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Executive Summary 

 
Substance use and abuse is a national problem that greatly affects the physical and mental 

health of users. The users of these substances can be as young as middle school students, and 

substance use can be detrimental to their health in the long-term. The financial and non-financial 

consequences of substance abuse negatively affect societal regulations and taxes on the national 

level to control or restrict the consumption of such substances.  

 To create a mathematical model that predicts the spread of nicotine due to vaping, we 

first considered the different types of models that could be used before choosing to model the 

situation with a logistic curve. After considering all the components of the logistic equation 

(carrying capacity, rate of growth, time), we used the MATLAB Curve Fitting feature to find the 

two parameters of the logistic model. We found that the spread of nicotine was logistic with a 

carrying capacity of 24.09%. We observed that the main difference between e-cigarette and 

cigarette usage growth was that e-cigarette usage grew logistically, while cigarette usage peaked 

and then declined. 

 To establish the risk factors associated with the likelihood of a given individual using a 

certain substance, we looked into various outside datasets to get risk factor values depending on 

income level and individual sex. Our final mathematical model utilized three main parameters: 

the average of the two risk factor scores, the number of addicted friends, and the inherent ease of 

influence of the substance. With this mathematical model, we developed a simulation that 

dynamically models each student’s potential to become addicted to a given drug and used this 

simulation to make predictions. The simulation discovered that in a typical high school of 300 

students, 128 students will try nicotine, 179 students will try alcohol, 105 students will try 

marijuana, and 22 students will try opioids. It is important to keep in mind that a single student 

can use many different type of substances. 

 Our team decided to use the value of a Substance Damage (SD) score from 0 to 100 to 

rank the relative impact of each substance. The SD score is the sum of the Health Damage score, 

determined by life expectancy reduction, and the Financial Damage score, calculated by dividing 

the cost of attaining the drug by income. The final SD scores show alcohol as being most 

dangerous, with cigarettes and marijuana following in danger level, opioids following as fairly 

dangerous, and vaping being least dangerous of all. 

All three of the questions stressed the idea of the growth of drug use in schools, 

specifically the substances of nicotine, marijuana, cigarettes, alcohol, vaping, and opioids. The 

solutions to this challenge showed that the growth of drug use in schools will continue to grow as 

long as students are present to influence their friends. This frightening idea shows that stricter 

regulations and actions must be taken at the local, state, and national levels to stop the 

widespread substance abuse problem.  
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Global Assumptions 

 
1. The government will not create additional regulations or loosen regulations over drugs in 

the future of our models. 

a. Justification: Such regulations would have a large impact on drug usage. For our 

models to be consistent, we cannot take into account changes in regulation. 

 

Part 1: The Vape Awakens 

 

1.1 Restatement of Problem 

 

We are asked to create a model that predicts the spread of nicotine use due to vaping over the 

next 10 years as well as compare its growth to that of cigarettes.  

 

1.2 Local Assumptions 

 

1. Only youth and young adults will be considered for this model. 

a. Justification: The usage of e-cigarettes for the older population is largely 

correlated to other tobacco use; they are often used to replace traditional 

cigarettes. Thus, to consider the spread of e-cigarettes, we can focus on the 

younger population. 

2. The problem statement asks us to predict the spread of nicotine use due to vaping over 

the next 10 years. We interpret “the next 10 years” as the time from 2019 to 2029. 

 

1.3 Variables 

 

List of Variables for Logistic Model 

Symbol Definition Units 

K Carrying Capacity Percent 

P0 Initial Population Percent 

r Rate of Growth 1/Years (Frequency) 

t Time (Starting from 2011) Years 

Caption: This table lists all the variables and parameters present in the general form of a logistic model. 
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1.4 Results 

 

The first part of the problem asks us to mathematically model the spread of nicotine use due to 

vaping for the next 10 years. Our team believed that the best model for this spread would be a 

logistic model due to its two main characteristics: exponential growth and a limit at some fixed 

capacity. One can imagine that, like bacteria growth in a petri dish, the use of nicotine through 

vaping will grow exponentially. Once one student/person decides to start vaping, their use will 

influence their social circle or surrounding people to start vaping as well. As more 

students/people vape from that initial individual, the rate at which people start vaping will grow 

and the number of people who vape will increase exponentially. However, just like many real-

world exponential growth situations, the number of people who vape will not continue to grow 

indefinitely. The number of people who vape must reach a carrying capacity once resources 

become limited. The logistic model is perfect for our team as it takes into consideration these 

two factors. The general form for a logistic equation is 

 

with variable names and definitions as indicated above. Using the MATLAB Curve Fitting tool, 

we fitted a logistic curve of this form to data on e-cigarette usage in high schoolers from 2011 to 

2015, thus finding the following results. As one can see, the MATLAB Curve Fitting found the 

carrying capacity of the data to be 24.09% of high school students with an annual growth rate of 

0.875.  

 

 
 

 

 

 

 

 

 

 

 

Caption: This graph displays 

the logistic model of nicotine 

through vape use growth. As 

indicated by the graph, the 

usage seems to increase 

exponentially before reaching 

a carrying capacity of 24.09. 
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1.5 Comparison to Cigarette Growth 

 

The second part of the question asks us to analyze and compare the growth of vapes to the 

growth of cigarettes. Shown below is a graph of percent cigarette usage for 8th, 10th, and 12th 

graders created in MATLAB from data provided by the U.S. Department of Health and Human 

Services[2].  

 

Looking at the percent cigarette usage graph, we can see that during the period of 1991 to 1999, 

the percent cigarette usage grew almost linearly with different slopes to a peak of almost 17% 

before it started to decrease substantially. Comparing this to the graph of percent of high school 

students using vapes, the logistic model had the percent vape usage growing exponentially 

during the period of 2011 to 2018 before reaching its carrying capacity of 24.09%. The main 

difference between the growth of e-cigarettes and cigarettes is that e-cigarettes grew 

exponentially, while cigarettes grew linearly with different slopes with time. Another difference 

is that cigarette usage began to decrease after 1999, but the e-cigarette model levels off to a 

carrying capacity instead of decreasing in usage.  

 

                         Cigarette Usage of Students from 1991-2016 

 

 

 

 

 

 

Caption: The graph shows 

cigarette usage percentages 

for 8th, 10th, and 12th 

graders over a long period 

of time. One can see that 

cigarette usage increases 

linearly with differing 

slopes and then starts 

decreasing after reaching a 

maximum. 
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1.6 Validation 

 

To validate our model, we compared the percentage of high school students who vaped in 2018 

given by the model with the real percentage of high school students provided by the Centers for 

Disease Control and Prevention. The Centers for Disease Control and Prevention found that the 

rate of high school students using e-cigarettes was at an all-time high at about 20.8% in 2018[6]. 

This is in line with our result of about 23.32% from the model given t = 2018. This percentage is 

quite accurate with a relatively small population but will become less valid with a greater 

population.  

 

Our RMSE of the model has a value of 1.71%, which shows that our model is off by about that 

much on average for interpolated points, as well as extrapolated points if we assume that our 

model is sufficient.  

 

We also performed sensitivity analysis on our logistic model on nicotine spread among high 

school students. By using the same data points but varying the percentage of students vaping by 

increasing by 10% and decreasing by 10%, as shown by the blue and black function below, we 

compared the result to the original logistic model as red. As shown below, the model is robust in 

the presence of uncertainty. 

 
 


