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Abstract of the Dissertation

Existing literature examining perceptions of nicotine addiction are largely surface
level questions or fail to align with diagnostic criteria of tobacco use disorder. The
disentanglement of the physical, psychological, and social components of nicotine
addiction are needed to better understand what addiction means to people. Understanding
how the lay person views and thinks about nicotine addiction may provide insight into
non-smokers initiation intentions, smokers consumption habits, and quit intentions. This
study developed and validated a novel scale assessing perceptions of nicotine addiction
that comprehensively aligns with the clinical dimensions of nicotine addiction. To
establish the scale’s construct validity, this study utilized cognitive interviews for item
development, exploratory and confirmatory factor analysis and psychometric evaluation
for scale development, and assessed convergent, discriminant, and criterion validity for
scale evaluation. The proposed scale returned adequate diagnostics using psychometric
evaluation and its construct validity was established using three assessments of validity.
The findings from this study suggest that perceptions of nicotine addiction may not align
with clinical dimensions of addiction, and that public health education efforts should
focus on the experiences of addiction rather than emphasizing the consequences of
addiction.



Chapter 1: Introduction

Prevalence of tobacco use remains problematic (World Health Organization,
2022) and epidemiologically, one of the most common addictions (Diehl & Scherbaum,
2008; Grant et al., 2004; McCrabb et al., 2019) with 85% of daily smokers and 44% of
non-daily smokers meeting the diagnostic criteria of addiction (Oliver & Foulds, 2021).
Other health consequences associated with tobacco use are well documented, including
chronic pulmonary obstructive disorder, various cancers, cirrhosis, and even death
(Centers for Disease Control and Prevention, 2020a). Despite decades of research
demonstrating the consequences of nicotine addiction, many people (including those with
diagnosed substance use disorder/addiction) are unsuccessful in their initial attempts to
quit smoking (Quisenberry et al., 2019).

Therefore, it is important to understand the duality of nicotine addiction: 1) not
only can addiction lead to negative health outcomes, but 2) addiction is an
outcome/disorder that pervades one’s social, physical, emotional, and psychological well-
being. Thus far, most research has adopted the view of the former and emphasizes the
consequences of addiction. This is evidenced by the definition of addiction utilized by the
National Institute on Drug Abuse (2018) that classifies addiction as a chronic, relapsing
disorder characterized by compulsive drug seeking, continued use despite harmful
consequences and long lasting-changes in the brain.

Faced with declining cigarette consumption as a result of strong tobacco control
measures, tobacco companies are increasingly promoting alternative methods of nicotine
consumption. These products are presented as “risk reductive” primarily because they are
reported to allow a consumer to avoid negative consequences of combustion which
includes inhalation of particles and hydrocarbons that can cause severe tissue damage
(California Air Resources Board, n.d.). However, these alternative products have been
shown to hold their own risk (Centers for Disease Control and Prevention, 2023) and do
not reduce the harm of addiction itself.

The Rise of E-cigarettes

Whereas cigarette use is at an all-time low (SAMHSA & Office of the Surgeon
General, 2020), electronic-cigarette (e-cigarette) use has been steadily climbing (Dai &
Leventhal, 2019; Obisesan et al., 2020). As of 2021, an estimated 11.5% of U.S. adults
currently use traditional, combustible cigarettes and 4.5% use e-cigarettes (Cornelius et
al., 2023), making these two products the most common methods of nicotine
consumption (World Health Organization, 2023). Given the changing landscape of
tobacco use over the past decade, it is probable that cigarette use may no longer be the
prototype of nicotine use for most people; e-cigarette use will be the prototype,
particularly among younger generations (United States Department of Health and Human
Services, 2016).

Over the past decade, e-cigarettes have garnered much attention from researchers
and lay people alike. Initially touted as a cessation tool for combustible cigarette users
(United States Department of Health and Human Services, 2016), e-cigarette use has
permeated into other groups, including people who have never used combustible
cigarettes before (Barrington-Trimis et al., 2016; Bunnell et al., 2015; Schneider & Diehl,
2016). Existing research suggests that most perceive e-cigarettes to be less addictive than
traditional cigarettes (Maglia et al., 2018; Perry et al., 2023). Although the addictive



component of tobacco products is nicotine, dual users report fundamental differences in
their addictions to cigarettes and e-cigarettes, despite the fact that they both contain
nicotine (Morean et al., 2018). However, much of the current research assessing people’s
perceptions of addiction to e-cigarettes are in comparison to combustible cigarettes
(Temourian et al., under review). Thus, it is difficult to meaningfully understand how
people perceive nicotine addiction to e-cigarettes as this measure is dependent upon the
measure of cigarette addiction. Moreover, assessments of perceptions of nicotine
addiction must be distinguished from diagnostic measures of nicotine addiction as the
former assesses people’s beliefs surrounding addiction whereas the latter assesses
addictive behavior.

Nicotine Addiction in Clinical vs Research Settings

There is a large divide in the diagnosis of nicotine addiction between clinicians
and researchers. From a clinical standpoint (American Psychiatric Association, 2013),
manifestation of tobacco use disorder (i.e., addiction) involves experiencing at least two
of 11 dimensions within a 12-month period, with more dimensions experienced equating
to more severe addiction. These 11 dimensions include: (1) consuming substance in
larger amounts or over a longer period than intended, (2) a persistent desire or
unsuccessful efforts to reduce or control substance use, (3) a great deal of time is spent in
activities necessary to obtain or use substance, (4) craving of substance, (5) recurrent
substance use resulting in failure to fulfill major role obligations, (6) continued substance
use despite persistent or recurrent social or interpersonal problems caused or exacerbated
by the effects of the product, (7) important social, occupational, or recreational activities
are given up or reduced because of substance use, (8) recurrent substance use in
physically hazardous conditions, (9) continued substance use despite knowledge and
experience of psychological or physical harm associated with substance use, (10)
tolerance of substance, and (11) withdrawal from substance.

In contrast, researchers classify others’ nicotine addiction using a variety of scales
including the Nicotine Dependence Syndrome Scale (NDSS; Shiffman et al., 2004), the
12-item Cigarette Dependence Scale (Etter et al., 2003), or, more commonly, the
Fagerstrom Test for Nicotine Dependence (FTND; Heatherton et al., 1991). The FTND
and NDSS are ubiquitous in psychological research, yet items found in these scales are
not aligned with clinical guidelines, let alone each other. The FTND determines addiction
severity based on items such as the amount of tobacco consumed per day and how
quickly after waking one smokes. Conversely, the NDSS assesses addiction severity
based on a host of items, including questions related to tolerance and reduced social
activity in order to smoke. Though both the FTND and NDSS have been validated to
assess addiction severity in research settings, these scales fail to comprehensively align
with the dimensions set forth by clinicians (i.e., DSM V). Moreover, there is no overlap
in items between the FTND and NDSS, making it difficult to compare scores to one
another. The incongruency in measurement of addiction severity and lack of emphasis on
how people conceptualize addiction has led to a cursory understanding of what addiction
means for the lay person, potentially contributing to the detriment of public health.
Theoretical Frameworks

Many theories including the Common Sense Model (Leventhal et al., 1980),
Health Belief Model (Becker, 1974), and the Theory of Planned Behavior (Ajzen, 1991),



posit that perceptions are not only critical in understanding health behavior, but that the
negative consequences of these health behaviors remain undesired and are generally
avoided.

The Health Belief Model argues that one’s adoption of a behavior is reliant upon
their personal threat assessment and belief in the effectiveness of a recommended health
behavior. However, this model fails to account for habitual behavior which informs the
decision-making process to adopt a recommended action (i.e., quit smoking). In works
examining nicotine addiction using a Health Belief Model framework (Becker, 1974),
most of the focus is on perceived susceptibility, with little attention dedicated to
perceived severity, benefits, barriers, and self-efficacy. The Theory of Planned Behavior
(Ajzen, 1991) posits that behavioral outcomes are contingent upon both motivation and
perceived control. However, when assessing motivation, the Theory of Planned Behavior
fails to account for other important factors, like threat appraisal. To determine whether
developing nicotine addiction is viewed as a threat, measuring perceptions of nicotine
addiction as a construct can highlight one’s appraisal of severity and susceptibility of its
related consequences. Little research has utilized the Common Sense Model to pertain to
nicotine addiction. Empirical works investigating tobacco use using the Common Sense
Model focus on understanding health consequences such as lung cancer and other
diseases, and do not focus on addiction (Browning et al., 2009).

Across these theoretical frameworks is the idea that people work to minimize
negative consequences and avoid disease. None of these theories specifically identify
addiction as a disease or negative outcome, even if there are negative consequences
associated with addiction. In this regard, understanding the construct of nicotine
addiction under a threat appraisal framework might help people better understand the
cognitive decision-making process for nicotine use.

Threat Appraisal

Perceptions of risk are equivalent to a person’s assessment of a threat. Despite
decades of research investigating tobacco addiction and its manifestation, researchers
have a surprisingly cursory understanding of what addiction looks like to the lay person.
For example, does the lay person think that the only sign of nicotine addiction is craving
tobacco? Or is a sign of nicotine addiction a confluence of multiple behaviors; if so, what
are those problematic behaviors? To assess one’s susceptibility of becoming addicted to
nicotine as well as their severity, researchers must first understand how the lay person
appraises these singular behaviors. Emerging research must align clinical and
psychological research to understand the complexity of nicotine addiction to emphasize
the importance of risk perceptions and their role in predicting behavior. Thus far, the
prioritization of understanding the impact of perceptions of nicotine addiction in line with
clinical frameworks has been lacking. Of the empirical works addressing this gap,
measures have been surface level items that fail to address the complexity of nicotine
addiction (Temourian et al., under review).

Current Assessment of Perceptions of Nicotine Addiction

Single item assessment of perceptions of nicotine addiction are extremely varied
between researchers; with select items assessing comparative addictiveness between
tobacco products and illicit substances, and other items assessing affective concern (e.g.,
worry, fear, etc.). Even in cases where item phrasing may be identical, response options



given to participants vary across studies and the lack of standardization of this construct
hinders replicability and contributes to the cursory understanding researchers have
developed when assessing perceptions of nicotine addiction.

Existent work examining perceptions of nicotine addiction using a scale are not
comprehensively aligned with the DSM V. Combined, the addiction subscales of the
Perceived Risk Instrument (Cano et al., 2018) and the E-cigarette Use Outcome
Expectancies scale (Pokhrel et al., 2014; Pokhrel, Fagan, et al., 2018; Pokhrel, Lam, et
al., 2018; Selekoglu Ok et al., 2020) align with just three of the 11 DSM V dimensions of
addiction, which are: 1) persistent desire or unsuccessful efforts to reduce or control
substance use, 2) craving of substance, and 3) continued substance use despite knowledge
and experience of psychological or physical harm associated with substance use. This
disconnect between a standardized comprehensive measure of perceived addictiveness
and clinical dimensions of addiction reflects 1) the need to develop a better measure
assessing perceptions of nicotine addiction that is in line with clinical dimensions, and
may reflect 2) that health communication about the nature of nicotine addiction is
inadequate.

Considering how little research exists and the novelty of this work, scales should
not only encapsulate the breadth of experiences when addicted to nicotine, but also assess
the intensity of those experiences. Thus, by measuring perceptions of nicotine addiction
in line with clinical dimensions, researchers can determine how perceptions of these
dimensions of addiction contribute to health decision making — both which dimensions
contribute and how much they contribute.

Scale Development

Psychometric development of a scale assessing perceptions of nicotine addiction
is necessary to study the construct of perceptions of nicotine addiction and what these
perceptions mean for the general population, with the goal of subsequently improving
health communication efforts. As such, this dissertation is guided by a pre-existing
framework commonly used in health behavior research (Boateng et al., 2018): 1) item
development, 2) scale development, and 3) scale evaluation. Item development pertains
to the process by which researchers identify domains and themes germane to a construct.
In addition, this stage identifies prior attempts to create items that may measure identified
domains. Temourian et al., (under review) attempted to identify domains and previously
used items using through a systematic review. Their analysis identified three main
domains that are assessed in the literature: 1) persistent desire to reduce/quit use, 2)
craving, and 3) continued use despite knowledge of harm. Temourian et al. (under
review) also found that there have been no attempts of developing a comprehensive scale
to assess perceptions of nicotine addiction, let alone in a systematic way that aligns with
existing clinical conceptualization.

The purpose of the scale development phase (chapters two — four) is to create a
set of items that are 1) understood by a respondent, 2) reliably yields responses, 3) does
not over burden the respondent, 4) maximizes parsimony, and 5) is comprised of items
that correctly identifies people high or low on a particular dimension. In general,
researchers engaging in scale development may employ classical test theory (CTT) or
item response theory (IRT). Although both CTT and IRT seek to yield items that
accurately test a construct, the two theories differ in their approach. The current study



utilizes IRT rather than CTT because IRT involves an iterative process that allows
researchers to determine whether particular items might impact the reliability of the
overall diagnostics of the scale. IRT is more appropriate for the current study given there
have been no attempts of systematically studying perceptions of nicotine addiction and
lay people may not have a concrete understanding of addiction.

The purpose of scale evaluation (chapter five) is to determine whether the items
as a whole are reliable and correctly measure the construct it was designed to assess.
Reliability can be measured using internal consistency. However, people may use
longitudinal methodology to establish test/retest reliability. For the purposes of this
dissertation, we utilize McDonald’s omega as a measure of scale reliability. Item
evaluation also includes attempts to establish construct validity; for the purposes of this
study, assessing 1) convergent, 2) discriminant, and 3) criterion validity.

Study Aims

To better understand what addiction means to people, the disentanglement of the
physical, psychological, and social components of nicotine addiction are warranted.
Specifically, when considering nicotine addiction, do people primarily focus on
withdrawal symptoms, craving, or inability to quit smoking despite the social and
economic costs? Understanding how the lay person views and thinks about nicotine
addiction is instrumental in developing and refining current targeted interventions for
both prevention and intervention-based research. In accordance to the scale development
framework (Boateng et al., 2018), the dissertation proposed the following aims:

1. Develop an instrument to measure perceptions of addiction that aligns with
clinical dimensions across a general audience;

a. Hypothesis 1: Most lay understanding will be surrounding the concept of
craving, tolerance, and withdrawal.

2. Establish convergent validity of perceptions of addiction with pre-existing
measures assessing perceptions of risk;

a. Hypothesis 2: Perceptions of nicotine addiction will positively relate to
items assessing perceptions of harm to one’s own health.

b. Hypothesis 3: Perceptions of nicotine addiction will positively relate to
items assessing perceptions of harm to others health.

c. Hypothesis 4: Perceptions of nicotine addiction will negatively relate to
items assessing perceptions of e-cigarettes being a healthier alternative to
cigarettes.

d. Hypothesis 5: Perceptions of nicotine addiction will positively relate to
items assessing perceived likelihood of becoming addicted (if one were to
smoke/continue to smoke).

3. Establish discriminant validity of perceptions of addiction with pre-existing
measures assessing addiction severity;

a. Hypothesis 6: Perceptions of nicotine addiction will have a low to
moderate correlation with items from the Fagerstrom Test for Nicotine
Dependence.

b. Hypothesis 7: Perceptions of nicotine addiction will have a low to
moderate correlation with items from the Nicotine Dependence Syndrome
Scale.



4. Establish criterion validity of perceptions of addiction with behavior;

a.

Hypothesis 8: Smokers with higher perceptions of nicotine addiction will
report intention of quitting smoking within the next six months compared
to smokers with lower perceptions of nicotine addiction.

Hypothesis 9: Smokers with higher perceptions of nicotine addiction will
report intention of quitting smoking within the next 30 days compared to
smokers with lower perceptions of nicotine addiction.

Hypothesis 10: Non-smokers with higher perceptions of nicotine addiction
will report no intention of smoking in the next six months compared to
non-smokers with lower perceptions of nicotine addiction.

Hypothesis 11: Non-smokers with higher perceptions of nicotine addiction
will report no intention of smoking in the next 30 days compared to non-
smokers with lower perceptions of nicotine addiction.

Hypothesis 12: Smokers with higher perceptions of nicotine addiction will
report having tried to quit smoking at least once in the past 12 months
compared to smokers with lower perceptions of nicotine addiction.
Hypothesis 13: Smokers with higher perceptions of nicotine addiction will
report having attempted to quit smoking more often in the past 12 months
compared to smokers with lower perceptions of nicotine addiction.
Hypothesis 14: Smokers with higher perceptions of nicotine addiction will
report waiting a longer period of time after waking before using their first
e-cigarette compared to smokers with lower perceptions of nicotine
addiction.

Hypothesis 15: Smokers with higher perceptions of nicotine addiction will
report taking fewer daily puffs of an e-cigarette compared to smokers with
lower perceptions of nicotine addiction.

Hypothesis 16: Smokers with higher perceptions of nicotine addiction will
report using an e-cigarette on fewer days out of the past 30 days compared
to smokers with lower perceptions of nicotine addiction.



Chapter 2: Item Development—Cognitive Interviews

Results from a previously conducted systematic review (Temourian et al., under
review) suggest assessment of perceptions of nicotine addiction are largely surface level
single item questions, or lack comprehensive alignment with diagnostic criteria for
tobacco use disorder (as defined by the DSM-V). The first step of scale development
involves creating candidate items designed to assess the construct of interest. In
preparation, a battery of items was developed to create a survey assessing perceptions of
nicotine addiction. Second, cognitive interviews were conducted to determine people’s
comprehension of items. These interviews are designed to identify any cognitive barriers
participants may encounter as they take the survey including misinterpretations, vague
language, etc. (Hofmeyer et al., 2015). Non-verbal behaviors by participants (e.g.,
furrowed brows, frowning, etc.) can also indicate problematic items, which can be
addressed during the cognitive interview process. The proposed measure assessing
perceptions of nicotine addiction was created in collaboration with an expert in tobacco
control research. The development of candidate items involved several rounds of
modification, including survey directions.

Methods

Participants. Participants were recruited from the Research Participants System
at the University of California, Merced (SONA). To be eligible for inclusion, participants
were required to 1) be > 18 years old and 2) consent to being audio recorded. Nine
participants were recruited through SONA, an acceptable sample size for cognitive
interviews using this methodology (Boateng et al., 2018). Participants were randomly
placed into one of two groups: 1) survey prompt A (n = 3), or 2) survey prompt B (n = 6).
This study was deemed exempt by the University of California, Merced Institutional
Review Board (UCM2023-28).

Cognitive Interview Procedure. Cognitive interviews were conducted in person
to assess barriers faced by participants in the item response process. Iterations of the
proposed scale were numbered and alphabetized to maintain an organized record of all
implemented changes. The order in which prompts were used were as follows: 1A, 1B,
2A, 2B, 3B, and 4B. Prompts 1A and 2A used first-person language, whereas Prompt B
used third person language. Participants accessed the survey via personal smartphone.
The cognitive interview guide included questions assessing the participants’ overall
thoughts of the survey items, content, and readability of survey items and response
options. A verbal probing approach was used to elicit feedback to understand
participants’ opinions on survey directions, items, and response options (Appendix A).
Interview time averaged 20 minutes and all interviews were audio recorded so the
facilitator could focus on the conversation. Each participant received one SONA credit
for participating which could be used for assignment or extra credit in courses. Audio
was transcribed for ease of reference. Candidate items that were unclear or
misunderstood were revised or removed from subsequent versions of the survey.

Measures.

Nicotine Addiction Perceptions (NAP) scale. Following a comprehensive
literature review, 33 candidate items were created to assess perceptions of nicotine
addiction with the clinical dimensions of nicotine addiction as a guide (American
Psychiatric Association, 2013). The measure was given the name the Nicotine Addiction



Perceptions (NAP) scale. The decision was made to test the candidate items readability
using two different prompts which changed candidate item prose from personal (Prompt
A) to general (Prompt B). Final scale structure can be viewed in Table 1.

Prompt A. Scale directions asked participants to imagine themselves as someone
who is addicted to nicotine and respond with their level of agreement from 1 (strongly
disagree) to 5 (strongly agree). Candidate items followed first-person prose and included
the term “I” (e.g., | smoke more now than I used to). Over the course of the cognitive
interviews, the language of the survey became specific to e-cigarette/vaping devices (e.g.,
I vape more now than I used to). For detailed changes to Prompt A, please refer to Table
2.

Prompt B. Scale directions asked participants to think about how important
certain behaviors are in determining whether someone is addicted to nicotine from 1 (not
at all important) to 5 (very important). Candidate items used third person language (e.g.,
Smoking more now than when first started). Similar to Prompt A, we edited the language
of the scale and its directions to be specific to e-cigarette/vaping devices (e.g., Vaping
more now than when they first started). To compare changes of survey directions and
candidate items between the initial and final version, please refer to Table 1.

Results

Demographics. The average age of participants was 20.4 years (SD = 1.34 years).
Six participants self-identified as Hispanic/Latinx. Six participants identified as female.
Six participants had experience using an e-cigarette. Two of nine participants had never
used a tobacco product before.

Themes from Interviews.

Theme 1 — Necessary Clarification of Vocabulary Terms. Participants
expressed concerns with item structure, primarily regarding the definition of a given
term. More than half (5 participants) of the sample reported not knowing what the term
“hindrance” meant:

“Sorry. What does hindrance mean again? Sorry” [Participant 4, Female, has
used e-cigarettes]

This indicated that the term “hindrance” may have been too technical, and
participants received a definition and/or alternative term to help them answer the
question. To ensure this issue did not reoccur in future survey distributions, this item was
removed from the final version of the NAP scale.

Theme 2 — Plausibility of Given Scenarios. Participants reported difficulty
answering some items because scenarios were either improbable or not applicable. In this
regard, item 21, “vaping in places that might cause a fire” was perceived as improbable
because e-cigarettes may not pose a physical threat comparable to combustible cigarettes
(e.g., starting an accidental fire). However, not all participants felt this way, some
reported that they knew of an e-cigarette device posing some sort of physical danger from
battery overheating/combustion. To ensure the NAP assessed as many dimensions of
tobacco use disorder (as defined by the DSM-V) as possible, this item was retained in the
final version.



Some candidate items were perceived as inapplicable by respondents.
Specifically, participants reported eating less when a person does not vape is counter-
intuitive to what vaping does:

“... if you eat less when you don't [vape] that means you eat more when you do...
which is not what vaping does... I feel like it takes away the hunger” [Participant
9, Female, current e-cigarette user]

Nicotine is commonly understood to suppress smoker’s appetite. As such, not
using nicotine should increase one’s appetite. To reduce participant confusion, this item
was removed from subsequent versions of the scale.

Theme 3 — Context Specification. In some interviews, participants needed
additional context on candidate items to definitively respond. In this regard, participants
found the term “frequency” in item 2 (Appendix B — Appendix E) to be too confusing
due to its ambiguity. When asked to provide a time frame, some participants reported
thinking about people they knew who vaped who:

“sometimes wake up with vapes and vape all day but then later on at night...
[they’re] out [they re] like just constantly you know hitting [their] vape” [Female,
Participant 5, current dual user].

During the interviews, respondents were asked if having an anchor of “per day”
would help them answer the item definitively. All respondents favored this change, and
thus, the item was anchored with a time frame of “per day”. Additionally, we also
changed the language of item 3 to be anchored with this time frame.

Prompts 1A and 1B of the NAP scale broadly assessed addiction perceptions
towards tobacco use and smoking. Participants responded with difficulty to these
versions of the NAP scale:

“When I think about tobacco I think about like hookahs... if you were to put, over
time I found myself using more e-cigarettes/vapes...1I think that would be more
concise” [Male, Participant 1, current e-cigarette user].

This issue occurred in two separate, consecutive cognitive interviews; therefore,
the decision was made with an expert in tobacco control to restructure scale directions
and candidate items to be specific to nicotine-based e-cigarette devices, given their
proliferation over the past decade.

Changes in eating and drinking behaviors was another example of items that
required context specification. Initially, these items were general, “[Eating/drinking]
[more/less] when they do not vape”. However, some participants expressed needing more
information before being able to respond.

“Drink as in like, alcohol? Or like water?” [Female, Participant 5, has used e-
cigarettes]
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Respondents reported perceiving people who consume more alcohol while
abstaining from vaping as being more addicted to nicotine than someone whose alcohol
consumption remains the same, as this could be a transference of addictive behavior from
one substance to another.

“...s0 if you're drinking less alcohol when you're vaping it's kind of like I mean
both are bad but at least you're decreasing the amount of drinking and you kind of
choosing one to like fall back on so as long as you're not doing both I don't think
it's that serious you know” [Female, Participant 6, current e-cigarette user].

In contrast, changes in consumption of non-alcoholic beverages were not
perceived as a maladaptive behavior as a consequence of nicotine abstinence. To reduce
participant burden, we removed items related to non-alcoholic beverage consumption.

Lastly, additional specification was needed regarding types of relationships. For
some participants, fighting with family members over one’s vaping was seen as a greater
indicator of nicotine addiction rather than a conflict with a friend or romantic partner, or
vice versa. As a result, we chose to specify these relationships to better understand
whether conflict in relationships may inform people’s perceptions of nicotine addiction
and the extent of its contribution.

Difficulty Understanding Prompt Structure. Participants had difficulty
separating their own experiences with nicotine from others’ experiences. In Prompt A,
candidate items were directed towards the individual (e.g., “I”’) and survey directions
asked respondents to imagine themselves and respond to items as someone who is
addicted to nicotine. However, participants found it difficult to definitively respond to
items without portraying themselves as being addicted to nicotine, even though the
survey prompt directed them to do so. In this regard, participants would pause and want
to justify their answer to the interviewer so they were not perceived as being addicted to
nicotine:

Participant 1: Like the past question “When I can't smoke many of my thoughts
about how I can smoke again”...like [expletive] bruh you a fiend, like [expletive]
bruh

Interviewer: so you don't feel that way ?

Participant 1: oh yeah no most definitely

Interviewer: you DO feel that way?

Participant 1: oh err I feel like yeah when I think of that I'm like [expletive] I think
of the I think about like — other homies who are like itching for like the
nicfotine]..and I'm like “oh”

Participant 1: when I do not smoke, I become irritable. [PAUSE] I don't know
that's just me cause I'm hungry? Nahh that’s mostly because I'm hungry. But
people DO get irritable, I'm not gonna lie, some people do... I'm like, “chill out”
[Male, Participant 1, current e-cigarette user]

Or in contrast, respondents did not consider themselves addicted to nicotine but answered
the questions using their own smoking behavior(s). The interviewer had to remind them
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to answer the questions as someone who they would consider being addicted to nicotine,
not necessarily themselves:

Participant 4: so yeah that's why I said I've—I vape less now because I don't have
my own. I haven't bought my own in like months

Interviewer: so ... you 're thinking “me”” because you're seeing the word ‘I’
Participant 4: Yes

Interviewer: OK. But in general, how much would “a person” addicted to vaping
agree with the following, not necessarily you.

Participant 4: Oh I see, OK [Female, Participant 4, has used e-cigarettes]

In early versions of prompt B (see Appendix D & E), survey directions asked
participants to identify important “markers” of addiction. Some participants noted they
could not easily understand this term, and during the cognitive interviews, they either
needed to be reminded of the meaning of this term or given alternative (but similar)
prompt directions. After conferring with an expert in tobacco control, the decision was
made to rephrase scale directions to use more accessible language (e.g., how important
these behaviors are in telling whether someone is addicted to nicotine; Table 1).
Discussion

Findings from the cognitive interviews provided invaluable feedback into
peoples’ perceptions of nicotine addiction and the NAP Scale. Summaries of each
cognitive interview are provided in Appendix F. Results from this study suggest subtle
differences in items and response options can make a significant impact in how
participants interpret and respond to questions. Specifically, the interviews highlighted
that participants had a difficult time separating their own experiences from others’
experiences of nicotine addiction. Those who received prompt A, which asked
participants to imagine themselves as someone who was addicted to nicotine, struggled to
answer items without first reflecting on their personal behaviors. This difficulty may be
attributed to the age of participants (emerging young adults), but this may continue to
hold for other age groups. Furthermore, the term addiction may carry negative
connotations (Larkin et al., 2006), thus, it is not surprising that participants felt the need
to rationalize smoking behaviors so as not to be perceived as addicted to nicotine by the
study facilitator.

Moreover, results from the cognitive interviews suggest specific contexts may be
needed to fully understand perceptions of nicotine addiction; however, these contexts are
beyond the scope of this study. To our knowledge, this is the first attempt of creating a
scale assessing perceptions of nicotine addiction that comprehensively aligns with the
clinical dimensions of addiction. Other works examining perceptions of nicotine
addiction are largely single item measurements that lack standardization or are not well
aligned to the dimensions found in the DSM-V (Temourian et al., under review). To this
end, this work aims to lay a foundation to determine whether people’s perceptions of
nicotine addiction naturally align with clinical dimensions. Based on feasibility, teasing
out granular data (e.g., types of relationships, frequency of behaviors, etc.) are
characteristics of addiction that other researchers may wish to further disentangle.
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Early versions of the NAP used the general term fobacco, which participants
found too ambiguous. Similar to national trends investigating tobacco use (Barrington-
Trimis et al., 2016; Dai & Leventhal, 2019), this sample reported greater experience with
flavored tobacco products (e.g., vapes, hookah), but little to no experience with other,
non-flavored tobacco products (e.g., combustible cigarettes, smokeless, etc.). While this
may be attributed to the age group participants were part of, we chose to adapt the
language of the NAP scale to the current culture surrounding tobacco use. Although
cigarette use may be at an all-time low (SAMHSA & Office of the Surgeon General,
2020), the use of e-cigarettes has been steadily rising, predominantly among young adults
(Kramarow & Elgaddal, 2023). For this reason, the term “smoker” may no longer be
reflective of a combustible cigarette user; rather this term may now be more applicable to
exclusive e-cigarette users or even dual users (i.e., combustible cigarette and e-cigarette
users). During the cognitive interviews, participants shared their experiences and
knowledge of the harms — or lack thereof — of electronic nicotine delivery systems
(ENDS), shining a light on the need to assess how addiction to these products are
perceived at a more meaningful level. At the very least, assessing perceived addictiveness
of nicotine-based e-cigarettes beyond a comparison to combustible cigarettes given that
many people now rarely have experience with the latter.

Cognitive interviews rely on the assumption that participants can accurately
describe their thought processes aloud in a cohesive manner. However, addiction is a
complex behavior, where people may have difficulty formulating organized rationale for
how they chose to answer a question. When this occurred, respondents would pause or
make some sort of facial reaction (e.g., eyebrow furrowing, lip pursing). In some cases,
they would supplement their answer(s) with filler sounds such as “ummm” or “uhhh”.
The facilitator paid special attention to these behaviors and encouraged think-aloud
discussion to help identify where respondents found issue. If these behaviors remained
unaddressed, it may suggest that the items in the NAP are not appropriately measuring
perceptions of nicotine addiction. While these participants had the opportunity to ask the
facilitator/scale developer questions regarding language and/or clarity, participants who
receive the scale on an online survey platform do not have that luxury. In this regard, it
was critical to consider all forms of hesitation when developing the NAP scale. In some
cases, pointing out hesitation/behavior directly (e.g., “why the pause”?) helped
respondents become more comfortable and opened the floor to discussion. In other cases,
repeating questions from the verbal probing approach (Appendix A) reoriented
participants to the task at hand to provide meaningful feedback for candidate items and
responses.

Limitations/Future Directions

Some limitations should be addressed. Data were collected from a college student
sample, limiting generalizability to the general population. However, UC Merced is
comprised of students from diverse backgrounds, including age and race/ethnicity.
Secondly, interviews only included one facilitator, other cognitive interviews may also
include a note-taker to help identify emerging themes over the course of interview
duration. However, each cognitive interview was audio-recorded so that the facilitator
could interact with participants freely without disrupting respondent thought processes
and speech in order to take rigorous notes.



13

The results from the cognitive interviews are part of a larger study creating and
validating a new scale; results from cognitive interviews alone do not result in valid
survey questions. Additional investigation is needed, particularly related to the
psychometric properties of the NAP scale using item analysis procedures (e.g., [tem
Response Theory). Additionally, future works may choose to examine age differences in
perceptions of nicotine addiction to determine whether difficulty answering candidate
items as an imagined nicotine addict are specific to emerging young adults, or if this issue
remains in a more diverse sample.

Conclusions

This study was the first step in disentangling the psychological, physical, and
social components of nicotine addiction. The cognitive interviews provided initial insight
into how the lay person perceives nicotine addiction. That is, people’s perceptions of
nicotine addiction are not identical; some smoking-related behaviors may not be
perceived as addictive at all, whereas others may have a degree to which they are
perceived as addictive.



Chapter 3: Scale Development — Exploratory Factor Analysis

In the previous chapter, we conducted cognitive interviews among a sample of
nine undergraduate students. Some common themes emerged in respondents’ feedback:
1) the need to use easily understandable language in scale directions and candidate items,
2) the plausibility of provided scenarios, and 3) context specification. Moreover, these
interviews also suggest that perceptions of nicotine addiction may not directly relate to
the diagnostic criteria of tobacco use disorder. In this regard, people’s perceptions
surrounding nicotine addiction may not be identical which warrants further investigation.
The cognitive interviews from the previous chapter allowed us to assess the cognitive and
linguistic accessibility of a set of questions in a new scale assessing perceptions of
nicotine addiction.

In this chapter, we assess the dimensionality of the Nicotine Addiction
Perceptions (NAP) scale to help establish within-scale reliability. In line with
psychometric assessment guidelines (Boateng et al., 2018; Depaoli & Liu, in press;
Raykov & Marcoulides, 2011), we explored the dimensionality of the 36-item NAP scale
using exploratory factor analysis (EFA). EFA’s are a data reduction technique that can
take multiple items and reduce them into smaller, distinct factors (Depaoli & Liu, in
press). As part of study aims, we hypothesized there are unique sub-dimensions of
perceptions of nicotine addiction that naturally align with the DSM-V dimensions of
tobacco use disorder. Specifically, we anticipated these dimensions to center around
craving, tolerance, and withdrawal. As recommended by the literature, to conduct an
EFA, one should have over 100 participants or a 5:1 participant to item ratio (De Winter
et al., 2009; Hatcher, 1994; Kline, 1994; Zygmont & Smith, 2014). Thus, the obtained
sample of n = 179 is acceptable.

Methods

Participants. Participants were undergraduate students recruited from the
Research Participants System at UC Merced (SONA). To be eligible for inclusion,
participants were required to be > 18 years old and received 0.5 SONA credits for their
participation which could be used for assignment or extra credit in courses. This study
was deemed exempt by the University of California, Merced Institutional Review Board
(UCM2023-28).

Measures.

Nicotine Addiction Perceptions (NAP) scale

Participants responded to 36 items assessing perceptions of nicotine addiction.
Based on cognitive interviews, directions of the scale used specific language regarding
the nicotine found in e-cigarette products. Specifically, the survey directions read,
“Below we are going to give you a list of behaviors related to nicotine based vapes/e-
cigarettes. On a scale from 1-5, how important are any of these behaviors in telling you a
person is addicted to vapes/e-cigarettes?” (See Appendix G). Participants indicated their
perceptions of addiction to vaping with items such as “Having difficulty with quitting
vaping” and “Giving up hobbies in order to vape” on a 5-point scale from 1 (not at all
important) to 5 (extremely important).

Analytic Plan

We conducted an EFA to reduce items and assess factor structure. We assessed

the 36 candidate items for missing values, skewness, and item relevancy (Tabachnick et
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al., 2013). Our analysis suggested missing responses on the NAP were missing
completely at random (p = 0.991), thus respondents with missing values (n = 2) were able
to be omitted from analysis (Kang, 2013). To assess multivariate normality, we used
Mardia’s test for multivariate normality which evaluates whether data follows a
multivariate normal distribution. To determine the proportion of variance caused by
underlying factors, we used the Kaiser-Meyer-Olkin (KMO) Measure of Sampling
Adequacy (MSA). The KMO is helpful in determining whether an EFA can be useful for
the data. We also checked whether there was redundancy between variables that could be
summarized by latent factors using Bartlett’s Test of Sphericity. After assessing the
normality and suitability of the data for factor analysis, we determined the appropriate
number of factors for analysis using Cattell’s scree plot and used a principal axis
factoring extraction method (Brown, 2015; Costello & Osborne, 2005; Fabrigar &
Wegener, 2012; Kline, 1994).

Addiction literature suggests addiction is pervasive and impacts the social,
physical, and emotional well-being of people (McMurran, 1994); as such, this
pervasiveness should translate to correlations between factors. For this reason, we
employed an oblique rotation method (oblimin) which allows for, but does not require,
correlations between factors (Fabrigar & Wegener, 2012). Item retainment was dependent
upon how well items load onto factors (>.50) and their meaningful contribution to the
construct of perceptions of nicotine addiction (Worthington & Whittaker, 2006). Items
that highly correlated were removed from analysis and to be considered for inclusion
based on rephrasing of the item and/or conceptual considerations. Item loadings onto
factors were assessed using an iterative process (i.e., one at a time) until all items loaded
onto a primary factor with a loading of .50 or higher. In total, 11 items were removed
either due to multiple factor loadings or they did not meaningfully contribute to the
overall construct: 4, 5,9, 10, 11, 14, 15, 16, 20, 32, and 33. There were three reasons why
an item may have been removed during the iterative process: 1) loaded poorly onto one
factor, 2) loaded poorly onto two factors, or 3) loaded poorly onto three factors. We
describe their removal using these categories. Item loading and reason for removal can be
viewed in Table 3. The EFA was run after removal of all 11 items and the model did not
significantly change; all items had factor loadings > 0.50 (Table 4). Data were analyzed
using Rstudio 2023.06.1.

Results

Demographics. The average age of participants was 20.53 years (SD = 2.69
years). Over 65% of the sample self-identified as Hispanic/Latinx. Roughly 80% of the
sample identified as female. Almost half (44.13%) reported having ever used an e-
cigarette (Table 5).

Exploratory Factor Analysis. Mardia’s test of multivariate normality returned
significance (p < 0.001), suggesting that data did not follow a multivariate normal
distribution. The KMO value was 0.94, and Bartlett’s sphericity was significant (y*=
6181.811, df = 630, p = 0.000), suggesting data were suitable for factor analysis. Based
on Cattell’s Scree test (Figure 1), the EFA of 36 items suggested a six-factor solution
(Table 6).

The six factors that emerged were continued use despite negative consequences
(Factor 1), withdrawal (Factor 2), tolerance (Factor 3), social impact (Factor 4),
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consistent desire to quit/reduce use (Factor 5), and substitution to other behavior (Factor
6).

Omitted due to poor factor loading. Item 10, “Most thoughts are related to how they
can vape again” loaded poorly (0.47) and was removed from analysis. Item 20, “Cutting
down on hobbies because of vaping”, was removed due to its overlap with item 19,
“Giving up hobbies because of vaping”. Although item 20 did have a factor loading of
0.53, item 19 loaded better onto the respective factor (0.66) and thus was retained. Item
32, “Feeling anxious when they do not vape” loaded poorly on Factor 3 (0.37) and was
removed.

Omitted due to loading onto 2 factors. Item 11, “Craving a vape when they are not
smoking” loaded onto two factors: withdrawal (0.36) and tolerance (0.37). Item 9,
“Spending a lot of time thinking about the next time they can vape” loaded similarly onto
Factors 1 (0.38) and 3 (0.30) and was removed. Item 14, “Arguing with other people over
their vaping” loaded similarly onto Factors 1 (0.37) and 3 (0.47) and was removed. Item
16, “Vaping causes problems with their social circle” loaded similarly onto Factors 1
(0.44) and 3 (0.35). Item 15, “Social life is negatively impacted by their vaping” loaded
similarly onto Factors 1 (0.44) and 4 (0.48) and was removed.

Omitted due to loading onto 3 factors. Item 4, “Having difficulty quitting vaping”, was
removed because it loaded similarly onto Factors 1 (0.30), 3 (0.28), and 4 (0.38). Item 5,
“Having difficulty reducing their vaping” loaded similarly onto Factors 1 (0.26), 3 (0.28),
and 4 (0.35) and was removed. Lastly, item 33, “Feeling sad when they do not vape”
loaded similarly onto Factors 1 (0.20), 3 (0.22) and 4 (0.20) and was removed.

Variance accounted for by factor. The first factor, continued use despite negative
consequences, explained 21% of the total variance. Item loading onto this factor included
six items: vaping in places that may cause a fire, continued vaping even though they are
aware it is bad for them, experiencing negative health effects from vaping, and
experiencing conflict in their familial, friend, or romantic relationships. Factor two,
withdrawal, explained 15% of the total variance. Item loading onto this factor included
five items including needing to vape more to get the same buzz, becoming irritable when
they do not vape, being on edge when they do not vape, having a hard time concentrating
when they do not vape, and having trouble sleeping when they do not vape. Factor three,
tolerance, explained 14% of the total variance. Item loading onto this factor included
three items including vaping more now than when they first started, taking more puffs/hit
throughout the day, taking more time per day to vape.

Factor four, social impact, explained 13% of the total variance. Item loading onto
this factor included five items including vaping gets in the way of daily life, vaping
negatively impacts work productivity, person gives up their social life in order to vape,
giving up part of a job because of vaping, and giving up hobbies to vape. Factor five,
consistent desire to quit/reduce vaping, explained 12% of the total variance. Item loading
onto this factor included three items including often thinking about quitting vaping,
reducing vaping, and constantly wanting to quit vaping. Factor six, substitution to other
behaviors, explained 9% of the total variance. Item loading onto this factor included three
items including eating more when they do not vape, drinking more alcohol when they do
not vape, and drinking less alcohol when they do not vape.
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The final six-factor solution explained 84% of the total variance. Table 7 displays
the correlations between the six factors.
Discussion

As part of Aim 1, we wanted to understand how perceptions of nicotine addiction
align with dimensions found in the DSM-V. Specifically, we hypothesized that most lay
understanding would surround the concept of craving, tolerance, and withdrawal. The
results from the EFA suggest that there are more sub-dimensions than anticipated.
Though tolerance and withdrawal did emerge as separate, unique dimensions, the item
assessing craving (Craving a vape when they are not smoking) did not emerge as its own,
separate factor. Rather, it loaded similarly onto both tolerance and withdrawal, suggesting
that lay people may have difficulty distinguishing between these two dimensions.
Although we removed item 11 in the EFA, this item was retained for the confirmatory
factor analysis because we wanted the NAP to encapsulate a majority of the DSM-V
dimensions of tobacco use disorder. Additionally, we believe the term “smoking” in item
11 may have confused participants as this usually refers to combustible cigarette use. In
this regard, respondents may not have felt this was indicative of addictive behavior, as lay
people may operate under the assumption that e-cigarettes are predominantly used to help
people quit smoking combustible cigarettes (Harlow et al., 2023). Therefore, craving a
vape when one is not smoking may have been interpreted as using a vape to decrease
cigarette craving. To remedy this issue, we rephrased this item to read “Craving a vape
when they are not vaping” before launching the survey with another sample of
participants.

The results from the EFA also suggest that people’s perceptions regarding
nicotine addiction are relatively structured. The most definitive constructs were not
craving, tolerance, or withdrawal as we anticipated, but rather continuing to vape despite
negative consequences. This may not be too surprising given that most definitions of
addiction classify addiction as chronic behavior despite harmful consequences (National
Institute on Drug Abuse, 2018). Moreover, failed attempts of quitting vaping did not
emerge as a cohesive concept, unlike desire to quit vaping. This could mean that lay
people do not understand the nuances of addiction — continued smoking despite not
wanting to—or there may be something among this particular population (e.g., emerging
young adults) who may not yet have experience with addiction.

The results of the EFA also suggest that people’s perceptions regarding nicotine
addiction may fall outside the purview of DSM V dimensions of tobacco use disorder
(Factor 6). Some people may perceive engaging in maladaptive health behaviors when
not vaping (e.g., drinking more alcohol) to be more indicative of someone with nicotine
addiction, however, this is not assessed in the DSM V.

Limitations/Future Directions

Some limitations should be addressed. It could be argued that removing item 20
was unnecessary as its factor loading fell above .50. However, during the iterative
process, this item consistently scored below the .50 threshold, whereas item 19 (a similar
item) consistently loaded well on its respective factor. This, partnered with the overlap in
the content of these items, supported the removal of item 20 from the final factor model.
Additionally, these findings are based on a sample of emerging young adults who may
not yet fully understand/have experienced addiction. Even so, their perceptions
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surrounding nicotine addiction remain relatively organized. Future works may examine
whether mental schemas surrounding nicotine addiction maintain a similar structure in
other populations by conducting confirmatory factor analysis.
Conclusions

This study provided exploratory findings of a novel measure assessing
perceptions of nicotine addiction that align with the clinical dimensions of addiction.
Mental schemas surrounding nicotine addiction may be more organized than anticipated.
Namely, whereas tolerance and withdrawal are perceived as separate, distinct dimensions,
craving is grouped within both factors. Moreover, continued vaping despite harm is seen
as the most definitive construct. As part of the scale development process, the six-factor
solution must be validated using confirmatory factor analysis to further establish its
construct validity.



Chapter 4: Scale Development — Confirmatory Factor Analysis & Psychometric
Evaluation

In the previous chapter, we explored the dimensionality of the NAP scale among a
sample of undergraduate students using exploratory factor analysis (EFA). We
hypothesized that perceptions of nicotine addiction would primarily center around
craving, tolerance, and withdrawal. Although tolerance and withdrawal emerged as
unique dimensions with craving equally contributing to both factors, continued vaping
despite harm was perceived as the most definitive construct and accounted for the largest
proportion of variance. Additionally, people’s perceptions surrounding vaping cessation
are nuanced. In this regard, desire to quit/reduce vaping may be more relevant than facing
difficulty when a cessation attempt is made. Furthermore, there may be aspects of
addiction that are not reflected in DSM-V dimensions.

In this chapter, we use confirmatory factor analysis (CFA) to explore whether
factor structure of the NAP remains stable among a new sample of participants. CFA is a
restricted form of EFA which lessens the influence of other, lower factor loadings on
their respective latent factors (Depaoli & Liu, in press). Specifically, by not permitting
items to load onto every factor, items can relate strongly to their respective factor by
increasing their factor loading. Additionally, we also assess the psychometrics properties
of the NAP using item difficulty, item discrimination, and reliability.
Methods

Participants. Participants were recruited using a convenience sample via Prolific,
a comprehensive survey platform that is extensively used in research and is comprised of
active participants that have been screened and verified prior to study participation (Palan
& Schitter, 2018). The study was hosted on Qualtrics (2023), an online survey building
platform. To be eligible for inclusion, participants were required to be 1) > 18 years old
and 2) English speakers living in the United States. Prolific’s panel are comprised of
adults (18 years +) from various countries that must complete certain tasks to prove they
are real (i.e., not a bot). People are recruited primarily through word of mouth including
via social media (Prolific, 2024). For their participation, participants received $4.00
credit to their Prolific account. Data were collected in late December 2023. This study
was deemed exempt by the University of California, Merced Institutional Review Board
(UCM2023-28).

Measures.
Nicotine Addiction Perceptions (NAP) scale

Participants responded to 36 items assessing their perceptions of nicotine
addiction (See Appendix H). Using data from Prolific, we conducted a CFA to confirm
model fit of the factor structure from Chapter 3. All items marked for removal in Chapter
3 (n=10) were omitted from the survey with the exception of item 11. We suspected that
item 11 was problematic because of its wording. By using the term “smoking”,
participants may have interpreted this to mean using a vape to decrease combustible
cigarette use. After editing, item 11 read “Craving a vape when they are vaping”. The
main prompt read, “Below we are going to give you a list of behaviors related to nicotine
based vapes/e-cigarettes. On a scale from 1-5, how important are any of these behaviors
in telling you a person is addicted to vapes/e-cigarettes?”. Participants indicated their
perceptions of addiction to nicotine with items such as “ Having difficulty with quitting
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vaping” and “Giving up hobbies in order to vape” on a five-point scale from 1 (not at all
important) to 5 (extremely important).

Demographics. Participants were asked basic demographic questions such as
gender, race and ethnicity, annual income (household income), educational attainment,
and age. For gender, participants were considered male if they selected male or female-
to-male transgender, and female if they selected female or male-to-female transgender.
Other gender identities (non-binary or declined to answer) were not included in analyses.
Gender was dichotomized and males were the reference group (males = 0, females = 1).
For race and ethnicity, participants were either coded as non-Hispanic white, African-
American/Black, Hispanic/Latinx, or Other. Due to the small number of participants who
identified as being part of any Asian or Middle Eastern heritage, this group was combined
for analyses. Non-Hispanic white served as the reference group (non-Hispanic white = 0;
African-American/Black = 1; Hispanic/Latinx = 2; Other = 3). For education,
respondents were either coded as having a high school degree or lower, some college
education, a Bachelor’s degree, or graduate degree, with Bachelor’s degree serving as the
reference group (Bachelor’s degree = 0; high school or less = 1; some college = 2;
graduate degree = 3). Income was categorized into five groups with up to $25,000 serving
as the reference group ($25,001-$50,000 = 1; $50,001-$75,000 = 2; $75,000- $100,000 =
3; $100,001+ = 4). Respondents also reported their age, which ranged from 18- 76 years.
Demographic characteristics of the sample can be found in Table 8.

Analytic Plan

We conducted a confirmatory factor analysis of the six-factor structure from
Chapter three using data from a different sample of participants. Respondents with
missing values were omitted from analysis (n = 3), after ensuring data were missing
completely at random (p = 0.1099; Kang, 2013). In line with rationale used in the EFA,
final factor structure was dependent upon how well items loaded onto their respective
factors at a substantive level, not stringent model fit indices. To determine which
estimation method would be appropriate, we assessed multivariate normality using
Mardia’s test for multivariate normality. As data were non-normal, we utilized a mean-
and variance-adjusted weighted least squares (WLSMYV) estimation method which is
preferred as its properties are less biased and there is small sampling variation in
estimated factor loadings compared to other estimation methods (Li, 2016; Muthén et al.,
1997). WLSMV based modification indices and associated values can be interpreted in
the same manner as CFA with continuous data (Brown, 2015).

With rating scale data, item difficulty can be interpreted as the ease in which
respondents can endorse a particular item, rather than the percentage of people who
answer an item correctly (Lord, 1952). Item discrimination refers to an item’s ability to
distinguish between individuals with lower and higher scores on the latent construct, with
higher scores indicating greater relevance of the item being measured by the latent trait
(Ebel, 1954; Hurlstone, 2020). Provided data did not follow a normal distribution, we
assessed internal consistency of the NAP (i.e., reliability) using McDonald’s omega (®;
McDonald, 1999) and interpreted findings according to conventional guidelines: 0.9+ =
excellent reliability, 0.8 - 0.9 = good reliability, 0.7 — 0.8 = acceptable reliability (George
& Mallery, 2003). Data were analyzed using Rstudio 2023.06.1.

Results
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Demographics. Respondents from Prolific were middle aged (M = 39.56 years,
SD = 12.66 years; Table 8), and roughly half were male (51.37%). Most identified as
non-Hispanic White (62.48%) and a greater proportion reported having a Bachelor’s
degree (39.89%). More than half (57.2%) reporting making up to $75,000 annually. The
most commonly reported reason for using an e-cigarette device was for enjoyment
(29.4%), followed by curiosity (28.39%), to quit smoking (19.6%), to reduce smoking
(14.82%), use when one cannot or is not allowed to smoke (6.03%), and other (1.76%). A
majority of respondents reported using an e-cigarette that contained nicotine (76.84%),
followed by other flavors (66.92%), mint or menthol flavor (44.78%), THC (32.32%),
CBD (24.37%), and their own mix (7.89%). Among non-users, 2.18% reported intention
to start using e-cigarettes in the next 30 days, and 0.78% reported intention to start using
e-cigarettes in the next 6 months.

Confirmatory Factor Analysis.

In a demographically diverse adult sample, the six-factor solution suggested
adequate model fit on most CFA indices (see Tables 9 and 10): ¥2(284, N = 549) =
766.528, p < 0.001; robust Standardized Root Mean Square Residual (SRMR) = 0.044
(recommended good fit < 0.08), robust Root Mean Square Error of Approximation
(RMSEA) = 0.056 (90% CI =0.051, 0.060; recommended good fit < 0.06), robust
Comparative Fit Index (CFI) = 0.794 (recommended value > 0.90), robust Tucker Lewis
Index (TLI) = 0.765 (recommended value > 0.90). After examining standardized item
loadings, item 36, “Drinking less alcoholic beverages when they do not vape”, loaded
very poorly onto Factor 6 (0.250). As this factor was not informed by the DSM-V, we
decided to remove the problematic item along with items 34 and 35 as most
psychometricians agree that latent factors should consist of a minimum of three items
(Kline, 2005).

We re-analyzed the CFA with a five-factor solution, which resulted in better
model fit indices (see Tables 10 & 11): ¥2(220, N = 549) = 518.808, p < 0.001, robust
SRMR = 0.041, robust RMSEA = 0.050 (95% CI = 0.044, 0.055), robust CFI = 0. 854,
robust TLI = 0.832.

Psychometric Evaluation

Item Difficulty. Most scores on the 23-item NAP scale fell between three and
four. Respondents were likely to answer item 18 using higher response categories
(“Giving up part of their job because of vaping”; 4.33; see Table 12). Respondents were
less likely to endorse item seven (“Often thinking about reducing their vaping”; 3.11).

Item Discrimination. For the NAP scale, item discrimination values ranged from
0.44 to 0.82 (see Table 12). Items six, seven, and eight had the lowest discrimination
scores that ranged from 0.44 to 0.50. These items comprise factor five, consistent desire
to quit/reduce use. The two items with the highest item discrimination were item 30
(0.82) and 17 (0.81), which comprised factors two (withdrawal) and four (social impact),
respectively.

Reliability Analysis. Using McDonald’s omega, the NAP was found to have
high internal consistency, with an omega coefficient of 0.958 (Table 13). The omega
coefficient for the continued use despite negative consequences subscale (Factor 1)
was 0.898, the withdrawal subscale (Factor 2) had a value of 0.934, the tolerance
subscale (Factor 3) had a value of .913, the social impact subscale (Factor 4) had a
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value of 0.938, and the consistent desire to quit/reduce use subscale (Factor 5) had a
value of 0.888.
Discussion

This study sought to validate the six-factor structure of the NAP using
confirmatory factor analysis among an online panel sample. We found that the six-factor
solution returned adequate model fit on most CFA indices, however, one item returned
poor loading onto its respective factor (Item 36 = Factor six). We decided to remove this
problematic item along with the other two items in this factor — in line with psychometric
guidelines — before re-analyzing the CFA using a five-factor solution (Kline, 2005).

Factor six (Substitution to other behavior) was comprised of items created during
the cognitive interview phase, after feedback from participants. During the cognitive
interview stage, participants reported perceiving those who experience changes in their
eating/drinking behaviors when not vaping to be more indicative of someone with
nicotine addiction. Although these perceptions may not have aligned with DSM-V criteria
of tobacco use disorder, we considered that not everyone’s experiences with addiction
look alike and wanted to account for these differences as best as possible. Provided that
this factor was not informed by the DSM-V, we did not re-analyze the model using
exploratory factor analysis prior to conducting the final 5-factor CFA.

To our knowledge, this is the first study creating and validating a scale assessing
perceptions of nicotine addiction that align with DSM V dimensions of tobacco use
disorder. As each item within the NAP was created using this framework, item difficulty
was generally endorsed (i.e., respondents indicated similar responses for each item as
being indicative of nicotine addiction), suggesting that perceptions of nicotine addiction
do align with clinicians diagnoses of nicotine addiction.

In regard to item discrimination, three items did not distinguish well between
respondents with higher versus lower scores of perceptions of nicotine addiction. These
items comprised Factor five (consistent desire to quit/reduce use) which accounted for a
small proportion of variance in Chapter three. However, this is an important facet of
nicotine addiction according to clinical guidelines, thus, we retained this factor when
establishing criterion validity.

Our study results suggest that perceptions of nicotine addiction can be reliably
measured in a general, online U.S. sample with adequate validity. To account for the non-
normality of the data, we used McDonald’s omega (®) which returned values well
above the 0.70 acceptability estimate for the overall NAP scale and its subscales. In
this regard, the NAP adequately assesses perceptions of nicotine addiction as a unique
construct.

Limitations/Future Directions

Some limitations must be addressed. First, researchers may choose to conduct
another CFA without Factor five (desire to quit/reduce use) as these items did not
have strong item discrimination. However, as this factor is a dimension within the
DSM-V, we had theoretical justification for keeping this factor within our scale. It can
be argued that many smokers struggle with their initial cessation attempts, despite
having the desire to quit (Quisenberry et al., 2019), thus, people may perceive those
who have difficulty quitting smoking to be more addicted than those who face less
difficulty quitting or not having attempted quitting at all.
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Secondly, other psychometric works creating and validating scales assess item
difficulty and discrimination prior to conducting factor analyses (Slaten et al., 2019,
2023). However, we chose to assess factor structure prior to conducting item analysis,
in line with existing guidelines for scale development in the health sciences (Depaoli
& Liu, in press). Future works can determine whether assessing item functioning of
NAP items prior to conducting factor analyses makes a significant difference in model
structure and/or fit.

Conclusions

The results from the final five-factor CFA solution provide empirical rationale to
further explore the dimensionality of perceptions of nicotine addiction and determine its
convergence with similar, single item assessments of risk perceptions, and divergence
from diagnostic assessments of nicotine addiction. Additionally, establishing the NAP’s
criterion validity using vaping-related outcomes may further provide support that
perceptions of nicotine addiction are a unique construct that require meaningful
investigation. As part of the scale development process (Bhandari, 2023; Boateng et al.,
2018), the next chapter discusses the validity of the NAP scale.



Chapter 5: Scale Evaluation — Establishing Construct Validity

In the previous chapter, we conducted confirmatory factor analysis (CFA) and
item analysis. The CFA suggested that although a six-factor model returns adequate
model fit on most indices, a five-factor solution is more parsimonious and returns better
fit. Additionally, respondents endorse most items in a similar manner (i.e., item
difficulty), in line with what we expected to find given that the items were informed by
the DSM V. Regarding item discrimination, items six, seven, and eight, which center
around attempts/desire to quit smoking, were unable to distinguish between individuals
with higher and lower scores. Lastly, as a test of internal consistency, the NAP and its
subscales score well above the acceptability estimate (George & Mallery, 2003;
McDonald, 1999).

In this chapter, we establish construct validity of perceptions of nicotine addiction
using convergent, discriminant, and criterion validity (Aims 2 — 4). Convergent validity
assesses whether a particular construct correlates with other items/tests that assess the
same construct. Discriminant validity assesses whether two theoretically different
measures are, in fact, unrelated. Criterion validity evaluates the extent to which a measure
is related to an outcome. In this study, we seek to establish convergent validity by
assessing whether the NAP is related to single item assessments of risk perceptions
commonly used in tobacco research. We establish discriminant validity by assessing
whether the NAP is distinguishable from measures of addiction severity (e.g., nicotine
dependence). Lastly, we establish criterion validity by assessing whether the NAP is
related to e-cigarette related outcomes including intentions and behaviors.

Methods

Participants. Participants were recruited using a convenience sample via Prolific,
a comprehensive survey platform that is extensively used in research and is comprised of
active participants that have been screened and verified prior to study participation (Palan
& Schitter, 2018). The study was hosted on Qualtrics (2023), an online survey building
platform. To be eligible for inclusion, participants were required to be 1) > 18 years old
and 2) English speakers living in the United States. Prolific’s panel are comprised of
adults from various countries that must complete certain tasks to prove they are real (i.e.,
not a bot) and at least 18 years of age. People are recruited primarily through word of
mouth including via social media (Prolific, 2024). For their participation, participants
received $4.00 credit to their Prolific account. Data were collected in late December
2023. This study was deemed exempt by the University of California, Merced
Institutional Review Board (UCM2023-28).

To determine the minimum number of participants needed to test study
hypotheses, an a-priori power analysis was run using G*power (Faul et al., 2007). To
achieve 95% power and detect a medium effect size of 0.11, G*power recommends a
total sample size of 253. Thus, the obtained sample of nyapers = 277 & Nnon-vapers = 275, was
adequate to test study hypotheses. After removing inconsistent responses in screening
items and missing data, the final sample for nyapers = 274.

Measures. The full survey included questions related to nicotine use, previously
established measures of dependence for current tobacco users (e.g., FTND and NDSS),
quit intentions, initiation intentions, e-cigarette use motivations, e-cigarette device
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composition, comparative harm, nicotine knowledge, demographic questions, and the
Nicotine Addiction Perceptions (NAP) scale.
Nicotine Addiction Perceptions (NAP) scale

Participants responded to items from the NAP scale (See Appendix I). The main
prompt read, “Below we are going to give you a list of behaviors related to nicotine
based vapes/e-cigarettes. On a scale from 1-5, how important are any of these behaviors
in telling you a person is addicted to vapes/e-cigarettes?”. Participants indicated their
perceptions of addiction to nicotine with items such as “Having difficulty with quitting
vaping” and “Giving up hobbies in order to vape” on a five-point scale from 1 (not at all
important) to 5 (extremely important). Total scores were calculated by summing scores
from the 23 items retained from the previous chapter.

Outcome variables

Quit Intentions. Current e-cigarette users reported their intentions to quit using e-
cigarettes in the next 30 days and six months (0 = no, 1 = yes).

Initiation Intentions. Participants who were not e-cigarette users (i.e., have not
used an e-cigarette more than 20 times), were asked to report their intentions of using e-
cigarettes in the next 30 days and six months (0 = no, 1 = yes).

Quit attempts. E-cigarette users reported whether they have voluntarily attempted
to quit using e-cigarettes/vapes in the past 12 months for at least 24 hours (0 =no, 1 =
yes). Additionally, participants were asked the number of times they’ve attempted to quit
vaping in the past 12 months (0 = 0 times — 12 = 12 or more attempts).

E-cigarette Use Behaviors. Current e-cigarette users were asked to report how
soon they use their e-cigarette/vape after waking (1 = within 5 minutes, 2 = 5-30 minutes,
3 =31-60 minutes, 4 = longer than 60 minutes). Respondents were also asked how many
times a day they use an e-cigarette device (0 = 0 times a day — 30 = 30 or more times a
day). This was separated into three categories (1 = 1-9 times a day, 2 = 10-24 times a day,
3 =25 or more times a day). Additionally, current users were asked to report the number
of days they vaped in the past 30 days from 0 days to 30 days. This was separated into
three categories (1 = 2-10 days, 2 = 11-24 days, 3 = 25 or more days).

Covariates

Harm to health. To measure perceptions of e-cigarette harm to one’s own health,
participants were asked, on a five-point Likert type scale with 1 = very unlikely and 5 =
very likely, “If you [were to smoke/continue to smoke] e-cigarettes, how likely is it that
you will harm your own health?”. Language of this item was modified depending on
whether participants self-identified as current e-cigarette users.

Harm to other’s health. To measure perceptions of e-cigarette harm to other’s
health, participants were asked, on a five-point Likert type scale with 1 = very unlikely
and 5 = very likely, “If you [were to smoke/continue to smoke] e-cigarettes, how likely is
it that you will harm someone else’s health with second hand vape smoke?”. Language of
this item was modified depending on whether participants self-identified as current e-
cigarette users.

Likelihood of becoming addicted. Perceptions of perceived e-cigarette
addictiveness was assessed, on a five-point Likert type scale with 1 = very unlikely and 5
= very likely, “If you [were to smoke/continue to smoke] e-cigarettes, how likely is it that
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you will become addicted?”. Language of this item was modified depending on whether
participants self-identified as current e-cigarette users.

Comparative harm. Adapted from a previous study assessing harm perceptions as
predictors of smoking (Song et al., 2009), participants were asked about comparative e-
cigarette harm with the question, “Compared with cigarettes, how harmful are e-
cigarettes to a person’s health”? Response options followed a Likert scale format from 1
to 5 with 1 = much less harmful than cigarettes and 5 = much more harmful than
cigarettes. The referent category was “much less harmful than cigarettes”.

Nicotine Dependence Syndrome Scale. The Nicotine Dependence Syndrome
Scale (NDSS) is a 19-item questionnaire that assesses smokers’ nicotine dependence
(Shiffman et al., 2004). This scale has been validated in adult populations and yields a
single summary score. Participants were asked to select the number that indicates how
well the following statements describes them from 1 = not at all true to 5 = extremely
true. Example items include, “After not smoking for a while, I need to smoke to relieve
feelings of restlessness and irritability” and “I feel a sense of control over my smoking”.
Language for the scale was adapted to relate to e-cigarette use.

Fagerstrom Test of Nicotine Dependence. The Fagerstrom Test of Nicotine
Dependence (FTND) is a six item instrument that assesses the physical intensity of
nicotine addiction using a summated score where 0-2 = low dependence, 3-4 = low to
moderate dependence, 5-7 = moderate dependence, 8+ = high dependence (Heatherton et
al., 1991). E-cigarette users were asked to report how soon they use their e-cigarette/vape
after waking (3 = within 5 minutes, 2 = 5 — 30 minutes, 1 = 30 - 60 minutes, 0 = 60+
minutes) and how many times they use their e-cigarette per day (0 = 9 times per day or
less, 1= 10 - 19 times per day, 2 =20 — 29 times per day, 3 = 30+ times per day). E-
cigarette users were asked which e-cigarette they would hate to give up the most (0 =
none of the above, 1 = in the morning, 0 = during or after meals, 0 = during or after
stressful situations). E-cigarette users were asked if they find it difficult to abstain from
smoking in forbidden places (e.g., churches, no-smoke areas), if they use their e-cigarette
more frequently in the first two hours of waking than the rest of the day, and if they use
their e-cigarette when they are so ill they are in bed most of the day (0 = no, 1 = yes).

E-cigarette use motivations. E-cigarette users were asked their primary reason for
using an e-cigarette. Questions were adapted from the Population Assessment of Tobacco
and Health study (United States Department Of Health And Human Services, 2021).
Participants could only select one option which included: to quit smoking, to reduce
smoking, to use when I cannot or am not allowed to smoke, enjoyment, or curiosity.
Enjoyment served as the referent category.

E-cigarette composition. To explore the changing landscape of nicotine
consumption, participants were asked to describe the composition of e-cigarette
product(s) they have used. Participants were asked whether their e-liquids contained
nicotine (0 =no, 1 = yes).

Nicotine knowledge. We assessed participants’ knowledge of nicotine with a true
or false item, “Nicotine is a highly addictive substance that is found naturally in tobacco
leaves and can be produced synthetically in a lab” (Respiratory Health Association,
2023).
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Mental Health. Participants completed the PROMIS short-form anxiety and
depression questionnaires (Pilkonis et al., 2011). The PROMIS questionnaires utilize a
five-point Likert scale ranging from 1 (never) to 5 (always). Depression and anxiety
scored were highly correlated (Pearson’s » = 0.80), so we created a composite score by
averaging depression and anxiety scores together. Higher scores indicated experiencing
greater mental distress over the previous seven days.

Demographics. Participants were asked basic demographic questions such as
gender, race and ethnicity, annual income (household income), educational attainment,
and age. For gender, participants were considered male if they selected male or female-
to-male transgender, and female if they selected female or male-to-female transgender.
Other gender identities (non-binary or declined to answer) were not included in analyses.
Gender was dichotomized and males were the reference group (males = 0, females = 1).
For race and ethnicity, participants were either coded as non-Hispanic white, African-
American/Black, Hispanic/Latinx, or Other. Due to the small number of participants who
identified as being part of any Asian or Middle Eastern heritage, this group was combined
for analyses. Non-Hispanic white served as the reference group (non-Hispanic white = 0;
African-American/Black = 1; Hispanic/Latinx = 2; Other = 3). For education,
respondents were either coded as having a high school degree or lower, some college
education, a Bachelor’s degree, or graduate degree, with Bachelor’s degree serving as the
reference group (Bachelor’s degree = 0; high school or less = 1; some college = 2;
graduate degree = 3). Income was categorized into five groups with up to $25,000 serving
as the reference group ($25,001-$50,000 = 1; $50,001-$75,000 = 2; $75,000- $100,000 =
3; $100,001+ = 4). Respondents also reported their age, which ranged from 18-76 years.
Demographic characteristics of the sample can be found in Table 8.

Analytic Plan

We conducted Pearson’s correlations to assess convergent validity between
perceived harm to health, harm to other’s health, likelihood of becoming addicted,
comparative harm, and the NAP. Additionally, we conducted Pearson’s correlations
between the NDSS, FTND, and NAP to assess discriminant validity. To promote
parsimony in our model, a Pearson’s correlation was also run between the NDSS and
FTND. Preliminary analyses suggested that scores between the NDSS and FTND were
not highly correlated; this would suggest controlling for both measures in regression
analyses. However, using the FTND would under-power our regression analyses, thus,
we opted to use NDSS scores to refer to people’s nicotine dependence in the regression
models.

To assess criterion validity, we conducted binary logistic regressions to analyze
six-month and 30-day quit intentions, six-month and 30-day initiation intentions, and
whether a quit attempt occurred over the past 12 months. Initial analyses for the number
of quit attempts over the past 12 months indicated some non-normal data, particularly
skewed to the right. To ensure we ran appropriate analyses, we verified whether item
variance was larger than item mean, as this is an assumption of negative binomial
regression analysis. To account for the over-dispersion of the count data (number of quit
attempts), we conducted a negative binomial regression in which the Incident Rate Ratio
(IRR) refers to the factor change in the outcome variable for each unit increase in the
predictor variable (UCLA: Statistical Consulting Group, n.d.). Finally, we conducted
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linear regressions to analyze how soon after waking one uses their e-cigarette, daily e-
cigarette use, and past 30-day e-cigarette use.

For all regression analyses, we controlled for comparative e-cigarette harm,
current combustible cigarette user status (yes/no), mental health, and demographic
variables. Additionally, on regressions assessing e-cigarette quit intentions and current
use behaviors, we controlled for nicotine dependence (NDSS), e-cigarette use reasons,
and e-cigarette composition. We did not control for nicotine knowledge as there was not
enough variability in responses; a large majority (98%) answered true on this item. Data
were analyzed using StataMP 18.0.

Results

Demographics. Respondents from Prolific were middle aged (M = 39.56 years,
SD = 12.66 years; Table 8), and roughly half were male (51.37%). Most identified as
non-Hispanic White (62.48%) and a greater proportion reported having a Bachelor’s
degree (39.89%). More than half (57.2%) reporting making up to $75,000 annually. The
most commonly reported reason for using an e-cigarette device was for enjoyment
(29.4%), followed by curiosity (28.39%), to quit smoking (19.6%), to reduce smoking
(14.82%), use when one cannot or is not allowed to smoke (6.03%), and other (1.76%). A
majority of respondents reported using an e-cigarette that contained nicotine (76.84%),
followed by other flavors (66.92%), mint or menthol flavor (44.78%), THC (32.32%),
CBD (24.37%), and their own mix (7.89%). Among non-users, 2.18% reported intention
to start using e-cigarettes in the next 30 days, and 0.78% reported intention to start using
e-cigarettes in the next 6 months.

Convergent Validity (Aim 2)

Harm to one’s own health. A Pearson’s correlation determined there was a moderate,
positive correlation between the NAP and perceptions that e-cigarettes could harm one’s
own health, #(547)=.2893, p <0.001 (Table 14).

Harm to others’ health. A Pearson’s correlation determined there was a weak, positive
correlation between the NAP and perceptions that e-cigarettes could harm someone else’s
health via secondhand vape smoke, 7(547)= .2085, p < 0.001.

Comparative harm. A Pearson’s correlation determined there was a weak, positive
correlation between the NAP and perceptions that e-cigarettes are harmful to a person’s
health, 7(547)=.1479, p = 0.0005.

Likelihood of becoming addicted. A Pearson’s correlation determined there was a
negligible, positive correlation between the NAP and perceived likelihood of becoming
addicted if they were/continue to use e-cigarettes, 7(547)=.0994, p = 0.0198.
Discriminant Validity (Aim 3)

Fagerstrom Test of Nicotine Dependence. A Pearson’s correlation determined there
was no significant correlation between NAP and FTND scores 7(226)=.0372, p = 0.5761
(see Table 14).

Nicotine Dependence Syndrome Scale. A Pearson’s correlation determined there was no
significant correlation between NAP and NDSS scores, 7(272)=.0807, p = 0.1832.

To promote parsimony in the regression models, we also assessed the correlation
between the FTND and NDSS. A Pearson’s correlation determined there was no
significant correlation between FTND and NDSS scores, 7(226)=.0019, p = 0.9776.
Criterion Validity (Aim 4)
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Logistic Regressions

Six month quit intentions. For every unit increase in perceptions of nicotine
addiction, intentions to quit using e-cigarettes in the next six months increased (OR =
1.03, 95% CI: 1.01, 1.04; p = 0.007; Table 15). For each unit of increased perception of
comparative e-cigarette harm, intentions to quit using e-cigarettes in the next six months
increased (OR = 1.47, 95% CI: 1.05, 2.06; p = 0.026). Among those making between
$50,001- $75,000 annually, intentions to quit using e-cigarettes in the next six months
increased (OR = 3.08, 95% CI: 1.06, 8.98, p = 0.039) compared to those making less than
$20,000 annually. Compared to non-Hispanic white adults, African American/Black
adults were twice as likely to report intentions of quitting using e-cigarettes in the next
six months (OR =2.14, 95% CI: 1.01, 4.58, p = 0.048).

Thirty day quit intentions. For each unit of increased perception of comparative
e-cigarette harm, desire to quit using e-cigarettes in the next 30 days increased (OR =
1.89, 95% CI: 1.16, 3.08; p = 0.010). Compared to those using e-cigarettes for
enjoyment, those using e-cigarettes to cut down on smoking (OR = 3.70, 95% CI: 1.16,
11.75; p = 0.027), and curiosity reported desire to quit using e-cigarettes in the next 30
days (OR =25.09, 95% CI: 3.57, 176.30; p = 0.001).

Initiation intentions. A very small proportion of non-e-cigarette users reported
intentions of using e-cigarettes in the next 30 days (0.73%) or six months (2.18%).
Therefore, planned regression analyses were not computed.

Attempted cessation in past 12 months. For each unit of increased perception of
comparative e-cigarette harm, the likelihood of having tried to quit using e-cigarettes in
the past 12 months increased (OR = 1.57, 95% CI: 1.12, 2.20; p = 0.009; Table X.
Logistic Regression Results). Compared to those using e-cigarettes for enjoyment, those
using e-cigarettes to use when they cannot or are not allowed to smoke were three times
as likely to report having tried to quit using e-cigarettes in the past 12 months (OR =
3.19,95% CI: 1.11, 9.18; p = 0.032). Compared to non-Hispanic White e-cigarette users,
Hispanic/Latinx e-cigarette users were three times as likely to report having tried quit
using e-cigarettes in the past 12 months (OR = 3.62, 95% CI: 1.49, 8.77, p = 0.004).
Negative Binomial Regression

Number of quit attempts in past 12 months. For each unit of increased
perception of nicotine addiction, the number of quit attempts over the past 12 months
decreased by a factor of 0.99 (95% CI [0.98, 1.00]; Table 16). For each unit of increased
perception of comparative e-cigarette harm, the number of quit attempts over the past 12
months increased by a factor of 1.62 (95 % CI [1.28, 2.05]). For every unit increase in
nicotine dependence, the number of quit attempts over the past 12 months increased by a
factor of 1.08 (95% CI [1.03, 1.14]). Compared to those using e-cigarettes for enjoyment,
those using e-cigarettes to quit smoking reported increased number of quit attempts over
the past 12 months by a factor of 2.00 (95% CI [1.17, 3.40]). For every unit increase in
age, the number of quit attempts over the past 12 months decreased by a factor of 0.98
(95% CI [0.96, 1.00]). For every unit increase in mental distress, the number of quit
attempts over the past 12 months increased by a factor of 1.24 (95% CI [1.01, 1.53]).
Linear Regressions

Measured time to first use of e-cigarette after waking. Compared to those
using e-cigarettes for enjoyment, those using e-cigarettes to quit smoking were likely to
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use their first e-cigarette sooner upon waking (b = -0.67, p < 0.001; Table 17). Compared
to those who use e-liquid that does not contain nicotine, those who use e-liquid that
contains nicotine were likely to use their first e-cigarette sooner upon waking (b =-0.49,
p = 0.003). Compared to non-Hispanic White e-cigarette users, African American/Black
e-cigarette users (b = 0.42, p = 0.010) were likely to use their first e-cigarette later upon
waking. Compared to those with a bachelor’s degree, those with a high school education
(b=-0.57, p=0.007) and those with some college education (b =-0.38, p = 0.011) were
likely to use their first e-cigarette sooner upon waking.

Daily e-cigarette use. Compared to those using e-cigarettes for enjoyment, those
using e-cigarettes to quit smoking cigarettes were likely to take more e-cigarette puffs per
day (b =0.28, p = 0.026; Table X: Linear Regression Results). Compared to non-
Hispanic White e-cigarette users, African American/Black e-cigarette users were likely to
take less e-cigarette puffs per day (b =-0.45, p <0.001). Compared to those with a
bachelor’s degree, those with a high school education (b = 0.55, p = 0.001) and those
with some college education (b = 0.27, p = 0.019) were likely to take more e-cigarette
puffs per day.

Past 30-day e-cigarette use. For every unit increase in perceptions of nicotine
addiction, the number of days vaped in the past 30 days increased (b = 0.00, p = 0.039;
Table X: Linear Regression Results). For every unit increase in comparative harm, the
number of days vaped in the past 30 days decreased (b =-0.15, p = 0.003). Compared to
those who use e-liquid that does not contain nicotine, those who use e-liquid that contains
nicotine were likely to vape on more days out of the past 30 days (b = 0.50, p <0.001).
Compared to those using e-cigarettes for enjoyment, those using e-cigarettes to quit
smoking were likely to vape on more days out of the past 30 days (b = 0.25, p = 0.026).
For every unit increase in mental distress, the number of days vaped in the past 30 days
decreased (b =-0.09, p = 0.033). Compared to non-Hispanic White e-cigarette users,
African American/Black (b =-0.51, p <0.001) and Hispanic/Latinx e-cigarette users (b =
-0.34, p = 0.010) were likely to vape on less days out of the past 30 days. Compared to
those with a bachelor’s degree, those with some college education were likely to vape on
more days out of the past 30 days (b =0.28, p = 0.006).

Discussion

As part of aim two (establishing convergent validity), we anticipated the NAP
scale would converge with pre-existing, single item assessments of health risk
perceptions used widely in research (Song et al., 2009). Our study found that there are
positive relationships between risk perceptions and NAP scores such that higher
perceived risk of e-cigarettes posing harm to personal health, and others’ health via
secondhand smoke were related to higher NAP scores. Regarding comparative harm,
responses that e-cigarettes are more harmful than combustible cigarettes were related to
higher overall NAP scores. Interestingly, there was a small yet significant correlation
between perceived likelihood of becoming addicted to e-cigarettes an NAP scores. This
may be attributable to people’s underestimation of the addictiveness of e-cigarettes
(Hobkirk et al., 2022), or that people do not have a clear understanding of what addiction
is. Without this understanding, people may be unable to estimate the likelihood of
becoming addicted to nicotine. Thus, using the NAP may provide deeper insight into
people’s mental schemas surrounding the development of nicotine addiction.
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As part of aim three (establishing discriminant validity), we anticipated the NAP
would be discernable from existing measures assessing addiction severity. Our findings
supported our hypotheses such that the NAP assesses a different construct than that of the
FTND and NDSS (perceptions of addiction vs. diagnostic assessment of addiction).
Given that the FTND and NDSS are both considered measures of addiction severity, we
expected a moderate to large correlation between these two measures. However, within
this sample, these scores were not related ( < .01). This lends support to the earlier
statement that it is difficult to compare scores between the FTND and NDSS as they do
not ask comparable questions despite claiming to assess the same construct. Moreover,
this exemplifies issues found in research that having non standardized measures assessing
one construct may contribute to the detriment of public health due to uncertainty or lack
of applicability to the general public (Neugebauer et al., 2021; Scott & Biondolillo,
2022).

As part of aim four (establishing criterion validity), we anticipated the NAP to
relate to vaping-related behaviors/intentions among people who currently vape and
people who have little to no experience using a vape. Due to little variation in intention to
start using e-cigarettes in the next six month and 30-days in our sample, we were unable
to assess the relationship between the NAP and initiation intentions. However, our
hypotheses were informed by existing research in this general area that find those with
higher perceptions of tobacco/nicotine addictiveness were less likely to initiate tobacco
product use (Chen et al., 2022; Cooper et al., 2018; Strong et al., 2019). Indeed, much of
the research surrounding e-cigarette initiation focuses on youth populations given that
substance use initiation is common in this age range. However, Cooper et al.’s (2018)
work examines this relationship among a U.S. college student sample. Specifically, they
found that lower perceptions of addiction were related to greater odds of initiating e-
cigarettes among current non-tobacco users.

In regard to perceptions of nicotine addiction and quit intentions, our findings
support existing research in this area (Perski et al., 2019) that find those with higher
perceptions of addiction are more likely to report intentions of quitting in the near future.
Among our sample, intentions to quit vaping within the next six months were significant,
but not within the next 30-days, suggesting that this group may be more addicted and
thus, have little intention of engaging in immediate change. Empirical research in this
area have found that smokers who are concerned about relapsing are less likely to attempt
quitting (Xie et al., 2021), which may extend to our sample. In this regard, our sample of
e-cigarette users may be interested in quitting in the near future, but not yet prepared to
make an actual attempt (i.e., in the next 30 days). Moreover, this may also provide insight
into this sample’s lack of quit attempts over the past year (56% said zero attempts).

Additionally, we hypothesized that NAP scores would relate negatively to past
30-day e-cigarette use. Within this sample, smokers with higher NAP scores were likely
to report using e-cigarettes on more days out of the past month. In line with existing
qualitative research, this sample may feel less control over their vaping and thus, use
these products daily to satiate their craving/symptoms of addiction (Berg et al., 2013).

The NAP was unrelated to several outcomes of interest including: 30-day quit
intentions, number of quit attempts over the past 12 months, time to first e-cigarette upon
waking, and daily e-cigarette use. This may be for a number of reasons. First, these
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outcomes pertain to people who are active e-cigarette users, therefore, it may not matter
what their perceptions of nicotine addiction are, as they are already addicted. It would be
interesting to know whether perceptions of addiction are important for people who have
not yet initiated use (i.e., youth), or intermittent users who are at risk of escalating to
addiction. Secondly, although NAP scores might not be related to these behavioral
outcomes among current users, it is possible that other outcomes might be related to
perceptions of nicotine addiction for intermittent users. For example, future researchers
may examine whether NAP scores relate to empathy towards addicts or being able to
recognize addiction. Among our sample, they may already be entrenched in addiction or
do not know what addiction is.

Limitations/Future Directions

A limitation of our study is the time period in which data were collected (late
December 2023). Nearing the end of the year, people make New Year’s resolutions,
predominantly related to change health behavior (Davis, 2023). In this regard,
respondents may have been more inclined to report having intentions to quit vaping in the
near future. However, among our sample, less than 40% had intentions to quit using a
vape in the next 30 days; roughly 50% had no intention of quitting vaping at all.

Future works may wish to collect longitudinal data to determine whether people’s
intentions regarding cessation turn into actionable behavior. Additionally, assessing how
people’s perceptions of nicotine addiction change across time may be helpful in
understanding whether/how perceptions change and their impact on behavior change.
Additionally, future research may examine the relationship between perceptions of
nicotine addiction and smoking behaviors using structural equation modeling. Using this
method, research can examine the relevancy and saliency of NAP subscales to specific
vaping related behaviors.

Conclusions

The NAP displays convergence with pre-existing single item assessments of risk
perceptions, divergence from measures assessing addiction severity, and relates to
cessation intentions and some e-cigarette use behaviors. For researchers who examine the
relationship between perceptions and their relationship(s) to e-cigarette outcomes, the
NAP can provide more meaningful information surrounding people’s understanding of
nicotine addiction.



Chapter 6: Discussion

The current study was designed to create and establish the validity of a new scale
assessing perceptions of nicotine addiction among a general audience using IRT
guidelines. Additionally, we wanted to understand whether people’s perceptions
surrounding nicotine addiction comprehensively aligned with the clinical dimensions of
tobacco use disorder. In this regard, researchers interested in examining perceptions as
they relate to smoking-related behaviors can utilize the NAP scale to better understand
the relevant dimensions of nicotine addiction in people’s cognitive development of risk
perceptions. The results from this study also provide additional evidence that existing
assessments of perceptions of nicotine addiction are either underestimating and/or
inappropriately measuring the impact of addiction cognitions and smoking-related
behavior (Cano et al., 2018; Pokhrel et al., 2014; Pokhrel, Fagan, et al., 2018; Pokhrel,
Lam, et al., 2018; Selekoglu Ok et al., 2020; Temourian et al., under review). This, in
turn, may be further misaligning clinical and research efforts to educate the public on the
nature of addiction, contributing to poor health communication.

Using scale development guidelines (Boateng et al., 2018; Depaoli & Liu, in
press), findings from the current study suggest reasonably adequate diagnostics of the
NAP scale, but this is compounded by the fact that most people do not know the clinical
definition of addiction. The data demonstrate that people’s lay understanding of
perceptions of nicotine addiction may not align with the DSM V dimensions of what
addiction actually is, how it is clinically assessed, and how it impacts people’s lives.
Therefore, although there is a clinical understanding of addiction, this does not translate
to the lay individual as clearly and remains an area where further investigation is needed.

Within this study, the most salient aspect of addiction in participant’s cognitions
fell in line with the general definition of addiction, that addiction is a chronic behavior
despite negative consequences (National Institute on Drug Abuse, 2020). Within the NAP
scale, negative consequences included using vaping devices in physically hazardous
conditions (dimension eight of DSM-V), social conflict with loved ones (dimension six
of DSM-V), and sustained use after explicit knowledge of harm to the self (dimension
nine of DSM-V). In contrast, existing qualitative work examining perceptions of nicotine
addiction posit that a more relevant aspect of addiction is craving (Berg et al., 2013;
Koopman Gonzalez et al., 2022). Moreover, one study using ecological momentary
assessment suggested that among those experiencing tobacco addiction, craving plays a
central role in their relapse (Fatseas et al., 2015). Thus, our finding that craving did not
emerge as a separate, distinct factor was surprising and may indicate education and
prevention efforts surrounding nicotine addiction need to be adjusted to highlight this
dimension of addiction.

Treating addiction can be difficult, in part due to people’s inability to
acknowledge they are addicted, or their desire to not be labeled an addict due to the
negative connotation surrounding this term (Larkin et al., 2006). Much of the work
educating the public has prioritized the consequences of nicotine addiction rather than the
experiences of nicotine addiction. This may help explain why lay people’s perceptions of
nicotine addiction encompass only five of 11 clinical dimensions. Education efforts
should emphasize the dimensions of addiction —rather than a simple definition — so that
people can recognize that they, or a loved one, is addicted and seek help prior to
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experiencing particularly damaging consequences of addiction (e.g., lung cancer, COPD,
death, etc.; Centers for Disease Control and Prevention, 2020b).

Most current preventative and intervention programs highlight the negative
consequences of tobacco use, but the lack of emphasis surrounding other dimensions of
addiction (e.g., persistent desire to reduce/control use, recreational activities are given
up/reduced due to substance use, etc.) may be diminishing the fact that active smokers are
using tobacco against their will. This last part, using tobacco against one’s will, is a
clinically recognized aspect of addiction and is demonstrated epidemiologically that over
70% of current smokers regret initiating in the first place (Nayak et al., 2017). Yet, this
aspect of addiction is not well understood by the general public. Future research may
choose to examine whether people’s knowledge in this area could be used to help prevent
future tobacco use.

Limitations and Future Directions

Some limitations must be addressed. First, an EFA and then a CFA were
conducted using a college student and a national online participant panel, respectively. It
could be argued that a general sample should be used for exploratory analyses and a
specific group of people (i.e., young college students) used for confirmatory analyses.
However, the methodology we employed was more financially feasible and
epidemiologically, the age group that are most likely to use e-cigarettes are those between
18-24 years (Kramarow & Elgaddal, 2023). Future research will need to confirm our
findings of the finalized 23-item NAP scale using other specific subgroups, especially
those at high risk for use of nicotine products. We also did not examine the relationship
between NAP subscales and e-cigarette behavior outcomes and intentions. Specific
subscales (e.g., withdrawal) may be more relevant to certain behaviors such as daily e-
cigarette use. Future research may choose to examine the relationships between NAP
subscales and vaping-related outcomes.

Conclusions

To our knowledge, this is the first study to create a comprehensive scale assessing
perceptions of nicotine addiction that align with clinical dimensions of tobacco use
disorder. Items in the final NAP scale returned adequate diagnostics using IRT guidelines
and construct validity was established using convergent, discriminant, and criterion
validity. The findings from this study suggest that for most, perceptions of nicotine
addiction may not align with DSM V clinical criteria, and this may be due potentially to
the lack of education surrounding addiction. Future research examining perceptions of
nicotine addiction can utilize the NAP scale to better understand lay people’s
understanding of addiction and its relationship to vaping related behaviors. Public health
efforts can utilize the scale to adapt curriculum to focus on the experiences of nicotine
addiction, rather than just the consequences of nicotine addiction to promote healthy
behavior. It would also be interesting to see how treatment programs adapt their
curriculum to reflect these dimensions and whether a well-rounded curriculum is related
to better outcomes or if certain dimensions are essential over others.
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Appendix A. Verbal Probe

Let me explain how the interview will work. I’'m going to have you read some questions,
I want you to tell me whatever comes into your mind as you read them and decide on a
response.

Prompts
Did you understand what the question was asking?

Were you able to clearly/definitively select a response?

Are the number of response options enough?

Is the quality of response options sufficient?

Do others agree with your opinion? If not, in what way do you disagree?

I
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Table 1. NAP Nicotine Addiction Perceptions (NAP) Scale Changes

Initial NAP

Final NAP

We want to understand what you believe
addiction to be. Please indicate what you
think are important markers for addiction.
(1 =not at all important, 5 = very
important)

1. Smoking more now than when first

started

Smoking increases in frequency

Smoking sessions get longer

Difficulty quitting smoking

Difficulty reducing smoking

Often thinking about quitting

smoking

7. Often thinking about reducing

smoking

Constantly want to quit smoking

Spending a lot of time thinking

about the next smoking session

Most thoughts are related to how

they can smoke again

11. Craving tobacco when not
smoking

12. Smoking gets in the way of daily
life

13. Smoking is a hindrance to daily
life

14. Smoking negatively impacts work
productivity

AN

o So

10.

Below we are going to give you a list of
behaviors related to nicotine based
vapes/e-cigarettes. On a scale from 1-5,
how important are any of these behaviors
in telling you a person is addicted to
vapes/e-cigarettes?

1. Vaping more now than when

they first started

2. Taking more puffs/hits
throughout the day

3. Taking more time per day to
vape

4. Having difficulty quitting
vaping

5. Having difficulty reducing their
vaping

6. Often thinking about quitting
vaping

7. Often thinking about reducing
their vaping

8. Constantly wanting to quit
vaping

9. Spending a lot of time thinking
about the next time they can
vape

10. Most thoughts are related to
how they can vape again

11. Craving a vape when they are

15. Arguing with people over smoking not vaping

16. Social life is negatively impacted 12. Vaping gets in the way of their
by smoking daily life

17. Smoking causes problems with 13. Vaping negatively impacts their
one'’s social circle work productivity

18. Giving up a social life in order to 14. Arguing with other people over
smoke their vaping

19. Giving up part of a job because of 15. Social life is negatively
smoking impacted by their vaping

20. Giving up hobbies because of 16. Vaping causes problems with
smoking their social circle

21. Cutting down on hobbies because 17. Person gives up their social life
of smoking in order to vape
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22. Smoking in places that might
cause a fire

23. Continued smoking even though
they are aware it is bad for them

24. Continued smoking even after
experiencing negative health
effects from smoking

25. Continued smoking even though it
causes conflict in social
relationships

26. Continued smoking even though it
causes conflict in romantic
relationships

27. Needing to use more tobacco to
get the same buzz

28. Becoming irritable when they do
not smoke

29. Becoming jumpy when they do not
smoke

30. Having a hard time concentrating
when they do not smoke

31. Having trouble sleeping when they
do not smoke

32. Feeling anxious when they do not
smoke

33. Feeling sad when they do not
smoke

18. Giving up part of their job
because of vaping

19. Giving up hobbies because of
vaping

20. Cutting down on hobbies
because of vaping

21. Vaping in places that might
cause a fire

22. Continued vaping even though
they are aware it is bad for
them

23. Continued vaping even after
experiencing negative health
effects from vaping

24. Continued vaping even though
it causes conflict in their
familial relationships

25. Continued vaping even though
it causes conflict in their
relationships with friends

26. Continued vaping even though
it causes conflict in their
romantic relationships

27. Needing to vape more to get
the same buzz

28. Becoming irritable when they
do not vape

29. Being on edge when they do
not vape

30. Having a hard time
concentrating when they do not
vape

31. Having trouble sleeping when
they do not vape

32. Feeling anxious when they do
not vape

33. Feeling sad when they do not
vape

34. Eating more when they do not
vape

35. Drinking more alcoholic
beverages when they do not
vape
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36. Drinking less alcoholic
beverages when they do not
vape




Table 2.NAP Prompt A Scale Changes

53

Prompt A Initial Version

Prompt A Final Version

Imagine you are a person who is addicted
to nicotine. If you were addicted to
nicotine, how would you answer the
following questions, please answer the
following questions as if you are addicted
to nicotine.

How much would an addicted person
agree with the following statements?

1. I smoke more now than I used to

2. Over time, I find myself using
tobacco more frequently

3. Over time, my smoking sessions

have gotten longer

1 find it difficult to quit smoking

5. [Ifind it difficult to reduce my
smoking

6. 1 believe [ would be successful if
tried quitting smoking

7. I believe I would be successful if [
tried to reduce my smoking

8. [ often think about quitting
smoking

9. [ often think about reducing how
much I smoke

10. When I am not smoking, I am
spending a lot of time thinking
about when I will smoke next

11. When I can't smoke, many of my
thoughts are about how I can
smoke again

12. When I am not smoking, I crave
tobacco

13. My smoking gets in the way of my
daily life

14. Smoking is a hindrance to my
daily life

15. Smoking negatively impacts my
ability at work

16. I have gotten into arguments with
people over my smoking

N

Imagine you are a person who is addicted
to nicotine. If you were addicted to
nicotine, how would you answer the
following questions?

How much would an addicted person
agree with the following statements?

1. Ivape more now than I used to

2. Over time, I find myself vaping
more frequently per day

3. Over time, my vaping sessions
have gotten longer

4. 1 find it difficult to quit vaping

5. [find it difficult to reduce my
vaping

6. 1 believe [ would be successful if
tried quitting vaping

7. I believe I would be successful if [

tried to reduce my vaping

1 often think about quitting vaping

1 often think about reducing how

much I vape

10. When I am not smoking, I am
spending a lot of time thinking
about when I will vape next

11. When I can 't vape, many of my
thoughts are about how I can vape
again

12. When I am not vaping, I crave
tobacco

13. My vaping gets in the way of my
daily life

14. Vaping is a hindrance to my daily
life

15. Vaping negatively impacts my
ability at work

16. I have gotten into arguments with
people over my vaping

17. Vaping hurts my social life

18. Vaping is a source of problems
with those close to me

o So
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17. Smoking hurts my social life

18. Smoking is a source of problems
with those close to me

19. I have given up my social life in
order to smoke

20. I've given up some of my job
because of my smoking

21. I have given up hobbies because of
my smoking

22. I dont participate in my hobbies
as much as I used to because of my
smoking

23. I have smoked in places where my
smoking might cause a fire

24. Even though I know smoking is
bad for me, I continue to smoke

25. Even though I experience negative
health effects from smoking, 1
continue to smoke

26. Even though smoking causes
conflict in my relationships, 1
continue to smoke

27. I need to use more tobacco to get
the same buzz

28. When I do not smoke, I become
irritable

29. When I do not smoke, I become
Jumpy

30. When I do not smoke, I have a
hard time concentrating

31. When I do not smoke, I have
trouble sleeping

32. When I do not smoke, I become
anxious

33. When I do not smoke, I feel sad

19. I have given up my social life in
order to vape

20. I've given up some of my job
because of my vaping

21. I have given up hobbies because of
my vaping

22. I dont participate in my hobbies
as much as I used to because of my
vaping

23. I have vaped in places where my
smoking might cause a fire

24. Even though I know vaping is bad
for me, I continue to smoke

25. Even though I experience negative
health effects from vaping, 1
continue to vape

26. Even though vaping causes
conflict in my romantic
relationships, I continue to vape

27. Even though vaping causes
conflict in my familial
relationships, I continue to vape

28. Even though vaping causes
conflict within my friendships, |
continue to vape

29. I need to vape more to get the
same buzz

30. When I do not vape, I become
irritable

31. When I do not vape, I become on
edge

32. When I do not vape, I have a hard
time concentrating

33. When I do not vape, I have trouble
sleeping

34. When I do not vape, I become
anxious

35. When I do not vape, I feel sad

36. When I do not vape, I eat more

37. When I do not vape, I eat less

38. When I do not vape, I drink more

39. When I do not vape, I drink less
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Appendix B. Prompt 1A

Imagine you are a person who is addicted to nicotine. If you were addicted to nicotine,
how would you answer the following questions, please answer the following questions as
if you are addicted to nicotine.

How much would an addicted person agree with the following statements?

34. I smoke more now than I used to

35. Over time, I find myself using tobacco more frequently

36. Over time, my smoking sessions have gotten longer

37. 1 find it difficult to quit smoking

38. 1 find it difficult to reduce my smoking

39. I believe I would be successful if I tried quitting smoking

40. I believe I would be successful if I tried to reduce my smoking

41. I often think about quitting smoking

42. I often think about reducing how much I smoke

43. When I am not smoking, I am spending a lot of time thinking about when I will
smoke next

44. When I can't smoke, many of my thoughts are about how I can smoke again

45. When I am not smoking, I crave tobacco

46. My smoking gets in the way of my daily life

47. Smoking is a hindrance to my daily life

48. Smoking negatively impacts my ability at work

49. I have gotten into arguments with people over my smoking

50. Smoking hurts my social life

51. Smoking is a source of problems with those close to me

52. I have given up my social life in order to smoke

53. I've given up some of my job because of my smoking

54. I have given up hobbies because of my smoking

55. I don t participate in my hobbies as much as I used to because of my smoking

56. I have smoked in places where my smoking might cause a fire

57. Even though I know smoking is bad for me, I continue to smoke

58. Even though I experience negative health effects from smoking, I continue to
smoke

59. Even though smoking causes conflict in my relationships, I continue to smoke

60. I need to use more tobacco to get the same buzz

61. When I do not smoke, I become irritable

62. When I do not smoke, I become jumpy

63. When I do not smoke, I have a hard time concentrating

64. When I do not smoke, I have trouble sleeping

65. When I do not smoke, I become anxious

66. When I do not smoke, I feel sad
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Appendix C. Prompt 2A
Imagine you are a person who is addicted to nicotine. If you were addicted to nicotine,
how would you answer the following questions?

How much would an addicted person agree with the following statements?

40. I vape more now than I used to

41. Over time, I find myself vaping more frequently per day

42. Over time, my vaping sessions have gotten longer

43. 1 find it difficult to quit vaping

44. 1 find it difficult to reduce my vaping

45. I believe I would be successful if I tried quitting vaping

46. I believe I would be successful if I tried to reduce my vaping

47. I often think about quitting vaping

48. I often think about reducing how much I vape

49. When I am not smoking, I am spending a lot of time thinking about when I will
vape next

50. When I can 't vape, many of my thoughts are about how I can vape again

51. When I am not vaping, I crave tobacco

52. My vaping gets in the way of my daily life

53. Vaping is a hindrance to my daily life

54. Vaping negatively impacts my ability at work

55. I have gotten into arguments with people over my vaping

56. Vaping hurts my social life

57. Vaping is a source of problems with those close to me

58. I have given up my social life in order to vape

59. I've given up some of my job because of my vaping

60. I have given up hobbies because of my vaping

61. I don t participate in my hobbies as much as I used to because of my vaping

62. I have vaped in places where my smoking might cause a fire

63. Even though I know vaping is bad for me, I continue to smoke

64. Even though I experience negative health effects from vaping, I continue to vape

65. Even though vaping causes conflict in my romantic relationships, I continue to
vape

66. Even though vaping causes conflict in my familial relationships, I continue to
vape

67. Even though vaping causes conflict within my friendships, I continue to vape

68. I need to vape more to get the same buzz

69. When I do not vape, I become irritable

70. When I do not vape, I become on edge

71. When I do not vape, I have a hard time concentrating

72. When I do not vape, I have trouble sleeping

73. When I do not vape, I become anxious

74. When I do not vape, I feel sad

75. When I do not vape, I eat more



76. When I do not vape, I eat less
77. When I do not vape, I drink more
78. When I do not vape, I drink less

57
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Appendix D. Prompt 1B
We want to understand what you believe addiction to be. Please indicate what you think

are important markers for addiction. (1 = not at all important, 5 = very important)

34
35

. Smoking more now than when first started
. Smoking increases in frequency

36. Smoking sessions get longer
37. Difficulty quitting smoking

38
39
40

41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51
52.
53.
54.
55.
6.
57.
58.
59.
60.
61.

62
63
64
65
66.

. Difficulty reducing smoking

. Often thinking about quitting smoking

. Often thinking about reducing smoking

Constantly want to quit smoking

Spending a lot of time thinking about the next smoking session

Most thoughts are related to how they can smoke again

Craving tobacco when not smoking

Smoking gets in the way of daily life

Smoking is a hindrance to daily life

Smoking negatively impacts work productivity

Arguing with people over smoking

Social life is negatively impacted by smoking

Smoking causes problems with one s social circle

Giving up a social life in order to smoke

Giving up part of a job because of smoking

Giving up hobbies because of smoking

Cutting down on hobbies because of smoking

Smoking in places that might cause a fire

Continued smoking even though they are aware it is bad for them
Continued smoking even after experiencing negative health effects from smoking
Continued smoking even though it causes conflict in social relationships
Continued smoking even though it causes conflict in romantic relationships
Needing to use more tobacco to get the same buzz

Becoming irritable when they do not smoke

. Becoming jumpy when they do not smoke

. Having a hard time concentrating when they do not smoke

. Having trouble sleeping when they do not smoke

. Feeling anxious when they do not smoke

. Feeling sad when they do not smoke



Appendix E. Prompt 2B
We want to understand what you believe addiction to be. Please imagine someone who is
addicted to e-cigarettes/vapes. Please indicate what you think are important markers for

addiction. (1 = not at all important, 5 = very important)
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31

32
33
34
35
36.

Vaping more now than when first started
Vaping increases in frequency
Vaping sessions get longer
Difficulty quitting vaping
Difficulty reducing vaping
Often thinking about quitting vaping
Often thinking about reducing vaping
Constantly want to quit vaping
Spending a lot of time thinking about the next vaping session
. Most thoughts are related to how they can vape again
. Craving a vape when not smoking
. Vaping gets in the way of daily life
. Vaping is a hindrance to daily life
. Vaping negatively impacts work productivity
. Arguing with people over vaping
. Social life is negatively impacted by vaping
. Vaping causes problems with one's social circle
. Giving up a social life in order to vape
. Giving up part of a job because of vaping
. Giving up hobbies because of vaping
. Cutting down on hobbies because of vaping
. Vaping in places that might cause a fire
. Continued vaping even though they are aware it is bad for them
. Continued vaping even after experiencing negative health effects from vaping
. Continued vaping even though it causes conflict in familial relationships
. Continued vaping even though it causes conflict in relationships with friends
. Continued vaping even though it causes conflict in romantic relationships
. Needing to vape more to get the same buzz
. Becoming irritable when they do not vape
. Being on edge when they do not vape
Having a hard time concentrating when they do not vape
. Having trouble sleeping when they do not vape
. Feeling anxious when they do not vape
. Feeling sad when they do not vape
. Eating more when they do not vape
. Eating less when they do not vape

37. Drinking more when they do not vape

38

. Drinking less when they do not vape

59
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Appendix F. Cognitive Interviews-Specific Feedback

Prompt 1A. Participant 1 responded neutrally to candidate item 2 which prompted
a discussion regarding the word “tobacco” and what that encompassed. Following some
discussion, the need to specify tobacco consumption modality was evident (i.e., vapes/e-
cigarette, cigarettes, hookah, etc.). Participant 1 responded neutrally to candidate item 26
which prompted a discussion regarding the term “relationships”. During this interview,
the need to specify the type of relationship became evident when Participant 1 disclosed
they would respond differently across relationships (i.e., romantic vs social/friends).

Prompt 2A. Adjusting the scale language to relate only to vaping products
reduced confusion for this group of participants. In the cognitive interview for this
prompt, there was no confusion or need for clarification regarding the term “vaping”.
Participant 4 needed the term “hindrance” in item 14 to be defined to respond, which
suggests the need to use more accessible language in future adaptations of this scale. For
candidate item 15, participant 4 reported ambiguity in the term “work™ and said they
would respond differently between schoolwork and employment. For candidate item 36,
the participant also reported the term “drink” to be too ambiguous (i.e., non-alcoholic vs.
alcoholic drinks) and said they would respond differently between these two different
types of drinks.

Prompt 1B. Participants 2 and 3 requested clarification for item 2 “Smoking
increases in frequency”’; more specifically, what “frequency” entails. For the purposes of
this interview, the facilitator specified a frequency of “per day”. Regarding candidate
item 22, participant 2 argued that starting a fire would not relate to e-cigarettes unless
people deliberately opened the battery area and connected specific wires to one another in
order to ignite a fire. For item 25, participant 3 asked for clarification on the term “social
relationship” and disclosed they would respond differently between friendships and
familial relationships. Participant 2 suggested that instead of using the term “jumpy” for
item 29, the phrase “on edge” be used instead. The facilitator asked whether there were
other behaviors they thought would be exacerbated/reduced when not smoking, to which
they responded with changes in eating behavior. Following a discussion with an expert in
tobacco control, the decision was made to add more items to further specify types of
personal relationships and withdrawal symptoms (i.e., eating more or less, drinking more
or less).

Prompt 2B. Similar to participants 2 and 3, participant 5 requested clarity for item
2 “Vaping increases in frequency”; as before, the facilitator specified “per day” to provide
a reference of time. This led to a discussion of binge behaviors related to vaping; people
may vape more over the weekend given they have more time for social activities (e.g.,
parties) so “per day” may not always apply. Near the beginning of the cognitive
interview, participant 4 wanted to discuss the ambiguity in response options; the
facilitator suggested thinking about the response options as how important of a marker
each item is whether someone is addicted to nicotine (in their opinion). Regarding item
14 “Vaping negatively impacts work productivity”, participant 5 noted that separating
between schoolwork and employment would help them select a more definitive response.
For items 37 and 38, participant 2 also noted the ambiguity in the term “drinking” and
asked whether that encompassed alcoholic or non-alcoholic beverages. During the
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cognitive interview, the facilitator asked the participant to respond verbally for both
forms of beverages.

Prompt 3B. Hindrance needed to be defined for both participants 6 and 7.
Anchoring candidate items with the term “person” was not favored by participants 6 and
7 so the decision was made to revert back to candidate item phrasing used in prompt 2B
for future versions of the survey.

Prompt 4B. Hindrance needed to be defined for participants 8 and 9. Participants
8 and 9 suggested adding the term “their” to candidate item 15 to clarify that a person
argues with others over their vaping, not just arguing with others over vaping in general.
Participants 8 and 9 suggested removing item 36 as eating less when a person does not
vape is counter-intuitive to what vaping does (e.g., since nicotine curbs hunger, eating
less when they are not vaping did not make sense to them). Though previously separated
into alcoholic and non-alcoholic beverages, participants 8 and 9 suggested removing
items assessing consumption of non-alcoholic beverages.
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Appendix G. Nicotine Addiction Perceptions (NAP) scale

Below we are going to give you a list of behaviors related to nicotine based vapes/e-
cigarettes. On a scale from 1-5, how important are any of these behaviors in telling you a
person is addicted to vapes/e-cigarettes?

Vaping more now than when they first started

Taking more puffs/hits throughout the day

Taking more time per day to vape

Having difficulty quitting vaping

Having difficulty reducing their vaping

Often thinking about quitting vaping

Often thinking about reducing their vaping

Constantly wanting to quit vaping

Spending a lot of time thinking about the next time they can vape

10. Most thoughts are related to how they can vape again

11. Craving a vape when they are not smoking

12. Vaping gets in the way of their daily life

13. Vaping negatively impacts their work productivity

14. Arguing with other people over their vaping

15. Social life is negatively impacted by their vaping

16. Vaping causes problems with their social circle

17. Person gives up their social life in order to vape

18. Giving up part of their job because of vaping

19. Giving up hobbies because of vaping

20. Cutting down on hobbies because of vaping

21. Vaping in places that might cause a fire

22. Continued vaping even though they are aware it is bad for them

23. Continued vaping even after experiencing negative health effects from vaping

24. Continued vaping even though it causes conflict in their familial relationships

25. Continued vaping even though it causes conflict in their relationships with
friends

26. Continued vaping even though it causes conflict in their romantic
relationships

27. Needing to vape more to get the same buzz

28. Becoming irritable when they do not vape

29. Being on edge when they do not vape

30. Having a hard time concentrating when they do not vape

31. Having trouble sleeping when they do not vape

32. Feeling anxious when they do not vape

33. Feeling sad when they do not vape

34. Eating more when they do not vape

35. Drinking more alcoholic beverages when they do not vape

36. Drinking less alcoholic beverages when they do not vape

00NN W~



Table 3. Removed items from EFA and reasoning
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Item

Reason for Removal

Loading(s) & Factor(s)

10. Most thoughts are
related to how they can
vape again

20. Cutting down on
hobbies because of vaping

poor factor loading

0.47 (Withdrawal)

0.53 (Social impact)

32. Feeling anxious when 0.37 (Withdrawal)
they do not vape

9. Spending a lot of time 0.38 (Withdrawal)
thinking about the next 0.30 (Tolerance)
time they can vape

11. Craving a vape when 0.36 (Withdrawal)
they are not smoking 0.37 (Tolerance)
14. Arguing With othe?r Loads poorly onto two 0.37 (Withdrawal)
people over their vaping factors 0.47 (Tolerance)
15. Social life is negatively 0.44 (Withdrawal)

impacted by their vaping

16. Vaping causes
problems with their social
circle

0.48 (Persistent desire to
quit/reduce use)

0.44 (Withdrawal)
0.35 (Tolerance)

4. Having difficulty
quitting vaping

5. Having difficulty
reducing their vaping

33. Feeling sad when they
do not vape

Loads poorly onto three
factors

0.30 (Withdrawal)

0.28 (Tolerance)

0.38 (Persistent desire to
quit/reduce use)

0.26 (Withdrawal)

0.28 (Tolerance)

0.35 (Persistent desire to
quit/reduce use)

0.20 (Withdrawal)

0.22 (Tolerance)

0.20 (Persistent desire to
quit/reduce use)




Table 4. Results From a Factor Analysis of the Nicotine Addiction Perceptions (NAP) Scale- Best Fitting Model
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NAP item Factor loading
1 2 3 4 5 6

Factor 1: Continued use despite negative consequences
21. Vaping in places that might cause a fire 0.81 -0.16 0 0.09  0.06 0.06
22. Continued vaping even though they are aware it is bad for them 08 0.03 005 -0.16 0.02 0.14
23. Continued vaping even after experiencing negative health effects
from vaping 0.66 0.11 0.07  0.05 0.04 0.1
24. Continued vaping even though it causes conflict in their familial
relationships 082 004 0.03 008 0.06 -0.04
25. Continued vaping even though it causes conflict in their
relationships with friends 0.79 0.11 0 0.13 0.03  -0.06
26. Continued vaping even though it causes conflict in their romantic
relationships 0.67 0.19 0.1 0.05 0.03 -0.06
Factor 2: Withdrawal
27. Needing to vape more to get the same buzz 027 051 0.16 -0.05 -0.07 0.1
28. Becoming irritable when they do not vape 0.03 079 002 0.15 0.09 0
29. Being on edge when they do not vape 0.01 0.81 0.05 0.1 0.07  0.05
30. Having a hard time concentrating when they do not vape 0.14 050 0.14 0.13 0 0.19
31. Having trouble sleeping when they do not vape 027 053 0.12 0.03 -0.05 0.15
Factor 3: Tolerance
1. Vaping more now than when they first started -0.01  0.07 091 -0.09 0.06 -0.04
2. Taking more puffs/hits throughout the day 0.01 -0.09 093 0.07 -0.01 0.05
3. Taking more time per day to vape 0.03 0.03 0.85 0.05 0 -0.01
Factor 4: Social Impact
12. Vaping gets in the way of their daily life 0.01 024  0.18 0.58 0.08 0.04
13. Vaping negatively impacts their work productivity 0.09 0.1 0.21 055 0.02  0.11
17. Person gives up their social life in order to vape 0.16 0.13 008 0.64 0.05 0.06
18. Giving up part of their job because of vaping 0.17 017 006 0.60 0.06 0.08
19. Giving up hobbies because of vaping 0.09 017 008 056 0.09 0.14

Factor 5: Consistent desire to quit/reduce use




6. Often thinking about quitting vaping 0.01 -0.01 -0.01 -0.02 0.92 0.04
7. Often thinking about reducing their vaping -0.04  0.02 0.05 -0.06 0.96 0.03
8. Constantly wanting to quit vaping 0.1 -0.02 -0.02 0.13 0.80 -0.05
Factor 6: Substitution to other behavior

34. Eating more when they do not vape -0.03  0.09 0.02 0.01 0.05 0.84
35. Drinking more alcoholic beverages when they do not vape 0.12  -0.09 0.11 0.29  0.03 0.59
36. Drinking less alcoholic beverages when they do not vape 0.1 0.01 -0.07 -0.1 0.14 0.60

65

Note. N = 177. The extraction method was principal axis factoring with an oblique rotation (oblimin). Factor loadings above

.50 are in bold.
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Table 5. SONA Sample Descriptive Statistics (%)

Current Current Total
Non-Vapers Vapers Sample (n =
(n=154) (n=25) 179)
Gender
Female 79.78
Male 16.85
Other 3.37
Age (Mean, SD) 20.53 (2.69)
Race/Ethnicity
Asian American 21.23
Hispanic/Latinx 65.17
White Non-Hispanic 10.11
Other 3.49
Annual Income
Up to $10,000 12.36
$11,000 - $25,000 12.36
$25,001 - $50,000 17.98
$50,001 - $75,000 11.24
$75,001 - $100,000 10.11
$100,001 - $200,000 8.43
Over $200,000 1.69
Unsure 25.84
Parent owns home 52.25
Ever e-cigarette user 44.13
Current cigarette user 1.68
Primary reason for using e-cigarettes
To quit smoking 8.00
To cut down smoking --
To use when cannot or are not allowed 8.00
to smoke
Enjoyment 28.00
Curiosity 48.00
Other 8.00
E-cigarette Initiation Intentions
No intention 99.35 -- --
Within next 6 months, but not 30 days 0.65 -- --
Within next 30 days -- -- --
E-cigarette Cessation Intentions
No intention -- 40.00 --
Within next 6 months, but not 30 days -- 32.00 --
Within next 30 days -- 28.00 --

E-cigarette Composition
Nicotine -- 76.00 --



Mint or Menthol flavor
Some other flavor
CBD
THC
Own mix
Daily E-cigarette Use
1-9 times per day
10-24 times per day
25+ times per day
Monthly E-cigarette Use
1-10 days per month
11-24 days per month
25 + days per month

31.82
59.09
33.33
52.17

61.90
23.81
14.29

62.50
16.67
20.83

67
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Figure 1. Exploratory Factor Analysis Scree Plot
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Table 6. Results From a Factor Analysis of the Nicotine Addiction Perceptions (NAP) Scale- All items
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NAP item Factor loading

1 2 3 4 5 6
Factor 1: Withdrawal
9. Spending a lot of time thinking about the next time they can vape 0.38 0.04 0.3 0.22  0.07 0.05
10. Most thoughts are related to how they can vape again 048 0.14 0.21 0.2 0.03 0.05
11. Craving a vape when they are not smoking 036 0.05 037 0.2 0.06 0
27. Needing to vape more to get the same buzz 049 024 0.16 -0.03 0.1 -0.03
28. Becoming irritable when they do not vape 0.79 0.05 002 0.11 0 0.11
29. Being on edge when they do not vape 0.7 0.05 005 0.09 0.06 0.08
30. Having a hard time concentrating when they do not vape 052 0.14 0.13 0.08 0.22 0.02
31. Having trouble sleeping when they do not vape 0.61 0.23 0.11  -0.05 0.17 -0.03
32. Feeling anxious when they do not vape 0.51 0.2 0.11 0.03 0.25  -0.01
Factor 2: Continued vaping despite negative consequences
14. Arguing with other people over their vaping 0.06 046 0.02 038 0.13 0
15. Social life is negatively impacted by their vaping -0.05  0.51 0.1 048 0.08 0.02
16. Vaping causes problems with their social circle -0.02 049 024 031 0.08 -0.01
21. Vaping in places that might cause a fire -0.13  0.76 0.02 0.07 0.08 0.11
22. Continued vaping even though they are aware it is bad for them 0.08 072 006 -0.16 0.15 0.09
23. Continued vaping even after experiencing negative health effects
from vaping 026 054 0.07 -0.08 0.15 0.1
24. Continued vaping even though it causes conflict in their familial
relationships 0.14  0.71 0.06  0.01 0 0.12
25. Continued vaping even though it causes conflict in their
relationships with friends 0.18 0.7 0.04 0.08 -0.01 0.08
26. Continued vaping even though it causes conflict in their romantic
relationships 0.19 062 0.13 005 -0.03 0.06
Factor 3: Craving/Tolerance
1. Vaping more now than when they first started 0.02  0.01 092 -0.09 -0.05 0.06
2. Taking more puffs/hits throughout the day -0.09  0.01 094 0.02 0.07 0
3. Taking more time per day to vape 0.04 0.02 087 0.02 0 0.01




11. Craving a vape when they are not smoking

Factor 4: Social Impact

4. Having difficulty quitting vaping

5. Having difficulty reducing their vaping

12. Vaping gets in the way of their daily life

13. Vaping negatively impacts their work productivity

17. Person gives up their social life in order to vape

18. Giving up part of their job because of vaping

19. Giving up hobbies because of vaping

20. Cutting down on hobbies because of vaping

Factor 5: Substitution to other behavior

33. Feeling sad when they do not vape

34. Eating more when they do not vape

35. Drinking more alcoholic beverages when they do not vape
36. Drinking less alcoholic beverages when they do not vape
Factor 6: Unsuccessful quitting/reduction

6. Often thinking about quitting vaping

7. Often thinking about reducing their vaping

8. Constantly wanting to quit vaping

0.36

0.28
0.24
0.31
0.15
0.25
0.31
0.25
0.23

0.27
0.03
-0.06
-0.12

-0.03
-0.03
0.03

0.05

0
-0.07
0.03
0.12
0.19
0.16
0.09
0.17

0.12
-0.07
0.08
0.13

0
-0.03
0.07

0.37

0.27
0.28
0.18
0.21
0.06
0.05
0.06
0.17

0.2
-0.01
0.09
-0.08

-0.03
0.03
-0.02

0.2

0.39
0.39
0.49
0.47
0.49
0.45
0.48
0.38

-0.1
-0.03
0.18
-0.05

-0.03
-0.05
0.06

0.06

0
0.1
0.08
0.16
0.11
0.12
0.19
0.14

0.48
0.95
0.68
0.59

0.02
0.01
-0.03

70

0

0.14
0.21
0.1
0.03
0.08
0.1
0.11
0.04

0
0.04
0.05
0.14

0.96
0.97
0.82

Note. N = 177. The extraction method was principal axis factoring with an oblique (oblimin) rotation. Factor loadings above

.35 are in bold.



Table 7. Six Factor Correlation Table
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Factor 1 2 3 4 5

1. Continued use

despite negative -

consequences

2. Withdrawal .69 -

3. Tolerance .68 .68 -

4. Social Impact .62 .66 .61 -

5. Conmstent desire to 57 36 51 35 i
quit/reduce use

6. Substitution to other 61 46 51 a1 53

behavior
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Appendix H. Final Nicotine Addiction Perceptions (NAP) scale

Below we are going to give you a list of behaviors related to nicotine based vapes/e-
cigarettes. On a scale from 1-5, how important are any of these behaviors in telling you a
person is addicted to vapes/e-cigarettes?

Vaping more now than when they first started

Taking more puffs/hits throughout the day

Taking more time per day to vape

Having difficulty quitting vaping

Having difficulty reducing their vaping

Often thinking about quitting vaping

Often thinking about reducing their vaping

Constantly wanting to quit vaping

Spending a lot of time thinking about the next time they can vape

10. Most thoughts are related to how they can vape again

11. Craving a vape when they are not vaping

12. Vaping gets in the way of their daily life

13. Vaping negatively impacts their work productivity

14. Arguing with other people over their vaping

15. Social life is negatively impacted by their vaping

16. Vaping causes problems with their social circle

17. Person gives up their social life in order to vape

18. Giving up part of their job because of vaping

19. Giving up hobbies because of vaping

20. Cutting down on hobbies because of vaping

21. Vaping in places that might cause a fire

22. Continued vaping even though they are aware it is bad for them

23. Continued vaping even after experiencing negative health effects from vaping

24. Continued vaping even though it causes conflict in their familial relationships

25. Continued vaping even though it causes conflict in their relationships with
friends

26. Continued vaping even though it causes conflict in their romantic
relationships

27. Needing to vape more to get the same buzz

28. Becoming irritable when they do not vape

29. Being on edge when they do not vape

30. Having a hard time concentrating when they do not vape

31. Having trouble sleeping when they do not vape

32. Feeling anxious when they do not vape

33. Feeling sad when they do not vape

34. Eating more when they do not vape

35. Drinking more alcoholic beverages when they do not vape

36. Drinking less alcoholic beverages when they do not vape

00NN W~



Table 8. Prolific Sample Descriptive Statistics (%)
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Non-Vapers Vapers Total
(n=275) (n=274) Sample (n =
549)
Gender
Female 49.09 43.07 46.08
Male 47.27 55.47 51.37
Other 3.64 1.46 2.55
Age (Mean, SD) 38.68 40.44 39.56
(13.49) (11.72) (12.66)
Race/Ethnicity
African-American/Black 8.36 21.17 14.75
Hispanic 10.18 13.14 11.66
White Non-Hispanic 68.36 56.57 62.48
Other 13.09 9.12 11.11
Education Level
High school or lower 12.36 12.77 12.57
Some college or Associate’s degree 29.45 38.69 34.06
Bachelor’s degree 38.55 41.24 39.89
Graduate or Professional degree 19.64 7.30 13.48
Annual Income
Up to $10,000 3.64 292 3.28
$11,000 - $25,000 10.55 12.41 11.48
$25,001 - $50,000 22.55 22.63 22.59
$50,001 - $75,000 20.73 18.98 19.85
$75,001 - $100,000 16.36 13.87 15.12
$100,001 - $200,000 18.18 27.37 22.77
Over $200,000 7.64 1.82 4.74
Current cigarette user 8.00 47.84 34.62
Primary reason for using e-cigarettes
To quit smoking 7.26 25.18 19.60
To cut down smoking 3.23 20.07 14.82
To use when cannot or are not allowed 1.61 8.03 6.03
to smoke
Enjoyment 242 41.61 29.40
Curiosity 83.06 3.65 28.39
Other 242 1.46 1.76
E-cigarette Initiation Intentions
No intention 97.09 -- --
Within next 6 months, but not 30 days 0.73 -- --
Within next 30 days 2.18 -- --
E-cigarette Cessation Intentions
No intention -- 49.27 --
Within next 6 months, but not 30 days -- 13.14 --



Within next 30 days
E-cigarette Composition
Nicotine
Mint or Menthol flavor
Some other flavor
CBD
THC
Own mix
Daily E-cigarette Use
1-9 times per day
10-24 times per day
25+ times per day
Monthly E-cigarette Use
2-10 days per month
11-24 days per month
25 + days per month

64.71
28.57
65.55
26.05
36.97
0.84

37.59

82.12
51.82
67.52
23.72
30.29
10.95

46.52
28.21
25.27

18.98
20.80
60.22

76.84
44.78
66.92
24.37
32.32
7.89

74

Note. SD = standard deviation.



Table 9. Six Factor CFA Solution
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Factor Item Factor
Loading
Continued use despite negative consequences 21 0.622
22 0.734
23 0.817
24 0.814
25 0.831
26 0.852
Withdrawal 11 0.798
27 0.780
28 0.864
29 0.855
30 0.882
31 0.849
Tolerance 1 0.847
2 0.883
3 0.917
Social Impact 12 0.888
13 0.861
17 0.899
18 0.858
19 0.828
Consistent desire to quit/reduce use 6 0.834
7 0.818
8 0.895
Substitution to other behavior 34 0.812
35 0.859
36 0.250

Note. Factor loadings are standardized
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Table 10. Fit indices for CFA

Model 12 (df) RMSEA CFI TLI SRMR
(90% CI)
6 factor 766.528 0.056 0.794 0.765 0.044
model (284)* (0.051,
0.060)
5 factor 518.808(220)* 0.050 0.854 0.832 0.041
model (0.044,
0.055)

Note: N =549. All values are robust. RMSEA = root mean-square error of
approximation; CI; Confidence Interval; CFI = Comparative fit Index; TLI = Tucker
Lewis Index; SRMR = standardized root mean-square residual.

*p<0.001



Table 11. Five Factor CFA Solution

Factor Item Factor
Loading

Continued use despite negative consequences 21 0.611
22 0.728

23 0.829

24 0.820

25 0.829

26 0.857

Withdrawal 11 0.803
27 0.780

28 0.866

29 0.856

30 0.881

31 0.841

Tolerance 1 0.843
2 0.885

3 0.919

Social Impact 12 0.892
13 0.860

17 0.899

18 0.860

19 0.824

Consistent desire to quit/reduce use 6 0.833
7 0.815

8 0.898

Note. Factor loadings are standardized



Table 12. Item Analysis
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Difficulty
Sample.SD Item.total Item.Tot.woi (Mean) Discrimination  Item.Reliab  Item.Rel.woi
NAP 1 1.08 0.67 0.63 3.72 0.67 0.72 0.68
NAP 2 1.04 0.70 0.66 3.84 0.70 0.72 0.69
NAP 3 1.06 0.72 0.69 3.81 0.72 0.77 0.74
NAP 6 1.13 0.46 0.40 3.15 0.46 0.52 0.46
NAP 7 1.10 0.44 0.39 3.11 0.44 0.48 0.43
NAP 8§ 1.20 0.50 0.44 3.33 0.50 0.60 0.53
NAP 11 1.08 0.76 0.73 4.08 0.76 0.82 0.79
NAP 12 1.08 0.80 0.78 4.28 0.80 0.87 0.84
NAP 13 1.07 0.78 0.75 4.23 0.78 0.83 0.80
NAP 17 1.08 0.81 0.78 4.24 0.81 0.87 0.85
NAP 18 1.08 0.78 0.75 4.33 0.78 0.84 0.81
NAP 19 1.12 0.75 0.72 4.14 0.75 0.84 0.81
NAP 21 1.31 0.61 0.56 3.72 0.61 0.80 0.73
NAP 22 1.17 0.70 0.67 3.70 0.70 0.82 0.78
NAP 23 1.04 0.78 0.75 4.16 0.78 0.81 0.79
NAP 24 1.09 0.77 0.74 3.95 0.77 0.84 0.81
NAP 25 1.10 0.78 0.75 3.88 0.78 0.86 0.83
NAP 26 1.07 0.80 0.78 3.96 0.80 0.86 0.83
NAP 27 1.14 0.73 0.70 3.97 0.73 0.84 0.80
NAP 28 1.02 0.80 0.78 4.12 0.80 0.82 0.80
NAP 29 1.05 0.79 0.77 4.07 0.79 0.84 0.81
NAP 30 1.06 0.82 0.80 4.02 0.82 0.87 0.85
NAP 31 1.08 0.79 0.76 4.05 0.79 0.85 0.82

Note. Mean inter-item-correlation = 0.480



Table 13. Scale Reliability Estimates
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Continued Withdrawal Tolerance Social Consistent Full
use despite impact  desire to Scale
negative quit/reduce
consequences use

Macdonald’s .8976 9337 9133 9378 .8879 9581

omega

coefficient

(w)




Table 14. Correlation Table
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Variable 1 2 3 4 5 6
1. NAP -

2. Harm to health 2893 %* -

3. Harm to others’ o s

health .2085 .5862 -

4. Comparative harm 1479* 4029** [ 3732%* -

5. Likelihood of % sk sk
becoming addicted 0994 3172 1838 -.0564 -
6. FTND 0372 -0348  -.0312 -.1679* .3316%* -

7. NDSS .0807 -.0220 1720 -0914  .1862*  .0019

Note. NAP = Nicotine Addiction Perceptions; FTND: Fagerstrom Test of Nicotine
Dependence; NDSS = Nicotine Dependence Syndrome Scale
*p <.05. **p <.001



Table 15. Logistic Regression Results
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Six-month Quit Thirty da.y Quit Tr}ed Quitting
. . Intentions in Past 12
Variable Intentions
(n = 268) (n =268) Months
(n=270)
Odds Ratio (95% CI)
Predictors

Current cigarette user

Uses e-liquid that
contains nicotine
Comparative harm

Nicotine Addiction
Perceptions (NAP)
Nicotine Dependence
(NDSS)
Reason for using e-
cigarettes (ref: enjoyment)
To quit smoking
To cut down on
smoking
To use when cannot
or are not allowed
to smoke
Curiosity

Some other reason

Mental Health Status
Age
Gender (ref: male)

Annual Income (ref <
$25,000)
$25,001- $50,000
$50,001- $75,000
$75,001- $100,000
$100,000 +
Race/Ethnicity (ref:
non-Hispanic White)
African-

American/Black
Hispanic/LatinX

0.83 (0.45, 1.55)
1.90 (0.84, 4.29)

1.47 (1.05, 2.06)
1.03 (1.01, 1.04)

1.00 (0.93, 1.08)
1.00

2.10(0.98, 4.49)
2.08 (0.97,4.48)

1.45(0.49,4.31)

2.05(0.48, 8.74)

1.27 (0.95, 1.70)

1.00 (0.97, 1.03)

0.60 (0.33, 1.08)
1.00

1.29 (0.49, 3.44)

3.08 (1.06, 8.98)

2.04 (0.65, 6.43)

1.96 (0.68, 5.64)
1.00

2.15 (1.01, 4.58)

1.07 (0.44, 2.59)

0.78 (0.30, 2.04)
1.78 (0.51, 6.21)

1.89 (1.16, 3.08)
1.02 (0.99, 1.04)

1.05 (0.94, 1.17)
1.00

2.23(0.68,7.31)

3.70 (1.16,
11.75)
3.22 (0.68,
15.13)

25.09 (3.57,
176.30)

1.07 (0.70, 1.63)

0.96 (0.92, 1.00)

1.19 (0.50, 2.82)
1.00

0.97 (0.27, 3.48)

0.19 (0.03, 1.18)

0.80 (0.15, 4.18)

0.70 (0.16, 3.10)
1.00

1.74 (0.60, 5.10)

0.84 (0.23, 3.04)

0.75 (0.41, 1.37)
1.55 (0.73, 3.30)

1.57 (1.12, 2.20)
0.99 (0.98, 1.01)

1.02 (0.95, 1.10)
1.00

0.90 (0.43, 1.88)
1.63 (0.77, 3.44)

3.19 (1.11, 9.18)

0.51 (0.12, 2.23)

2.32(0.13,
42.58)
1.20 (0.90, 1.59)

0.98 (0.95, 1.00)
0.97 (0.55, 1.71)
1.00

1.02 (0.40, 2.62)

1.63 (0.57, 4.63)

1.41 (0.47, 4.25)

1.09 (0.38, 3.11)
1.00

1.10(0.53,2.29)

3.62 (1.49, 8.77)



Other

Education (ref: <
bachelor’s degree)
High school or less
Some college
Graduate level
degree
Constant

2.37 (0.88, 6.35)
1.00

2.27 (0.86, 5.99)
1.04 (0.52, 2.09)
2.91 (0.89, 9.52)

<0.01 (<0.01,
0.06)

0.10 (0.01, 1.19)
1.00

0.64 (0.15, 2.83)
0.92 (0.30, 2.76)
0.18 (0.01, 2.44)

0.01 (<0.01,
0.39)

82

0.94 (0.35, 2.48)
1.00

0.76 (0.29, 2.00)
0.54 (0.28, 1.08)
2.00 (0.62, 6.51)

0.51 (0.05, 5.58)

Note. All variables are controlled for in overall model; CI = confidence interval; NDSS =
Nicotine Dependence Syndrome Scale; Bolded values are significant at p <.05.
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Table 16. Negative Binomial Regression Results

Number of Quit Attempts Over
Variable Past 12 Months
(n =270)

Incident Rate Ratio (95% CI)

Predictors

Current cigarette user

Uses e-liquid that contains nicotine
Comparative harm

Nicotine Addiction Perceptions (NAP)
Nicotine Dependence (NDSS)

Reason for using e-cigarettes (ref: enjoyment)

To quit smoking
To cut down on smoking

To use when cannot or are not allowed to

smoke
Curiosity

Some other reason
Mental Health Status
Age
Gender (ref: male)
Annual Income (ref < $25,000)
$25,001- $50,000
$50,001- $75,000
$75,001- $100,000
$100,000 +
Race/Ethnicity (ref: non-Hispanic White)
African-American/Black
Hispanic/LatinX
Other
Education (ref: < bachelor’s degree)
High school or less
Some college
Graduate level degree
Constant

1.00 (0.66, 1.52)
0.82 (0.48, 1.38)
1.62 (1.28, 2.05)
0.99 (0.98, 1.00)
1.08 (1.03, 1.14)
1.00
2.00 (1.17, 3.40)
1.15 (0.67, 1.97)
1.75 (0.83, 3.68)

1.04 (0.39, 2.72)
<0.01 (0, <0.01)
1.24 (1.01, 1.53)
0.98 (0.96, 1.00)
0.76 (0.51, 1.14)
1.00
1.08 (0.50, 2.12)
1.17 (0.54,2.51)
1.40 (0.63, 3.11)
1.30 (0.62, 2.73)
1.00
1.40 (0.82, 2.39)
1.58 (0.88, 2.85)
0.86 (0.43, 1.73)
1.00
0.98 (0.48, 2.00)
0.72 (0.43, 1.20)
1.87 (0.87, 4.01)
0.46 (0.08, 2.76)

Note. All variables are controlled for in overall model; CI = confidence interval; NDSS =
Nicotine Dependence Syndrome Scale; Bolded values are significant at p <.05.



Table 17. Linear Regression Results
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Time to First E-

. cigarette After  Daily E- Monthly E-
Variable . cigarette Use cigarette Use
Waking (n = 269) (n = 270)
(n =270)
Unstandardized b (95% CI)
Predictors

Current cigarette user

Uses e-liquid that
contains nicotine
Comparative harm

Nicotine Addiction
Perceptions (NAP)
Nicotine Dependence
(NDSS)
Reason for using e-
cigarettes (ref: enjoyment)
To quit smoking

To cut down on
smoking
To use when cannot
or are not allowed
to smoke
Curiosity
Some other reason
Mental Health Status
Age
Gender (ref: male)
Annual Income (ref <
$25,000)
$25,001- $50,000
$50,001- $75,000

$75,001- $100,000

0.08 (-0.18, 0.33)
-0.49 (-0.81, -
0.17)

0.09 (-0.06, 0.23)
<0.01 (-0.00,
0.01)

-0.03 (-0.06,
<0.01)

1.00
-0.67 (-0.98, -
0.35)

-0.29 (-0.61, 0.03)

-0.33 (-0.79, 0.13)

-0.52 (-1.16, 0.12)
-0.70 (-2.05, 0.64)
-0.07 (-0.19, 0.05)
0.00 (-0.01, 0.01)
-0.08 (-0.32, 0.16)
1.00
0.06 (-0.34, 0.46)
0.23 (-0.22, 0.67)

0.24 (-0.23, 0.72)

20.05 (-0.25,
0.15)
0.24 (-0.01,
0.49)
-0.10 (-0.21,
0.01)

<0.01 (-0.00,

0.01)
-0.01 (-0.03,
0.02)
1.00

0.28 (0.03, 0.52)

-0.03 (-0.27,
0.22)
0.06 (-0.30,
0.41)

0.17 (-0.34,
0.69)
0.76 (-0.27,
1.79)
0.04 (-0.06,
0.13)
-0.00 (-0.01,
0.01)
0.16 (-0.03,
0.34)
1.00

-0.04 (-0.35,
0.26)
0.03 (-0.31,
0.37)
-0.24 (-0.60,
0.13)

0.01 (-0.17,
0.18)
0.50 (0.28, 0.72)

-0.15 (-0.25, -
0.05)
<0.01 (<0.01,
0.01)
-0.01 (-0.03,
0.01)
1.00

0.25 (0.03, 0.46)

0.09 (-0.13,
0.31)
0.08 (-0.23,
0.40)

0.11 (-0.33,
0.55)
0.68 (-0.24,
1.60)
-0.09 (-0.18, -
0.01)
-0.01 (-0.01,
<0.01)
-0.06 (-0.22,
0.11)
1.00

-0.09 (-0.36,
0.18)
0.03 (-0.27,
0.34)
-0.19 (-0.52,
0.13)



$100,000 +

Race/Ethnicity (ref:
non-Hispanic White)

African-
American/Black

Hispanic/LatinX

Other
Education (ref: <
bachelor’s degree)
High school or less
Some college
Graduate level

degree
Constant

0.22 (-0.22, 0.66)
1.00

0.42 (0.10, 0.74)

0.24 (-0.13, 0.61)

-0.00 (-0.44, 0.43)
1.00

-0.57 (-0.99, -

0.16)

-0.38 (-0.67, -
0.09)

-0.35 (-0.85, 0.16)

3.08 (2.05, 4.10)

-0.06 (-0.39,
0.28)
1.00

-0.45 (-0.69, -
0.21)
-0.28 (-0.57,
0.00)
0.02 (-0.32,
0.35)
1.00

0.55 (0.23, 0.86)

0.27 (0.04, 0.49)

0.16 (-0.23,
0.55)

1.61 (0.83, 2.40)
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0.21 (-0.51,
0.09)
1.00

-0.51 (-0.72, -
0.29)
-0.34 (-0.59, -
0.08)
0.12 (-0.18,
0.41)
1.00

0.26 (-0.02,
0.54)

0.28 (0.08, 0.48)

0.26 (-0.08,
0.61)

2.42 (1.72, 3.13)

Note. All variables are controlled for in overall model; CI = confidence interval; NDSS =
Nicotine Dependence Syndrome Scale; Bolded values are significant at p <.05.





