, to include increased 

droughts, shrinking glaciers, changing animal and 

plant ranges, and sea level rise, are already 

being realized and vary from region to region. The 

Intergovernmental Panel on Climate Change 

suggests that the net damage costs of climate 

change are likely to be significant. Many of these 

effects will alter the way humans live and may 

have the potential to cause the weakening and 

breakdown of social and governmental structures. 

Consequently, destabilized governments could 

result in fragile countries.



Questions for the Project

1. Develop a model that determines a country's fragility and 

simultaneously measures the impact of climate change. 

Your model should identify when a state is fragile, 

vulnerable, or stable. It should also identify how climate 

change increases fragility through direct means or 

indirectly as it influences other factors and indicators.

2. Select ONE of the top 10 most fragile states in the US as 

determined by the Fragile State Index

(http://fundforpeace.org/fsi/data/; 

https://fragilestatesindex.org/ ) and determine how 

climate change may have increased fragility of that 

state. Use your model to show in what way(s) the state 

may be less fragile without these effects.

http://fundforpeace.org/fsi/data/
https://fragilestatesindex.org/


Some Students' Model



 Our main equation of Fragility is determined by four variables; 
social, political, economic and cohesion. We call it the SPEC 
model.

 Fragility=F

 Social=s

 Political=p

 Economic=e

 Cohesion=c

 Fragility=social+political+economic+cohesion

 F=s+p+e+c

 The SPEC model can be expanded further to be represented by a 
total of 12 variables. The equation for such can be displayed as 
shown below.

 ss = demographics + refugees + external intervention

 pp = state legitimacy + public services + human rights

 ee = economic decline + uneven deployment + Human flight

 cc = security apparatus + factionalized + Group Grievance



Solutions and 

Analysis

 Most of the time, 

students spend 

time to solve 

models, analyze 

them, and 

understand the 

behavior of 

solutions. Then, 

they make 

conclusion based 

on the solutions.



Common problems in 

handling project

Students have little or no background about 
mathematical modeling.

Students do not have experience to set up reasonable 
assumptions.

When they met problems, they do not know how to 
handle.

They have little experience to write a report or a proper 
powerpoint slides.

They need practices of their presentations.



Questions?



Thank you


