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Why Opioid Projecit?

» Mathematical modelling is integral part of biomedical engineering,
computer game design, and many more applications

» Massachuseftts is ranked among the top ten states with the highest rates of
drug overdose deaths in 2017.

» Student feedback: from the project: What do you consider to be the
strengths of this course?

The project was interesting to also be able fo use math fo connect it to
a real life problem.

The explanation of material and how it could relate to something learned in
another math course or when the topic would be used in real life.



Project OVERVIEW

The students work in group(s) to use their calculus skills from the class to
analyze real world data.

We will gather data from the health indicators database.

We will use statistics applet to create mathematical model for each
state in USA.

We will use calculus to determine the trends of opioid epidemic.




Americans were prescribed an average of 59 prescriptions per 100 people in 2017

Explore State and Local Data

Vv Find Your State

v Find Your District




Preliminary Work: Choosing an opioid

related health indicator for the

—_—

There is a lot of data available about the increase of opioid use and its
consequences. For example, the health indicators database:
hitps://opioid.amfar.org/

Different health indicators studies in class can be:
v The number of opioid prescriptions dispensed, per 100 U.S. residents

v The rate of death from drug poisoning, including both illicit and
prescription drugs, per 100,000 population

v The total number of deaths from drug poisoning, including both illicit and
prescription drugs.


https://opioid.amfar.org/

Preliminary work: Data gathering

» DATA:

The students selected 16-17 states (aroup of 3) and aathered data such as:

Onelrive Shanes Drug states £ Edit in Bro

A B C D
States (2017) # of Opioids Dispensed per 100 us residents Death Rate from Drug Poisoning per 100,000 Total # of deaths from death poisoning

2 |Idaho 70.3 13.7 236
3 |llinois 511 21.7 2,778
4 |Indiana 74.2 27.8 1,852
5 Kentucky 6.8 35.2 1,566
& |lowa 564 10.8 341
7 |Qregon 66.1 12.8 230
8 |Washignton 57.2 15.8 1,165
9 |Montana 61.1 11.3 119
10 |Wyoming 64.8 11.9 69
11 | Morth Dakota 41.5 g ]
12 | South Dakota 45 54 73
12 Mebraska 36.6 7.9 152
14 Minnesota 41 131 733
15 |Wisconsin 526 20.3 1,177
15 | Tennessee 94.4 264 1,776
17 | Ohio 63.5 43.8 5,111

18 |Michigan 74.2 27 2,654




Modelling with Exponential and

Polynomial Regressions

» We used desmos graphing calculator online to create a
mathematical model for each state.

» The students used either polynomial or exponential
correlation that best fit the model for each state:

» hitps://support.desmos.com/hc/en-
us/articles/202532159-Regressions

» NOTE: We considered the function a good fit if the
coefficient of determinationr 2 was .9 or higher.



https://support.desmos.com/hc/en-us/articles/202532159-Regressions

Modelling with Desmos
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Modelling with Desmos




Predictions

<« Graph all these vector-valued functions and discuss the difference
from 2017 1o 2019

<« The change in next 5(2024) and 10 (2029) years.

% Determine the maximums and minimums for 2019, 2024 and 2029.



Predictions

44 | STATES 2015 2024 2025
45 |ldaho 0 0 0
46 lllinois 0 0 0
47 |Indiana 1214 0 0
48 |Kentucky 3263 57161 348785
49 lowa 1456 39465 240321
50 |Oerogn 179 0 0
51 Washington 4029 96935 582681
52 |Montana 918 27568 167346
53 |Wyoming 0 0 0
54 | North dakota 0 0 0
55 | South Dakota 22 0 0
56 Nebraska 736 14706 81581
57 Minnesota 467 0 8]
58 Wisconsin 0 0 0
59 | Tennessee 2485 235974 146166
60 |Ohio 0 0 0
61 |Michigan 1108 0 0
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Combining all the results

» To collect all the work fogether, the students used
onedrive.

» Our goal was to generate heat maps for the whole
country for each individual year.



Heat map

» The class used the contour map/heat map generation such as:

https://simplemaps.com/custom/us/UlgocvdU#data

A more detailed one is at:

https://www.espatial.com/create-heat-maps



https://simplemaps.com/custom/us/UIgocvdU#data
https://www.espatial.com/create-heat-maps

Heat map

Visualize Data (optional)

Visualize data with a heat mapl Enter your data, choose a base color, and click "Visualize Data” The tool will vary the intensity of each state's color
based on the value of its data point. If #data# is used in the the default description, it will be replaced with state-specific data upon visualization.

Name D Data Valu Base Color*

Hawaii HI 203 ||:| - |
Alaska AK 147 I
Florida FL 5088 Sorting States™
New Hampshire NH 467 o )
Vermont VT 134 & Quintiles (Sort states equally into five groups)
Maine ME 424 Range (Divide the range of the data equally)
Rhode Island RI 320 Legend Rounding™
New York NY 3921
Pennsylvania PA 5388 Round to ones (i.e. 1768.4 to 1768) v
MNew Jersey NJ 2685
Delaware DE 338
Maryland MD 2247
Virginia VA 1507
West Virginia Wy 974 Legend HTML
Ohie OH 5111
Indiana IN 1852 <style type="text/fcss">
Hinois L 2778 .legend{color: black; width: 180%; font-family: arial; font-size: 1dpx;}

. .legend color {display: table; width: 188%; background: white; list-style: none;
Connecticut cT 1072 .legend_color li{width: 20%; height: 28px; display: table-cell;}
\Wisconsin wi nrr .legend label {display: table; width: 1088%; padding: @px; padding-left: 18%; pad:
North Carolina NC 2414 .legend label li{width: 25%; height: 208px; display: table-cell; text-align: cents
District of Columbia DC

</style>
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Predictions

» A) Originally, the highest amount of deaths due to opioids was in Pennsylvania
in 2017; however the highest deaths in a state for 2019 would be in North
Caroling, based on mathematical predictions. The predicted deaths in North
Carolina in 2019 is 2188 deaths. This is lower than the death count for North
Carolinain 2017 by 226 deaths.

» B) The highest death count in 2024 is 28909 deaths in Rhode Island; an increase
of nearly 28000 deaths since the 2019 prediction. The problem of opioids seems
to be completely solved in mostly every other state other than Rhode Island
and Connecticut.

» C)In 2029, the highest death count due to opioids is Rhode Island once again.
By this year, the prediction for the death count in Rhode Island is 184099
deaths. This is significantly higher and it appears the problem will continue to
grow as time goes on. The only other state with this problem is Connecticut,
having a predicted death count of 79998 deathes.



» We created visual maps for the data for 2019, 2024 and 2029 and
discussed the changes as class.

v What does the slope mean?

v Where is the change the most drastic the (the highest increase) and what
Is the estimated slope?¢

v Where is the change lowest?

v Why is the function value 0 in some areas in 2029 and does that mean one
does not need to worry about opioid use in these states?



Analyzing our Mathematical Model

» Some counties near us have high rates for opioid overdose, it would be
informative to study different counties is each state separately.

» Using statistics per state or per 10000 people will lead to different answers.
» Understand possible causes for the extrema.
What are the challenges for future predictions?
What is the end behavior of a polynomial and exponential function?
What would give a better model? Higher degree, different functions etc.

» Presenting real-world mathematical work is a useful “employable skill” for future.




PROJECT LOGISTICS: Presentation on November 28 during our

class

The grading rubric 1s as follows:

Maximum | Your score

& Preliminary outline /guestions in class
due Nov 16 10

Project in class:
e« Calculations are cormrect 10
« Report is easily readable/presentable and
explanations and justifications

are comprehensive 10
« Technology is used appropriately 10
e Questions to your classmates 10

Total: 50 points
Your Total points




Marketable learning outcomes

» Work in groups on interdisciplinary project.

» Collaborate with students from different backgrounds.
» Model data with mathematics.

» Build confidence in working with data and mathematics.
» Present and list the presentation on the resume.



Thank you!

Annela Kelly

annelakelly@regiscollege.edu



