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RESEARCH NOTE

Social analySiS of HigH ScHool Vaping

Applying Social Network Theory to Vaping in High School: Implications for 
Person-Centered Intervention

Daniel Roy Sadek Habiba  and Annabel Kadyb 
aVanderbilt University School of Medicine, nashville, Tennessee, USa; bDepartment of psychology, University of california at los angeles, los 
angeles, ca, USa

ABSTRACT
Background: Peer influence on risky behavior is particularly potent in adolescence and varies by 
gender. Smoking prevention programs focused on peer-group leaders have shown great promise, 
and a social influence model has proven effective in understanding adult smoking networks but has 
not been applied to adolescent vaping until 2023. This work aims to apply a social influence model 
to analyze vaping by gender in a high school network. Methods: A high school’s student body was 
emailed an online survey asking for gender, age, grade level, vape status, and the names of three 
friends. Custom Java and MATLAB scripts were written to create a directed graph, compute centrality 
measures, and perform Fisher’s exact tests to compare centrality measures by demographic variables 
and vape status. Results: Of 192 students in the school, 102 students responded. Students who vape 
were in closer-knit friend groups than students who do not vape (p < .05). Compared to males who 
vape, females who vape had more social ties to other students who vape, exhibiting greater 
homophily (p < .01). Compared to females who do not vape, females who vape were in closer-knit 
friend groups (p < .05) and had more ties to other students who vape (p < .01). Conclusion: Differences 
in vaping by social connectedness and gender necessitate school and state policies incorporating the 
social aspect of vaping in public health initiatives. Large-scale research should determine if trends can 
be generalized across student bodies, and more granular studies should investigate differences in 
motivations and social influence by demographic variables to individualize cessation strategies.

Background

From 2016–2023, the percentage of high schoolers using 
combustible cigarettes decreased from 8% to 3.9% (Birdsey 
et  al., 2023; Cullen et  al., 2019). On the other hand, 
e-cigarette use initially rose from 11.3% to 27.5% among 
high schoolers and 4.3% to 10.5% among middle schoolers 
before decreasing to 10% and 4.6%, respectively, partly due 
to public health campaigns against flavored e-cigarettes 
(Birdsey et  al., 2023; Cooper et  al., 2022; Jones & Salzman, 
2020). Despite a significant decrease among high schoolers, 
there was no significant change in middle school e-cigarette 
use from the year before (Birdsey et  al., 2023). Additionally, 
despite cessation, nicotine exposure inhibits adolescent brain 
development and increases the risk of psychiatric disorders 
and cognitive impairment later in life (England et  al., 2015; 
Goriounova & Mansvelder, 2012). Thus, adolescent nicotine 
use remains a salient issue.

Research has revealed the importance of dyadic and 
group-level social relationships in understanding initiation 
and continuation of smoking behavior (Chen et  al., 2001; 
Powell et  al., 2005), and a growing body of literature has 
started to examine these relationships using larger social 

networks. One pattern that can be observed by leveraging 
social network theory is homophily (McPherson et al., 2001), 
the tendency to choose friends who exhibit similar behav-
iors. Adults who smoke are friends with people who smoke 
and grow more distant within their larger social networks 
(Blok et  al., 2017; Christakis & Fowler, 2008). Given funda-
mental differences between adults and adolescents and ado-
lescent vape dependence only recently moving to the 
forefront of public health studies (Kong & Krishnan-Sarin, 
2017), applying adult-based strategies to address adolescent 
nicotine consumption may be insufficient (Bailey et al., 2009).

The social influence model, specifically involving peer 
leaders, has shown promise when applied to high 
school-based smoking prevention programs (Flay, 2009). 
Having fewer substance-using peers in schools can reduce 
the likelihood of exposing other students to risk factors 
(Cleveland & Wiebe, 2003). However, the applicability of the 
social influence model for school-based vaping prevention 
has not yet been studied in detail; only the impact of vape 
control policies has been addressed (Milicic et  al., 2018). 
This gap necessitates a bridge between adolescent-specific 
methodology and the social influence model to study social 
influences on vaping.
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Valente et  al. (2023) was the first study to apply a social 
influence model to analyze vaping in high school networks. 
Valente et  al.’s (2023) findings from one Midwestern U.S. 
school district indicated that adolescents choose friends of 
the same gender, and adolescents who vape choose friends 
who vape (i.e. exhibit gender and vaping homophily). Given 
the novelty of applying social network theory to vaping 
among high school students, this article aims to investigate 
vaping homophily by gender in a Northeastern U.S. school, 
help identify unique challenges involved in studying adoles-
cent vaping behaviors, and explore future directions for 
applying social network analysis to this population.

Methods

Survey

One high school’s administrators were asked to email a sur-
vey to which students could voluntarily assent with no 
promise of compensation. The survey included gender, age, 
level of education, vape status, and peer influence status. 
Vape status was positive if the student responded “true” to 
vaping at least once every 2 weeks. Students were also asked 
to list three friends in their high school in order of decreas-
ing strength of the friendship (friendship tie strength of one 
being weakest [i.e. friend listed last] and three being stron-
gest). The students were restricted to choosing three ties 
because respondents given more than three choices may 
select friends to whom they believe they should be con-
nected (e.g. more popular people) rather than indicate their 
true friends (De Nooy et  al., 2018). Influence status was a 
binary choice considered positive if the student responded 
true to, “I think my friends heavily influence my actions.”

Analysis

Pajek was used to create a network graph with de-identified 
nodes spaced out according to centrality using the 
spring-based Kamada-Kawai energy function (Kamada & 
Kawai, 1989). The percentage of students who vape across 
the other survey variables was calculated. The number and 
average strength of social ties were calculated for every 

student in the network. Fisher’s exact tests assessed associa-
tions between vaping and gender, age, grade level, influence 
status, average tie strength, and average number of ties. 
Proportion of ties to students who vape by gender was cal-
culated to assess homophily. Weighted clustering coefficient 
is a measure of how interconnected friends are. It is calcu-
lated by the proportion of one’s friends who are also friends 
with each other, accounting for friendship strength. Student’s 
t-tests compared homophily scores and clustering coeffi-
cients by vape status and gender (https://github.com/njha02/
surveyAnalysis).

Results

Of 192 students in the high school, 102 students responded 
(Table 1; Suppl. Table 1; Figure 1). There was no significant 
association between vaping and gender, age, grade level, 
influence status, tie strength, and number of ties (Table 1). 
Students who vape exhibited a higher clustering coefficient 
and were thus in closer-knit friend groups than students 
who do not vape (Figure 2(a); Suppl. Table 2). Although the 

Table 1. Vape status by gender, age, grade level, self-reported peer-influence 
status, average tie strength, and average number of ties.

Vape (N, %)
Don’t vape  

(N, %) Total (N, %) P value

female 5, 4.9% 42, 41.2% 47, 46.1% 1.000
Male 5, 4.9% 48, 47.1% 53, 52%
other gender 

identity
0, 0% 2, 2.0% 2, 2.0%

age 17 and under 8, 7.8% 72, 70.6% 80, 78.4% 1.000
age 18+ 2, 2.0% 20, 19.6% 22, 21.6%
9th grade 0, 0% 12, 11.8% 12, 11.8% .480
10th grade 4, 3.9% 22, 21.6% 26, 25.5%
11th grade 4, 3.9% 28, 27.5% 32, 31.4%
12th grade 2, 2.0% 30, 29.4% 32, 31.4%
Heavily influenced 7, 6.9% 44, 43.1% 51, 50% .318
not heavily 

influenced
3, 2.9% 48, 47.1% 51, 50%

above average tie 
strength

7, 6.9% 60, 58.8% 67, 65.7% 1.000

Below average tie 
strength

3, 2.9% 32, 31.4% 35, 34.3%

above average 
number of ties

7, 6.9% 48, 47.1% 55, 53.9% .335

Below average 
number of ties

3, 2.9% 44, 43.1% 47, 46.1%

Figure 1. High school network by gender, vape status, and self-reported susceptibility to peer influence.
Triangle: female; Square: Male; circle: other gender identity; White circle: Did not respond but in a respondent’s friend list; Dark blue: Do not vape and believe they are influenced by 
peers; cyan: Do not vape and believe they are not influenced; Bright red: Vape and believe they are influenced light mango: Vape and believe that they are not influenced; purple circle 
denotes a closed network of female students bridged by one student.
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same number of males and females vape at least once every 
2 weeks, males who vape were scattered throughout the 
school network while females who vape exhibited a higher 
proportion of ties to students who vape, indicating greater 
homophily (Figures 1 and 2(b); Suppl. Table 2). Compared 
to females who do not vape, females who vape were in 
closer-knit friend groups (Figure 2(a)) and had more ties to 
other students who vape (Figure 2(b)). Of note, one female 
in-group exhibited unique network characteristics: one 
female student who does not vape bridges the other three 
female students to the rest of the network (Figure 1).

Discussion

Taking previous findings of homophily among adolescents 
who vape one step further, we show that adolescents who vape 
are in closer-knit networks, and females who vape exhibit 
more homophily than males who vape in this school. Prior 
work has shown that females can be more susceptible to peer 
influence on deviant behavior without parental supervision 
(Svensson, 2003) and are more likely to form close-knit rather 
than extensive networks (David-Barrett et  al., 2015). In-groups 
allow group identity to reinforce preferences, impose excessive 
demands for group conformity, and face fewer challenges to 
their norms from alternative influences outside the in-group 
(Ellwardt et  al., 2020; Kondo et  al., 2012). This might have 
been the case for the female in-group of this study. Therefore, 
it is essential to determine if female students who vape are 
more likely to be tied to other students who vape across other 
schools. Peer group vaping prevention strategies may prove 
effective for female high schoolers, while male students may 
benefit more from a person-centered approach.

There remains a gap in understanding internal factors of 
adolescent vaping. In a study of teens and adults switching 
from combustible to electronic cigarettes, females more often 
sought to control undesirable moods and were more likely 
to be recommended by friends, while males were more likely 
to switch due to curiosity and maintenance of positive rein-
forcers (Piñeiro et  al., 2016). Additionally, we found that 

some high schoolers may exhibit insight into the fact that 
they are influenced by peers yet continue to partake in 
peer-influenced behaviors. More granular studies are needed 
to create new objective metrics and determine differences in 
motivation (e.g. vaping for relief or reward, fitting in socially, 
etc.) and perceived peer-influence status by demographics to 
individualize cessation strategies. Findings from these studies 
can inform the development of personalized primary and 
tertiary prevention for vaping and nicotine use disorder 
among youth.

Limitations

Accurately surveying minors, especially considering the 
vaping epidemic’s rise within the last decade (Jones & 
Salzman, 2020), is unique. As such, the scientific commu-
nity has not yet optimized novel methodology, and the 
self-reported status of vaping constitutes a limitation. 
Although anonymous self-reported smoking habits have 
proven reliable among adults (Dolcini et  al., 1996), partici-
pants in the study may have under-reported usage due to 
fear of legal or parental repercussions. Respondents were 
not asked to report vaping propensities of their social ties 
because adolescents’ perceptions of peer substance use tend 
to be biased (Henry et  al., 2011). However, other aspects of 
a school-based approach are compelling, such as low selec-
tion bias and high response rate (Helweg-Larsen & 
Bøving-Larsen, 2003). Students have been previously 
required by their high school to answer questions on sub-
stance use. Although challenging to implement ethically, 
the social influence survey may be modified to obtain inte-
gral social influence data and may prove vital to maximiz-
ing the response rate in future studies.

Despite most students responding to the survey in the 
school, the small sample size limited generalization. The 
sample may not be representative of U.S. high schoolers 
since only one school was surveyed. Additionally, the small 
sample of 10 students who vape might introduce bias into 
reported gender differences, but even if there is some degree 

Figure 2. Weighted clustering coefficient (a) and proportion of ties to respondents who vape (b) by gender and Vape Status. *p < .05; **p<.01

https://doi.org/10.1080/10826084.2024.2359714
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of social desirability or self-selection bias, the percentage of 
respondents who vape (9.8%) matches the national average 
of 10% (Birdsey et  al., 2023).

Our pilot study serves to guide future work rather than 
establish definitive trends. Gathering data on a particular 
school might inform intervention for that school’s student 
body even if the results do not apply to other schools. Along 
with survey responses themselves, creative methods to use 
untapped network information and calculate other centrality 
measures should be explored. For instance, many students 
who did not take the survey were listed as close ties to the 
53% of students who did respond, giving a reasonable 
approximation of the positions of 160 students (83%), which 
could potentially be better incorporated into the network 
using predictive models. Future studies should determine 
what proportion of the network should be encapsulated to 
produce accurate results while balancing the logistical chal-
lenges of contacting administrators/students and achieving a 
satisfactory response rate. Since this study is limited by its 
focus on only one school, future research should also estab-
lish longitudinal trends across student bodies while account-
ing for differences between schools (e.g. U.S. census region, 
public/private, urban/rural, Social Vulnerability Index, etc.).

Conclusion

Applying social network theory can reveal previously untapped 
information to address vaping among a unique student body. 
Since females and males who vape exhibit different network 
characteristics, public health entities and schools should 
explore person-centered intervention strategies that incorpo-
rate individual traits and social information. Optimizing high 
school vaping prevention programs will likely require balanc-
ing an overarching framework for all schools and intervention 
specific to each school’s student body. This work supports a 
general framework for assessing peer-influenced behavior and 
highlights the importance of translating findings to adapt 
evidence-based intervention strategies.
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