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ABSTRACT

Vaping in the United States has increased in the past decade especially among teens and young adults, causing a rise
in public concern for their health. What is relatively scarce in the previous research and the current discussion is the
question about what groups of adolescents may be more vulnerable to vaping. This research investigates this very
issue by analyzing the associations between vaping use and adolescents’ individual characteristics using a national
survey of drug use among U.S. adolescents (“Monitoring the Future: A Continuing Study of American Youth (12th-
Grade Survey)”, 2018). The findings for logistic regression show that students who struggle with academics and skip
school are more vulnerable to vaping than other students. In addition, there is a greater chance of vaping with those
students going out more often than others. The amount of money students earn from a job and other work may also
be increasing the chance for vaping. The findings can be valuable elements in designing a program of effective pre-
vention and intervention of vaping in the U.S.

Introduction

Vaping in the United States has increased in the past decade especially among teens and young adults, causing an
increase in public concern for their health. Numerous reports specify (or indicate) that vaping is highly prevalent
among U.S. adolescents. A long-term national survey of substance use among U.S. adolescents reveals that vaping
was most used by the group among tobacco-like products in 2017 and that there has been a sharp increase of 10% in
vaping among 12th graders between 2017 and 2018 (Miech et al., 2019). According to the same survey, 25% of 12th
graders have used vaped nicotine or flavoring in the past 30 days. This prevalence of vaping among adolescents is
surprising considering that vaping was first introduced to the American market in 2007 (Raven, 2019).

When introduced, vapes, or e-cigarettes, were marketed as a tool for adults to quit smoking cigarettes and
was advocated by e-cigarette manufacturing companies and some health experts (Zernike, 2018). However, the abrupt
increase in vaping among adolescents has caused health-related concerns and a call to action by parents, school offi-
cials, and health experts (Kong & Krishnan-Sarin, 2017). Several recent studies have linked adolescent vaping, smok-
ing, and other substance use. There are also reports of injuries and serious health-related consequences from long-
term use of vaping products (Lu et al., 2020). For example, a recent New York Times’ article (“I can't stop”: schools
struggle with vaping explosion”) discusses the addictive power of vaping among young people in the country (Zernike,
2018).

The question “what groups of teenagers are more likely to experience vaping” is important to parents, health
professionals, and policymakers. This research attempts to answer that question using a series of statistical analysis
techniques, including logistic regression, on a long-term, national survey of drug use by 12th-grade students in the
U.S.
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While public interest and academic research on the topic of vaping and adolescent health are growing, pub-
lished academic work and news articles are more about reporting trends in the use of vaping products, the associations
between vaping, smoking and other types of substances, and susceptibility to e-cigarette use (Kwon et al., 2019).

These studies and reports have increased awareness of vaping issues and potential health-related conse-
quences among adolescents and within communities. This, in turn, has led to discussion about the need for action in
terms of prevention and intervention through different means such as education and regulation (Prochaska, 2019).
What is relatively scarce in the previous research and the current discussion about adolescent vaping, is the question
as to what groups of adolescents may be more susceptible to vaping. This research aims to investigate this very issue
by analyzing the associations between vaping and individual adolescents’ characteristics.

This study develops three hypotheses linking certain individual characteristics with vaping adoption, drawing
upon previous studies. The findings of logistic regression analysis show that the individual characteristics of students
(school performance, economic status, and social activity) are associated with vaping use. The study develops discus-
sion and implications of the findings and provides conclusions regarding prevention and intervention of adolescent
vaping use.

Literature Review & Hypothesis Development

Vaping is a relatively new phenomenon (Raven, 2019). The literature is less clear on what theory (or theoretical
framework) may be helpful to predict vaping among adolescents. For this reason, developing hypotheses in this re-
search relies on the findings of previous studies.

Specifically, there are only a handful of studies on vaping among adolescents and individual characteristics
of these adolescents. These studies can be divided into two categories. The first category includes studies examining
susceptibility to vaping (Kaleta et al., 2019; Kwon et al., 2018),

For example, one study reported the findings from a survey of 1,693 students attending schools in a district
in central Poland (Kaleta et al., 2019). The study examined adolescents’ individual characteristics (e.g., money avail-
able per month) and family-related factors (e.g., parents’ educational levels, parental smoking, parental e-cigarette
use), which make adolescents more susceptible to vaping. Similarly, a U.S.-based study attempted to identify such
factors drawing a sample (N=9853) from the Population Assessment of Tobacco and Health (PATH) Study Wave 1.
Two questions were used to measure susceptibility: “Do you think that you will try an e-cigarette soon?”” and “If one
of your best friends were to offer you an e-cigarette, would you use it?” (Kwon et al., 2018). Kwon et al.” study
suggests that students’ individual factors such as psychology and personality are associated with increased suscepti-
bility. Questions remain as to how much susceptibility is associated with actual behavior.

The second category of research includes a limited number of studies examining actual vaping among ado-
lescents and the factors associated with vaping. One study (Kristjansson et al., 2018) compared non-smokers, e-ciga-
rette (EC) users, and dual users (doing both smoking and vaping). The authors reported some significant differences
between non-smokers and EC users in terms of social profiles. Overall, EC users have less “social support and parental
monitoring” and lower academic performance than those who have never smoked. Also, they tend to spend more time
outside of their homes at night than non-smokers. The author’s study was conducted with a sample of middle school
and high school students living in West Virginia. Another study (Park, Lee, & Min, 2017) looked at factors associated
with e-cigarette use in South Korea. The findings show significant associations between the students’ demographics
(e.g., income and/or allowance) and vaping. A literature review-based study (Perikleous et al., 2018) suggests that
adolescents with certain characteristics may be more vulnerable to vaping than others. Such characteristics include
school performance (e.g., lower academic performance), economic status (e.g., being in employment), and social ac-
tivity (e.g., for a party).

Largely drawn upon the second group of research studies, the following hypotheses were developed:
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Hypothesis 1: School performance is highly associated with vaping. Those adolescents lower in academic
performance, are more likely to experience vaping.

Hypothesis 2: Economic status is highly associated with vaping. Those with more access to money (e.g.,
through employment), are more likely to experience vaping.

Hypothesis 3: Social activity (e.g., a party) is highly associated with vaping use. Those with more active
social lives are more likely to experience vaping.

Research Methodology

Data

It is possible that vaping among adolescents can vary between countries (e.g., U.S. vs Poland) and between regions
within the same country. The research questions need a national-level survey of vaping use among adolescents in the
U.S. Also, to test the aforementioned hypotheses, the survey has to include such questions as to whether an adolescent
has ever vaped and his or her personal characteristics (e.g., academic performance, economic status). Also, to increase
the generalizability of the study’s expected findings, a national survey with a large sample size was desired.

This research relies on survey data of drug use by U.S. adolescents (“Monitoring the Future: A Continuing
Study of American Youth (12th-Grade Survey)”, 2018). The survey is a long-term national survey conducted annually
by the Inter-University Consortium for Political and Social Research at the University of Michigan (Miech et al.,
2018). The survey covers an extensive list of questions about substance use, including vaping, and 12th-grade U.S.
students’ demographics, including employment, income, recreation, and aspirations. Thus, the survey data is suitable
for this research, as it satisfies the previously mentioned conditions for testing the research hypotheses.

Specifically, there are 14,502 students in the 2018 survey data. The data contains missing values for the
column (y variable) asking “whether student has ever vaped before” for 10,179 students. This resulted in 4,323 valid
samples, which include 2,405 never vaped users (NU) and 1,918 ever vaped users (VU). This shows 44% of 12th
graders have vaped. 45% of male and 43% of female students reported they have vaped.

Variables

The survey data contained 184 variables about student demographics and other personal characteristics. All the vari-
ables were reviewed considering the hypotheses and variable selection was conducted with respect to students’ char-
acteristics. The results are ten independent variables with detailed descriptions in Table 1. These variables include
school performance (e.g., V2179), economic status (e.g., V2191), and social activity (e.g., V2194).

Next, the quality of the data with ten independent variables and the dependent variable was checked. 862
students that have one or more missing values in at least one of the independent variables were removed from further
analysis. This resulted in a sample of 3,461 students for statistical analysis. Among the sample, 1,553 students re-
sponded “Yes” to the questions “Have you every vaped?”, representing a 44.8 percent of the sample.

Table 1

A Description of Variables

Variables Variable Variable description
code

School During the last four weeks, how many whole days of school have you

choo

missed?
for- V2176

s 1="None" 2="1 Day" 3="2 Days" 4="3 Days" 5="4-5 Days" 6="6-10
mance

Days" 7="11 or More"
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During the last four weeks, how often have you gone to school, but
skipped a class when you weren't supposed to?
1="Not at all" 2="1 or 2 times" 3="3-5 times" 4="6-10 times" 5="11-20
times" 6="More than 20 times"

V2178

Which of the following best describes your average grades so far in
high school?
V2179 9="A (93-100)" 8="A- (90-92)" 7="B+ (87-89)" 6="B (83-86)" 5="B-
(80-82)" 4="C+ (77-79)" 3="C (73-76)" 2="C-(70-72)" 1="D (69 or be-
low)"

On the average over the school year, how many hours per week do you
work in a paid or unpaid job?

V2191 1="None" 2="5 or fewer hours" 3="6 to 10 hours" 4="11 to 15 hours"
5="16 to 20 hours" 6="21 to 25 hours" 7="26 to 30 hours" 8="More
than 30 hours"

During an average week, how much money do you get from a job or
other work?
1="None" 2="$1-5" 3="$6-10" 4="$11-20" 5=$21-35" 6="$36-50"
7="$51-75" 8="$76-125" 9="$126-175" 10="176+"

During an average week, how much money did you get from other
sources (allowances, etc.)?
1="None" 2="$1-5" 3="$6-10" 4="$11-20" 5=$21-35" 6="$36-50"
7="$51-75" 8="$76-125" 9="$126-175" 10="176+"

During a typical week, how many evenings do you go out for fun and

Economic
status V2192

V2193

recreation?
1="Less than one" 2="One" 3="Two" 4="Three" 5="Four or Five"
6="Six or Seven"

V2194

On the average, how often do you go out with a date (or your
Social ac- V2195 spouse/partner)?
tivity 1="Never" 2="Once a month or less" 3="2 or 3 times a month"

4="0Once a week" 5="2 or 3 times a week" 6="Over 3 times a week"

During an average week, how much do you usually drive a car, truck, or
motorcycle?
1="Not at all" 2="1 to 10 miles" 3="11 to 50 miles" 4="51 to 100
miles" 5="100 to 200 miles" 6="More than 200 miles"

To "vape" is to use a device such as a vape-pen, an e-cigarette, an e-

V2196

Dependent hookah, or e-vaporizer to inhale a mist or vapor into the lungs. Have

V2566
variable you ever vaped?
0="No” 1="Yes"

Note. The variables’ definitions are based on the survey codebook (Miech et al., 2018).

Analysis of Data

Analysis was a two-step process: running a generalized linear model (GLM) and running a special case of GLM called
bestglm(). First, the nine independent variables and one dependent variable (“ever vaped?”’) were used as the input for
a GLM where the logit function is the default function for a binomial outcome variable. The goal of the logic is to
find out which independent variables are important predictors for the dependent variable (0 for NO vaping and 1 for
YES vaping).

ISSN: 2167-1907 www.JSR.org 4



HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 10 Issue 2 (2021)

Second, the R function called bestglm (McLeod & Xu, 2010) was also applied as this technique helps “vari-
able or feature selection” by choosing the best subset of independent variables for predicting the outcome variable.
While the logit function reveals the significance of individual independent variables in predicting the outcome, the
function bestglm discovers a subset of independent variables that can maximize the accuracy of a model in predicting
the outcome. This indicates that the results of the bestglm function can complement that of the logit function model.

Results
Table 2

Means, Standard Deviations, and Correlations with Confidence Intervals.

Variable M ; 1 2 3 4 5 6 7 8 2
1.| 1.
1. V2176 61 | 21
Missing school
2. V2178 L} 0. 45%*
’ 36| 83|
43,
Skipping class [.48]
3. V2179 6. L S 14kE TR
90 | 84
-17,- | [-.20, -
Average grades [ 111 [ 13]
4. V2191 3| 2 A7HE | 14%k | - 08%*
11| 31
[.13, [.10, | [-.11, -
H f k
ours of wor 201  a71| .05
5.V2192 4| 3 d6%F*F | 12%% | - Q5%* | TTHE
70| 75
Income [.12, [.09, | [-.08, - [.76,
.19] 15] .01] 78]
6. V2193 2.| 2 A1FE | 10%** -.04* | -.06%* -.04*
81 | 42
Allowance [.08, [.07, | [-.08,- | [-.10,- | [-.07, -
14] 13] .01] .03] .01]
2. 1.
kk kk _ * kk kk
7.V2194 g4 | 35 12 .08 .02 .04 .10 .19
Social activit [.08, [.05, [-.05, [.01, [.07,| [.16,
Y 15] 12] .01] .08] 13] 22]
2. 1.
Hk $ok $ok o o $ok
8. V2195 26 | 57 .08 .07 .00 | .16 .14 12 27
Datin [.05, [.03, [-.03, [.12, [.11,| [.09, [.24,
& 1] .10] .04] .19] 18] .15] .30]
L
9. V2196 030 63 A2%E 1R Q7FF | 27FF | 20%% | 4%k | DR | DDk
Driving [.09, [.07, [.03, [.24, [.26, | [.10, [.18, | [.19,
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.15] .14] .10] .30] .32] 17] .24] .25]

10. V2566 45' 5(; 20%F [ 16%F | - 08%FF | 1T | 19%E | L1k | 2D%E | ]TRE | Q4%

[.17, [.13, ] [-.11, - [.14, [.16,| [.07,| [.19,| [.14,| [.21,
.24] .20] .05] 21] 22] .14] .25] .20] 27]
Note. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets indicate
the 95% confidence interval for each correlation. The confidence interval is a plausible range of population correla-
tions that could have caused the sample correlation (Cumming, 2014). * indicates p < .05. ** indicates p <.01.

Vaping

The descriptive statistics is summarized in Table 2. The results show a strong correlation between vaping use and all
nine independent variables. The behavior of missing school more frequently, regardless of the reason, as well as often
skipping class without permission is shown to be highly correlated with vaping. In contrast, academic grades have an
inverse relationship with the dependent variable. As seen in Table 2, all three variables linked to hypothesis 2 (eco-
nomic status) are positively correlated with vaping use. Hours of work and the amount of money received from work,
allowance, or other sources are positively correlated with vaping use. Students who go out more often for fun, recre-
ation, and dates, along with those who drive more, variables which are linked to hypothesis 3, have a positive corre-
lation with vaping use as well.

Table 3

Results of Logit Function Model and Bestglm Model.

Logit Results Bestglm() Results
Predictors Variables . Signifi- .
Coefficient p-value Coefficient Selected?
cant?
V2176 (Missing
0.22087 1.10e-09%%*%* Yes 0.22701624 Yes
school)
School per- V2178 (Skipping
0.17134 0.001053** Yes 0.17928925 Yes
formance class)
V2179 (Average
-0.07013 0.000696%** Yes -0.07347058 Yes
grades)
V2191 (Hours of
. 0.02930 0.240510 No No
Economic work)
status V2192 (Income) 0.04714 0.0020193* Yes 0.05764114 Yes
V2193 (Allowances) 0.03675 0.020193* No No
Social V2194 (Going out) 0.23172 2.49e-15%%% Yes 0.23771189 Yes
ocial ac-
tivit V2195 (Dating) 0.09947 4.81e-05%** Yes 0.10483451 Yes
ivi
4 V2196 (Driving) 0.20084 2.92e-16%** Yes 0.20885999 Yes

Note. Significance codes: “***’0.001 **0.01 **0.05 " 0.1 *’ 1

The results of the logit function model and the bestglm model are summarized in Table 3. First, the hypothesis regard-
ing school performance is supported. The results from the logic model show that all three variables related to school
performance are significant predictors of vaping among adolescents. There is a high chance of vaping among the
students who describe their average grade as low. Skipping school appears to be highly associated with vaping as well.
The bestglm model selected low grade and skipping school as two of the eight best variables in predicting vaping.
The support of Hypothesis #2 (economic status) is weak. The results of both models show that, out of the
three variables, the amount of money the students get from a job or other work is the only variable associated with
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vaping. The other two variables (the number of working hours per week and the amount of money from other sources
like allowance) are found not to be not strong predictors of vaping.

Hypothesis #3 tested the association between social activity t (e.g., a party) and vaping. The results of both
models strongly support this relationship. All three variables appear to be predictors of vaping. Going out for fun and
recreation and going out on a date are shown to be closely linked to vaping. Likewise, the amount of driving is posi-
tively associated with vaping.

Discussion and Conclusions

Hypothesis 1 (school performance) and 3 (social activity) are strongly supported, while Hypothesis 2 (economic sta-
tus) is weakly supported. Students with lower academic performance are more likely to vape because school perfor-
mance is highly associated with vaping use. A student’s economic status and access to money is not associated with
vaping use. More active social lives are highly associated with vaping use, therefore, students who go out more fre-
quently are more likely to vape.

This research finds that school performance and social culture could be important predictors of vaping among
adolescents. Those who struggle with academics and skip school are more vulnerable to involvement in vaping than
other students. In addition, there is a greater chance of vaping for those students going out more often than others.
These two factors appear to be inseparable since one may reinforce the other. While being considered less significant,
the amount of money students earn from a job and other work may be increasing the chance for vaping.

For prevention and intervention, parents, school officials, and health professionals should pay close attention
to these student characteristics. For parents, for example, their students may not much rely on allowances to purchase
vaping devices. This study suggests that money from a job may provide students with the resources to buy vaping
products and parents may be overlooking this. Also, parental role-modeling and supervision may need to be empha-
sized as this study finds that social culture is closely related to vaping. Low school performance is especially undesir-
able, as substance use increases among adolescents in the U.S. Parents and school officials should intervene in the
behavior of skipping school as early as possible. Health professionals can work with students struggling with vaping
through behavioral changes of both students and parents, such as encouraging activities with parental supervision.

The literature has suggested that vaping is linked with the use of other substances and it can lead to physical
and behavior problems among adolescents (Kong & Krishnan-Sarin, 2017). Despite these concerns and potential
health issues, vaping among adolescents has been increasing at an alarming rate (Miech et al., 2019). There has been
relatively little research on the vulnerability of certain students to vaping. This study, using a long-term, national
survey of vaping among U.S. adolescents, has filled the gap in the literature. The findings of this study can be valuable
inputs to designing a program of effective prevention and intervention of vaping in the U.S.
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