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Abstract

Background: Filtered cigarettes and vaped nicotine and cannabis negatively affect health and create nonbiodegradable, toxic
waste from tobacco, e-cigarette, and cannabis waste (TECW). Creating awareness and action to address this public health issue
requires expanded knowledge and understanding of TECW harms and more engagement with regulatory policiesto reduce tobacco
and cannabis use. Thisisthefirst study testing an intervention to modify TECW knowledge, perceptions, and behavior, including
use of an innovative digital TECW tracking tool.

Objective: This study tests the efficacy of an intervention to modify TECW knowledge, harm perceptions, attitudes, and
behaviors regarding smoke- and vape-free university campus policies among young adults. We aim to devel op an evidence-based
educational intervention for use in community programs to address TECW.

Methods: A 6-week randomized controlled trial was conducted at 2 sites representing the 2 public university systemsin California
from March 2023 to June 2025 with 406 students (aged 18-25 years) and compared brief tobacco, e-cigarette, and cannabis waste
education (TECW Ed) plus tobacco, e-cigarette, and cannabis waste education plus motivational and behavioral support (TECW
Ed+) with brief education only about TECW (TECW Ed). Participants were randomized 1:1 to each treatment group, stratified
by site and tobacco or cannabis use status. Outcome measures include changes in knowledge, harm perceptions, regulatory
attitudes, and behaviors regarding TECW, and engagement with smoke- and vape-free policies. Planned statistical analyses
include models to assess knowledge, perceptions, and attitudes at weeks 2, 6, and 26 versus group, time, and a group x time
interaction, controlling for site, tobacco or cannabis use status, demographics, and baselinelevel of outcomes. In addition, TECW
Ed+ versus TECW Ed group comparison on mean number of Tracker reports between baseline and 6 weeks, and group comparison
on mean engagement score at 6 weeks, will be conducted.

Results. Datawere collected from March 2023 to June 2025. Data analysisis expected to begin in late 2025, with final results
anticipated for publication in summer 2026. Results will determine if brief educational videos accompanied by enhanced
motivational and behavioral support increase knowledge of TECW'senvironmental impact and change perceptions about cigarettes
and vape products. We will determine whether such enhanced education increases engagement in smoke- and vape-freeregul atory
acceptance and improves outcomes of regulatory policies. Thistrial will bethefirst to test an intervention to modify tobacco and
cannabis waste perceptions and behavior.

Conclusions; This trial aims to determine whether additional motivational and behavioral support will change young-adult
college students' current knowledge of TECW and whether such support will motivate them to engage with regulatory policies
to reduce TECW. If successful, scaling up this intervention may mobilize alarge population of young adults to understand and
advocate for policies that protect individual and environmental health.

Trial Registration: ClinicalTrials.gov NCT05751369; https://clinicaltrials.gov/study/NCT05751369

International Registered Report Identifier (IRRID): DERR1-10.2196/79525
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Introduction

Background and Rationale

The global toxic, nonbiodegradable environmental waste from
tobacco, e-cigarette, and cannabis waste (TECW) productsisa
pressing public health issue[1-4]. Upstream policy approaches
[5] to addressthisincreasingly recognized waste problem [6-11],
such as banning sales of filtered cigarettes [12] and naming
them as single-use plastics that may be addressed in a proposed
international plastic treaty [13], are important for both
environmental and human health reasons [14]. Awareness of
the environmental impacts of e-cigarette [1,2,15-19] and
cannabis vape products is also growing [2,19-22]. According
to the Environmental Protection Agency (EPA), vape products
cannot be safely discarded in household trash or recycled; they
meet the definition of “hazardous waste.” Many consumers are
unaware of thisdesignation, but the EPA has provided guidance
to separate batteries from other vape product components that
are to be disposed of as municipa hazardous waste [23].
Furthermore, single-use or “disposable”’ vape products are not
designed to be safely disassembled [24].

Disposabl e nicotine vape products are the most commonly sold
[25] and used products in the United States [26], creating a
growing environmental challenge [24]. In addition to fires
caused by improper disposal of thelithium-ion batteriesin vape
products, the high-carbon impacts of vape product
manufacturing are of concern[27]. The mgjority of young adults
who use disposabl e nicotine vape products report throwing them
in the trash when empty [24]. This provides an estimated 150
million disposable vapes (with potentially recoverable lithium)
deposited annualy in US landfills [27]. Nearly a quarter of
young adults who use vape products report saving the empty
products, which also presents a safety issue [24]. There have
been no studies to our knowledge on disposal methods for
cannabis vape products.

Cultivating public and political support for legislative and
regulatory interventions for TECW requires increasing
knowledge and modifying perceptions of TECW, and increasing
public engagement with policiesthat can reduce use of tobacco
and cannabis products [28]. Research is required on how to
influence behaviors that support TECW regulatory policies. To
date, there have been 2 observational studies on cigarette butt
waste, which both showed that education promotes positive
attitudes and behaviors regarding TECW regulations [28,29].
There has not yet been specific research conducted on
interventions to increase knowledge, perceptions, and policy
engagement on e-cigarette or cannabis product waste. A
randomized controlled trial will provide important evidence on
the efficacy of such interventions to address TECW, especially
among young persons who generally are more engaged on
environmental issues.

https://www.researchprotocol s.org/2025/1/€79525

Study Objectives

This study tests the administration of tobacco, e-cigarette, and
cannabis waste education plus motivational and behavioral
support (TECW Ed+) versustobacco, e-cigarette, and cannabis
waste education (TECW Ed) only on TECW among
college-attending young adults (aged 18-25 years) to increase
their engagement on TECW policy implementation. Brief
education is standard of care in university settings, and given
our finding that awareness of a technological resource is not
sufficient for many peopleto useit [30], we sought to determine
whether the addition of motivational enhancement and
behavioral support to education would €elicit action.

Outcomes include change in TECW knowledge, harm
perceptions, attitudes toward regulation, and smoke- and
vape-free regulatory policy engagement. Our overall goal isto
identify an evidence-based educational intervention to address
TECW, based on environmental concerns [31].

Such interventions are particularly relevant among young
people, who arethe critical stakeholdersin planetary stewardship
[32]. Studentsin Californiapublic universities are animportant
congtituency for tobacco-related research given that the
23-indtitution California State University system and the
10-ingtitution University of California system have 100%
smoke- and vape-free campus policies, albeit with persistent
policy violations [33]. Compliance issues at California public
universities and colleges are emblematic of a broader smoke-
and vape-free policy compliance problem at universities[34-36].

The specific study aims are to: first, assess knowledge and
perceptions about TECW among participants randomized to
the TECW Ed+ group compared to those randomized to the
education-only control group (TECW Ed). It is hypothesized
that at week 6, the TECW Ed+ group will demonstrate a
significant increase in knowledge about TECW, perceived
harmfulness of TECW, and the attitude that TEC manufacturers
should be accountable for waste mitigation, and that the TECW
Ed group will be noninferior to the TECW Ed+ group in these
outcomes. Second, assess TECW-related behaviors among
college students randomized to the TECW Ed+ group compared
to those in the comparison group. It ishypothesized that at week
6, the TECW Ed+ group compared to the TECW Ed group will
display greater usage of a campus-based TECW Tracker to
report TECW on campusand stronger engagement in supporting
smoke- and vape-free regulatory efforts. Third, document
changes in campus TECW to understand the environmental
impact of a TECW intervention. TECW on campus will be
measured each week using 3 sources. Tracker-based participant
reports, Tracker-based nonparticipant reports (eg, other members
of the campus community), and repetitive objective
environmental scans by the site team.
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Overview and Trial Design

This is a parallel randomized controlled trial at 2 Caifornia
universities (1 University of Californiaand 1 Cdifornia State
University) in which a digital TECW Tracker was previously
deployed for reporting locations of smoking, vaping, and related
waste on campus[30,37]. We enrolled 406 young adult students
in a6-week trial and randomly assigned them 1:1, stratified by
site and tobacco or cannabis use status, to usual education only
about TECW (TECW Ed) or to receiving the same education
about TECW plus motivational enhancement and behavioral
support for reporting TECW (TECW Ed+). Changes in
individual-level and environmental outcomes are evaluated
through repeated assessments at baseline, week 2, week 6, and
week 26. Check-in text messages only are provided at weeks 1
and 4.

The guiding framework for this study issocia cognitive theory
[38,39]. in which behavior is conceptualized as the product of
individual-level attitudes and perceptions and social structures
that facilitate behavior change. In this study, we use motivational
enhancement [40-47], goal setting [48-54], and problem-solving
applications[55-60] asdeveloped in our previoustrial [61]. Our
intervention was designed to address both individual-level
attitudes and perceptions and socia-level factors through the
application of mativational enhancement, whichisbuilt around
4 main processes, carried out in aspirit of collaboration, respect,
and support for the participant’s autonomy [54]. The first
process, engaging, reflects fundamental communication
principles and highlights the importance of empathy in
establishing trust and rapport. The second process, focusing,
involves working with participants to identify and agree on a
topic for exploration. The third process, evoking motivation, is
directed at drawing out and reinforcing participants’ own
internal motivations for change. The fourth process, planning,
guides participants in developing and implementing concrete
steps toward their goals. The intervention protocol, in which
motivational enhancement, goal setting, and problem solving

Figurel. Visit flow.
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Study Setting

The study is conducted in San Diego, California, United States
(Site1), and Davis, California, United States (Site 2). A project
coordinator at Site 1 is responsible for participant recruitment
and enrollment at both campuses and supervises Site 1-based
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were used to evoke changes in individual- and social-level
factors per social cognitive theory, was adapted from one target
behavior [61] to another (using TECW Tracker).

Methods

Ethical Consider ations

The study was reviewed and approved by the Institutional
Review Board at Site 1 (#1896205-1) on April 12, 2022. The
study was reviewed and approved as exempt by the I nstitutional
Review Board at Site 2 (#1952501-1) on September 2, 2022.
Enrollment began on March 1, 2023, and concluded on October
15, 2024.

The informed consent form is delivered to participants by an
emailed link in Research Electronic Data Capture (REDCap;
Vanderbilt University), aong with a link to schedule their
baseline visit. The consent form asked, “Would you like to
proceed with this study?’ using a forced-choice question with
two options: | do not wish to proceed with this study or | wish
to proceed with this study. Written consent is provided through
atyped name with acknowledgment of being aged 18 years or
older, of having read and understood the study description, and
that they may withdraw at any time. REDCap records the date
of consent form completion.

At the beginning of the baseline visit, adescription of the study,
requirements, and compensation is reviewed; there is an
opportunity to ask questions, and participants are asked whether
they wish to proceed with the study. Any participants who have
not completed the consent form prior to the visit are provided
as much time as they need to read the form in a breakout room
at the beginning of the visit.

Participantsreceive up to US $110 for participating in the study:
US $25 for attending the baseline, week 2, and week 6 visits,
and US $35 for the month 6 visit (Figure 1).

US 835

US $25

Month 6

Follcwy

Primary Outcome

—~
-

(TECW Tracker LinD

research assistants. The intervention and assessments are
delivered remotely by research assistants at Site 1 to participants
at both sites. Participant education and TECW Ed+ group
interaction occur over Zoom (Zoom Video Communications,
Inc) as a one-to-one session with a research assistant. This
method aligns with new norms for synchronous remote
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participation in university settings. Participants are provided
links to surveys and forms in the Zoom chat and are placed in
a breakout room to complete them. They are instructed to use
the “ask for help” function or rejoin the main Zoom room with
guestions about the survey. The project coordinator reviews
Tracker data and supervises staff at each site who conduct
environmental scans and document TECW identified through
the Tracker at both campuses.

Eligibility Criteria

Inclusion Criteria

Study eligibility requirements include being a current student
on the main campus of Site 1 or 2, attending class on the main
campus at least once per week, having at least 6 months
remaining until graduation, being aged between 18 and 25 years,
English fluency, having a smart phone with location services

enabled for apps, having regular access to a computer or tablet
with sufficient Wi-Fi and a private space in which to complete

Figure 2. Intervention and assessment schedule.
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remote study visits, and willingness to have the camera turned
on during remote study visits.

Exclusion Criteria
The only exclusion criterion is prior study participation.

I ntervention Description

Overview

Both groups receive education about TECW at baseline and
week 2 visits by viewing videos and receiving a link to the
TECW Tracker at baseline and week 2. The intervention group
receives education plus motivational enhancement and
behavioral support for using the TECW Tracker. Both groups
receive a check-in text at week 1 and week 4 containing a brief
assessment and a reminder for their next study visit. The
intervention group’s text includes feedback about the positive
environmental impact of making TECW reports and offers
assistance with the Tracker if no reports had been made (Figure
2).

Assessment

TECW Education ‘

TECW Videos

TECW Videos
TECW Tracker Link

TECW Knowledge
TECW Perceptions

Regulatory Attitudes

TECW Tracker Link

Video Discussion
Tracker Training
Motivational Enhancement
Action Planning
Feedback about Impact

Behaviors
Tracker Use
Regulatory Readiness
Spillover Behaviors

Baseline Week 1 Week 2 Week 4 Week 6 Week 26
Education Only O O - oo - O O
W OO O = GO0 = &
IB = Intervention Booster
Primary Outcome
. litter, (2) smoking or vaping, and (3) “looks good—no smokin
Education 2 g or vaping, and (3) g g

Baseline education includes an overview of waste produced by
vaping products used for tobacco and cannabis, their impact on
the environment, and the role of tobacco and cannabis product
manufacturers in TECW mitigation. This material is provided
by a brief video from the California Youth Advocacy Network
[62]. Week 2 education includes an overview of waste produced
by cigarette smoking and the environmental impact of discarded
butts. Tobacco Free CA provides brief videos [63,64]. The
TECW Tracker is provided as atool to identify TECW on the
campus grounds; thisthen prompts TECW removal by research
staff. Theweb link and QR code for the TECW Tracker app are
provided, and participants are instructed to enter their study ID
numbers when making a report.

The TECW Tracker isadigital tool that has been available since
2019 at Sites 1 and 2 to report smoking, vaping, and related
waste on Site 1 and 2 campuses [30,37]. Tobacco Tracker
provides three types of reports: (1) smoking- or vaping-related

https://www.researchprotocol s.org/2025/1/€79525
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or vaping or related litter.” Reports of litter from smoking or
vaping alow identification of the source as cigarette butt,
cigarette packaging, e-cigarette material (ie, pod, hardware),
marijuana packaging, or other (select all that apply). Images of
these litter types are included. Reports of smoking or vaping
allow identification of the source as cigarette, e-cigarette or
JUUL, marijuana (including blunts), do not know, or other;
images of these products are embedded within the app. Reports
of “looks good—no smoking or vaping or related litter” provide
away to monitor Tracker usage independent of problems and
the capacity to measure improvement over time.

Mitigation of TECW

The project manager createsweekly mitigation assignmentsfor
site staff at each campus to address reports. Site staff conduct
a 30-minute environmental scan of thelocation, collect TECW
while wearing protective equipment, classify and document
each piece of waste, and dispose of it properly. Each week, a
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randomly selected campus location is scanned for 60 minutes,
and TECW is mitigated by site staff as described above.

Motivational Enhancement and Behavioral Support

Each study visit in which education is provided (baseline and
week 2) contains additional motivational enhancement or
behavioral support for the TECW Ed+ group. Each text message

Pulverset al

(week 1 and week 4) provides a brief assessment and reminder
of the next study visit as well as additional motivational
enhancement and behavioral support for the TECW Ed+ group.
The week 6 visit provides another motivational booster to the
TECW Ed+ group. Table 1 presents the components and timing
of the motivational enhancement and behavioral support.

Table 1. Timing of motivational enhancement and behavioral support components.

Component Baseline Week 1 Week 2 Week 4 Week 6
Discuss video takeaways O ad

Discuss values and connect to Tracker O

Ingtruction in using TECW? Tracker 0 As-needed”

Offer assistance with using Tracker As-needed? As-needed?

Moativation and confidence for using Tracker

Action planning for using Tracker O d

Summary of Tracker reports and why reporting is useful ad ad O O

3TECW: tobacco, e-cigarette, and cannabis waste.
bProvided to those who have not made Tracker reports.

Outcome M easurements

TECW Knowledge

Five items assess knowledge of nicotine and cannabis
vape-related waste disposal methods (eg, Nicotine pods should
be disposed as A. recyclable waste, B. hazardous waste
[*correct], C. in normal trash, or D. in other ways) [65,66]. Six
items assess knowledge of cigarette waste (eg, What isthemain
component of commercially sold cigarettes? A. cotton, B. paper,
C. plastic [*correct], D. cork, or E. other [14]. Two genera
guestions assessed biodegradability and recommended actions
for dealing with TECW. A percent correct scoreisyielded for
knowledge of vape-related and cigarette waste aligning with
educational content at the baseline and week 2 visits,
respectively.

TECW Perceptions

Six items assess agreement with various statements about
cigarette and electronic devices used to vape nicotine and
cannabis and their environmental impact including
biodegradability; harm to the environment, animals, and sea
life; and danger if thrown in trash [67,68], on a 5-point scale
(strongly disagreeto strongly agree). Participants are al so asked
how often they have noticed TECW in the past 30 days, which
product type, and whether occurrences were on or off campus.

Regulatory Attitudes

Two items assess regulatory attitudes, including statements
about whether various products (eg, cigarettefilters, disposable
products for vaping, pods or cartridges) should be included in
bans of single-use plastic products. Response options range on
a5-point scalefrom strongly disagreeto strongly agree. Tobacco
manufacturer responsibility is assessed with items: How much
responsibility do you think each of the following groups has
for creating the problem of cigarette buitt litter and should have

https://www.researchprotocol s.org/2025/1/€79525

for fixing the problem of cigarette butt litter? Groups include
smokers, cigarette companies, city councils, and the government.
Response optionsinclude noneat al, alittle, amoderate amount,
and a great deal [67]. These same items are used to assess
manufacturer responsibility for products used to vape nicotine
and cannabis. Whileit may beimpossibleto distinguish whether
vaping-related waste is from tobacco or cannabis, these items
are assessed separately for tobacco and cannabis given different
regulatory processes.

TECW Tracker Use

Awareness of atool to report TECW on campus and use of the
tool is assessed with yes or no questions [30]. Participant
Tracker use is also measured objectively based on participant
ID-inked TECW Tracker usage data.

Engagement in Smoke- and Vape-Free Regulatory
Behavior

Engagement in smoke- and vape-free regulatory behavior is
assessed with participant behaviors: (1) inform someone
smoking or vaping on campus about the environmental impact
of TECW, (2) inform someone smoking or vaping on campus
about our smoke- and vape-free palicy, (3) inform someone
smoking or vaping on campus about how to properly dispose
of TECW, (4) inform someone smoking or vaping on campus
about a resource to quit smoking or vaping, (5) report TECW
on campus, (6) report smoking or vaping on campus, and (7)
volunteer (provide education, outreach, or clean-up) for campus
smoke- and vape-free campus initiatives [30]. These items are
rated from 1 (never expect to) to 5 (have already been doing)
based on the transtheoretical model of behavior change [69].

Secondary Behaviors

To understand any broader impact of the intervention, related
behaviors such as off-campus TECW advocacy are assessed;
additionally, among tobacco users, proper disposal of e-waste
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and cessation are evaluated as secondary outcomes. The
engagement in smoke- and vape-free regulatory behaviors is
modified to “off campus’ to assess this, and items about usual
methods of TECW disposal and past 30-day quit attempts are
assessed.

Environmental | mpact of TECW Campus | ntervention

Counts of TECW by product type as well as “looks good”
reports aretabulated for each campuslocation on aweekly basis
from the Esri ArcGlS-based TECW Tracker reports from
participants and nonparticipants (eg, general campus
community) through TECW Tracker. Counts of TECW by
product type are also tabulated from objective environmental
scans conducted by site staff.

Asasecondary outcome, we assess the link between awareness
of campus TECW mitigation and behavioral outcomes. Two
itemsto assess thisinclude: “How aware were you of how your
Tracker reports were addressed?’ (Response options include
not at al, a little, moderately, and very aware), and “How
satisfied were you with campus actions taken in addressing
TECW?" (Response options range from very dissatisfied to
very satisfied). An open-ended prompt follows for those who
report dissatisfaction.

Attributions of I ntervention Components

Following the week 6 survey, those in the TECW Ed+ group
are administered another survey assessing their attributions of
two intervention components: (1) talking with the study team
and (2) receiving feedback about actions taken from TECW
reports. They rate their agreement with the following three
guestions on a 5-point scale, ranging from strongly disagreeto
strongly agree: [Intervention Component]: (1) taught me new
information about TECW, (2) increased my desire to do
something to reduce TECW, and (3) increased my desire to
report TECW.

Assessment Schedule

Knowledge, perceptions, and regulatory attitudes for
vape-related waste are tested before and after receiving
education at the baseline visit. Knowledge, perceptions, and
regulatory attitudes for cigarette waste are tested before and
after receiving education at the week 2 visit. Knowledge,
perceptions, and regulatory attitudesfor vape-related waste and
cigarette waste are retested at the week 6 and week 26 visits
(Figure 2).

Study Timeline

Enrollment is conducted from the second week of each semester
or quarter until 6 weeks before final examinations week.
Enrollment begins the second week of the semester to assure
that past 7-day questions refer to a time of typical campus
activity. When thereisacampus break of 2 weekdaysor longer,
study visits are delayed by a week to adjust the past 7-day
guestion time period for typical campus activity. The stop date
each semester or quarter assures that the 6-week intervention
isdelivered while participants are till attending class on campus
at least once per week.

https://www.researchprotocol s.org/2025/1/€79525
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Sample Size

Aninitial sample size of 400 total (100 per group per campus)
will detect a 15-16 percentage point difference in proportions
with 80% power at the 0.05 level (2-sided), assuming a sample
size of 380 at 6 weeks (95% retention) and 340 at 26 weeks
(85% retention). This effect size is expected based on previous
research on attitudes and behaviors[67]. This sample size a'so
provides more than 95% power to detect noninferiority within
a0.5 SD margin at the 0.025 level (1-sided) or adifferencein
meansof 0.5 SD at the 0.05 level (2-sided); 0.5 SD isconsidered
a minimally important difference in health-related quality of
life outcomes [70] and corresponds to 0.5 point difference on
a 5-point scale with an SD of 1 point.

Recruitment

Participants are recruited from each site using campus
announcements, flyers, tabling, and word of mouth through
campus partners.

Assignment of Interventions: Allocation

After completing the baseline survey, participants at each site
are randomized 1:1 to the two groups (TECW Ed or TECW
Ed+) in blocks stratified by tobacco or cannabis user status (any
use in the past 30 days: yes or no) by the project coordinator
using REDCap, based on randomization tables created by the
study statistician with computer-generated random numbers.

Assignment of Interventions: Blinding

Research assistants are aware of group assignments and deliver
the designated intervention. Participants are not told their group
gnment. Research assistants are unaware of study hypotheses
and do not see participants' before and after survey responses.
Research assistants are aware of the number of Tracker reports
and their nature because providing feedback to the TECW Ed+
group is acomponent of the intervention.

Data Collection and M anagement

At the baseline and week 2 visits, a presurvey is administered
before education and a postsurvey is administered after
education (plus motivational enhancement for the intervention
group). Assessment windows are +3 days for the week 1
check-in, £1 week for the week 2 visit and week 4 check-in, +4
weeks for the week 6 visit, and £6 weeks for the week 26 visit.

Contact Attempts

We are using our proven methods for achieving over 80%
retention up to 6 months, including multiple contact methods
(ie, text, phone calls, emails), identifying multiple alternative
contact people, and sending a digital greeting 2 months before
the week 26 visit [71-74]. Up to 6 contact attempts, of
alternating forms, are made. Contacting alternative contact
peopleisthe last effort to reach an unreachable participant.

Data Management

Participant dataare coll ected and managed using REDCap tools
that are hosted through Site 2. REDCap is a Health Insurance
Portability and Accountability Act (HIPAA)—compliant,
web-based application that supports data capture for research
studies. All data collected are anonymous through assignment
of participant ID numbers and password protected. REDCap
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data are stored securely on a server at Site 2. Environmental
scan data are entered into Excel (Microsoft Corporation) and
maintained on a shared drive.

Statistical M ethods

Primary Outcome

The primary outcomeis changein knowledge, perceptions, and
attitudes. The hypothesis that the TECW Ed+ group will
demonstrate a significant increase in TECW knowledge, harm
perceptions, and regulatory attitudes, and that the TECW Ed
group will be noninferior to the TECW Ed+ group in these
outcomes by a margin of half an SD, will be tested as follows.
Wewill compute mean scoresfor changein knowledge, change
in harm perception, and change in belief in each group aong
with 2-sided 95% Cls; a Cl entirely above O indicates a
statistically significant increase at the 5% level (2-sided). In
addition, for each of these measures, we will compute the
difference between the TECW Ed+ group and the TECW Ed
group mean scores, along with a 1-sided 97.5% Cl ; aCl entirely
below 0.5 SD indicates noninferiority of the TECW Ed group
within a 0.5 SD margin at the 0.025 level (1-sided). We will
also construct mixed-effects repeated measures model sto assess
knowledge, perceptions, and belief outcomes at weeks 2, 6, and
26 versusgroup, time, and agroup x timeinteraction, controlling
for site, tobacco or cannabis use status, demographics, and
baseline level of the outcome variable.

Secondary Outcomes

The secondary outcomes are behavior changes. The hypothesis
that the TECW Ed+ group, compared to the treatment-as-usual
TECW Ed group, will display greater usage of the TECW
Tracker and stronger engagement in supporting smoke- and
vape-free regulatory efforts will be tested as follows. We will
compare the TECW Ed+ group and the TECW Ed group with
respect to the mean number of Tracker reports between baseline
and 6 weeks using a generalized linear model with negative
binomial distribution and log link. Wewill comparethe 2 groups
with respect to mean engagement score at 6 weeks using a
2-sample t test. We will aso construct generalized linear
mixed-effects repeated measures model sto assess TECW-related
behavior outcomes at weeks 1, 2, 4, 6, and 26 versus group,
time, and agroup x timeinteraction, controlling for site, tobacco
or cannabis use status, demographics, and, for engagement,
baselinelevel of the outcome variable. Asan ancillary analysis,
we will assess the link between awareness of campus TECW
mitigation and behavioral outcomes among participants by
including awareness as a covariate in models of Tracker report
behavior. All randomized participants with week 6 datawill be
included in primary outcome analyses, and those who completed
week 6 and month 6 will beincluded in follow-up analyses.

As an ancillary outcome, we will evaluate spillover behaviors
such as off-campus TECW advocacy, and among tobacco users,
proper disposal of e-waste and reported tobacco cessation by
computing frequencies and percentages for each of these
behaviors overall and by site and group at 6 weeks and 26
weeks. Furthermore, to describe changesin campus TECW, we
will use generalized linear mixed models of the number of
TECW reports per month to estimate trends over time and
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association with environmental scans, overall and among study
participants, assuming autoregressive correlation from month
to month at each site and negative binomial distribution with
log link. Separate models will be created for different types of
TECW, and interactions between site and time will beincluded
to assess differencesin trends between sites.

Missing Data

Although our follow-up ratesin previous studies have typically
exceeded 80%, missing data will arise for avariety of reasons
(item nonresponse, etc). Prior to testing primary hypotheses,
we will conduct exploratory analyses to determine if baseline
characteristics predict patterns of missing data. Any significant
(P<.10) predictors of missing datawill beincluded as covariates
in models above and used with multiple imputation methods
[75,76] for evaluating model estimates.

Oversight and Monitoring

Auditing
Data quality is managed in real time using daily checklists and
verified for cond stency in documentation across vari ous Sources.

Protections Against Risk

The study is classified as exempt by the ingtitutional review
board due to low risk from an educationa intervention.
Nonethel ess, we saf eguard participant privacy by ensuring they
are in a private space during study visits, ensuring our study
space isaccessible only to human-subjects—certified study team
members, and maintaining confidentiality of participant records
through use of code numbers.

Debriefing
At the week 26 visit, participants are provided contact
information to receive results of the study when complete and

the website for the smoke- and vape-free initiative at each
campus, and the opportunity to ask questions.

Results

Data collection began in March 2023 and concluded in June
2025. Dataanalysisis expected to beginin late 2025, with final
results anticipated for publication in summer 2026.

Results will be shared with academic and scientific audiences,
and local, state, and national stakeholders through digital
communications, community events, presentations, and
publications. University audiences include academic units and
administrative divisions at the participating institutions and
broader university systems. Scientific outlets include
peer-reviewed journal articlesand conferencesin areas of higher
education and public health. Communications will be made
with local, state, and national agencies and organizations
conducting tobacco control work and environmental advocacy.

Discussion

Anticipated Principal Findings

The study uses a rigorous design to evaluate an educational
intervention that can improve knowledge, attitudes, and behavior
regarding tobacco and cannabis product waste. Thisimproved
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knowledge and belief system is expected to support the
implementation of tobacco- and vape-related environmental
regulatory policies. Such interventions may increase smoke-free
policy adherence and support efforts to enforce smoke- and
vape-free campus policies. Educational efforts using an
environmental lens, paired with a focus on industry
accountability, may aso support quitting efforts [77],
contributing to long-term efforts to reduce the health and
economic burdens of tobacco product use [78].

Universities are critical settings in which to prevent initiation
of vaping, as a greater number of college students than
noncollege students begin using e-cigarettesin young adulthood
[79]. There are an estimated 19.9 million college students in
the United States, providing an opportunity for a variety of
targeted interventions to address the current epidemic of
e-cigarette use. This investigation, involving a clinical trial of
an intervention aiming to change what young adult college
students know about TECW and how they can support policies
to reduce this environmental problem, may stimulate similar
research and policy implementation in other campus settings.

Limitations

There are severa limitations to note regarding this trial. First,
while the study involved asingle site in each public university
system in Cdlifornia, these 2 sites are not necessarily
representative of all public universities. Furthermore, state
universities are not representative of other educational settings
such as community colleges, private universities, and trade
schools. Second, young college-attending adults aged 18-25
years were the target population for this study, assuming their
more active interest in environmental protection [32]. However,
the results may not generalize outside this age or educational
group. Nevertheless, these young adults are more likely to
initi ate vaping then noncol lege-attending young adults[79] and
a need for improved smoke-free campus policy compliancein
these settings was identified in previous research [34-36].
Finally, given that this is a very closely controlled trial of an
educational intervention, it is uncertain if such an intervention
will be effective in a rea-time setting. The efficacy of the
intervention is established in the controlled research setting,
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then followed by wider implementation and evaluation in the
real world [31].

Comparison With Prior Work

This study expands on previous studies addressing the harms
of cigarette butt waste, to include nicotinee and
cannabis-vape—related waste. This study also uses a more
rigorous design than previous observational studies [28,29].
The common approach used by the previous observational
studies and our randomized trial was education to increase
knowledge about the environmental harm of tobacco product
waste. We extended this approach by using brief videos to
deliver additional messages on not only cigarette butt waste but
also including vape products for nicotine and cannabis. This
study isnovel intesting whether motivational enhancement and
behavioral support add valuein creating behavior change versus
using education only.

Directions for Future Research

A follow up, larger implementation study would be a valuable
next step to apply the intervention in various settings and
conditions. Additional efficacy studiesin different settings (eg,
community college) and policy conditions (eg, colleges with
designated smoking or vaping areas) would be beneficial. Our
behavioral measures, such as Tracker usage and change in
TECW disposal methods, will be central in planning future
studies.

Conclusions

Thistrial aimsto eval uate educational toolsto promote effective
smoke- and vape-free campus policies. It investigates whether
brief educational videos will increase knowledge of the
environmental impact of TECW and change harm perceptions
and attitudes toward regulatory policies on cigarettes and vape
products. We will aso learn whether education aone is
sufficient to increase engagement in smoke- and vape-free
regulatory policy support, or whether the addition of
motivational enhancement and behavioral support is necessary
to produce change. This study will be the first randomized
controlled trial modifying cigarette waste perceptions and
behaviors and is novel in its inclusion of nicotine- and
cannabis-vape—related waste educational interventions.
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