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Abstract

Background: The pervasive misperception that e-cigarettes are equally or more harmful than com-
bustible cigarettes is a barrier to current smokers switching to e-cigarettes. To tackle mispercep-
tions, public health bodies are using informational videos, although their efficacy is unknown.
Methods: In our online study, current UK smokers who do not vape (n = 382) were randomized
to view either: (1) a Cancer Research UK (CRUK) text-only video; (2) a video featuring leading
e-cigarette experts (expert); or (3) a no video control condition, and then completed questions re-
garding e-cigarette harm perceptions.

Results: Compared to the control condition, participants in the CRUK condition, and especially
those in the expert condition had more accurate harm perceptions of e-cigarettes and had more ac-
curate knowledge of e-cigarette constituents. In the expert condition, 67% of individuals reported
they would try an e-cigarette in a future quit attempt, compared with 51% in the CRUK condition
and 35% in the control condition.

Conclusions: Our findings are encouraging in the face of mounting evidence that e-cigarette
misperceptions are increasing. Whilst misperceptions are often characterized as resistant to cor-
rection, we find that carefully designed public health information videos have the potential to
promote a more accurate, informed view of e-cigarettes, and encourage intended e-cigarette use
among UK smokers. Importantly, we find this among current smokers who do not vape, a group
often reported as having the highest levels of misperceptions and as having the most to gain from
accurate e-cigarette perceptions.

Implications: There is mounting evidence that e-cigarette misperceptions are increasing, particu-
larly among smokers who do not vape, a group who have most to gain from accurate information
about e-cigarettes. Misperceptions are often characterized as difficult to change and there is rela-
tively little research on how to correct e-cigarette misperceptions. Our research in the UK shows
that, compared to controls, e-cigarette misperceptions can be corrected among those smokers
who are shown carefully constructed expert videos. This work has important implications for the
development and dissemination of these important messages.

Introduction

E-cigarettes represent an opportunity to stop tobacco use for many
smokers. They are estimated to carry less than 5% of the harm of
combustible cigarettes' and recent evidence shows that they can sup-
port people to stop smoking.? E-cigarettes, therefore, represent both

an effective smoking cessation technique and a significantly reduced
harm alternative to smoking.

Despite this, e-cigarettes are still met with widespread uncertainty
by smokers. A Public Health England report estimates that 40% of
smokers have never tried an e-cigarette, often due to misperceptions
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surrounding its safety.? Over time, these misperceptions appear to
be becoming more prominent. Between 2014 and 2019, the pro-
portion of English smokers who correctly believed e-cigarettes were
less harmful than cigarettes reduced from 45% to 34%.? This pat-
tern is mirrored in the US* and inaccurate harm perceptions are
most common among smokers who do not vape.? There is, there-
fore, an important public health need to challenge these widespread
misperceptions.

Care must be taken when designing and disseminating corrective
information. A meta-analysis of the misinformation literature finds
that corrective information is rarely fully effective and misinformation
often persists, even after debunking attempts.’ Indeed, misinforma-
tion still influences decisions after corrections are acknowledged, and
more concerningly, corrective information often backfires, accidently
reinforcing the misperceptions it is designed to challenge.®'’ Given
these complexities, corrective information must be carefully con-
structed, and its efficacy established, ideally before public dissemin-
ation. This is especially important to avoid any backfire effects that
would render informational campaign counterproductive.

There have been numerous public health campaigns designed
to better educate the public and challenge misperceptions sur-
rounding e-cigarettes, and there is some indication that these are
effective. Among US adult smokers, self-reported exposure to ac-
curate e-cigarette information was associated with lower e-cigarette
harm perceptions!' and experimental exposure to pictorial messages
comparing e-cigarettes with cigarettes reduces e-cigarette risk per-
ceptions.!? Perceived source credibility has also been shown to be
related to more positive e-cigarette attitudes.'? Indeed, expert con-
sensus and source credibility are known to be useful tools for cor-
recting misperceptions.'*!s

There is a need to test the efficacy of corrective public health
information to ensure that they are having a measurable effect in
the desired direction. Here we examine the impact of informational
videos from trusted, expert sources on e-cigarette harm perceptions
among current smokers who do not vape. From a public health per-
spective, it is most important to study the impact of these videos
among this group, as their health would benefit the most from
switching to e-cigarettes and they report the highest endorsement of
e-cigarette misperceptions.’

We hypothesized that participants who viewed information cam-
paigns from trusted sources (either Cancer Research UK or a panel of
scientific experts) would have fewer misperceptions about e-cigarettes
than those who do not view any campaigns. Moreover, a video cam-
paign with leading experts will be more effective at reducing misper-
ceptions than the text-only animated video campaign by CRUK. This
study differs from the majority of previous work in this field, which
typically uses a single item measure of perceived harm.!'® Here we
use multiple items, as has been recommended, to increase the val-
idity of this measure.'” This also allows us to (1) identify the specific
misbeliefs that underpin negative perceptions towards e-cigarettes in
smokers, so that these can be individually targeted in future public in-
formation campaigns, and (2) explore the impact of the informational
campaigns on specific harm perception beliefs, giving us a more de-
tailed picture of the efficacy of pre-existing informational campaigns.

Method

Design and Overview
We conducted an online between-subjects experimental study in
February 2020 with UK smokers who do not use e-cigarettes (i.e., do

not vape). Participants were randomized into one of the three con-
ditions: CRUK video; expert video; or a no message control. Harm
perceptions were the primary outcome measure. We published the
study protocol on the Open Science Framework prior to starting
testing and this includes more information about the study methods
and the analysis plan (https://osf.iofja34v/).

Participants

Our pre-planned sample size calculation indicated that we needed
390 participants to observe a small effect size (f = 0.20) with 95%
power and an alpha level of 5%. Further details are in the pre-
registered protocol. We recruited an equal number of female and
male participants opportunistically through Prolific, an online
crowdsourcing platform. To be eligible for inclusion, participants
were at least 18 years of age, lived in the UK and self-reported that
they smoked daily, and did not vape (classified as using an e-cigarette
less than monthly). Participants were reimbursed 13p for completing
a short prescreening survey. Eligible participants were invited to par-
ticipate in the main, 10 min experiment on Qualtrics for which they
were reimbursed £1.30. The study was approved by the Faculty of
Science Research Ethics Committee at the University of Bristol (ref-
erence: 23051753685).

Materials and Measures
The pre-registered protocol provides a detailed description of all
measures (https://osf.iofja34v/).

Experimental Stimuli — E-cigarette Videos

We used existing video information campaigns as stimuli in the
CRUK and expert conditions. Participants randomly assigned to the
CRUK condition saw a video published by CRUK (video stills in
the Supplementary Materials and viewable at https://www.youtube.
com/watch?v=9BEdv7UTDBA&feature=emb_logo). CRUK is the
world’s largest independent cancer charity, fundraising over half a
billion in the financial year ending March 2019.'%° In 2013, CRUK
was voted the most trusted charity in the UK.?° The CRUK video is a
text based animated video lasting 30 s. It included CRUK’s logo and
simple pictograms, alongside the following statements: (1) Research
shows vaping is far less harmful than smoking; (2) E-cigarettes
contain nicotine, which is addictive, but does not cause cancer; (3)
E-cigarettes do not contain cancer-causing tobacco; 4) Passively
breathing vapor from e-cigarettes is unlikely to be harmful; and
5) Growing evidence shows e-cigarettes are helping people to stop
smoking.

Participants who were randomly assigned to the expert condition
viewed a video (2 min 20 s) published by the National Centre for
Smoking Cessation and Training (NCSCT) in association with the
New Nicotine Alliance and part funded by Public Health England
(viewable at https://www.youtube.com/watch?v=SSn5Z2ZQkzKs or
alternatively see the Supplementary Materials for a transcript and
video stills). The video features four leading experts who address
common e-cigarette misperceptions. These include: the contents of
e-cigarette vapor and combustible cigarette smoke; e-cigarette use as
a smoking cessation technique; the “gateway” theory and the rela-
tive safety of vaping compared to smoking combustible cigarettes.

Perceptions of E-cigarettes
We asked what we call “general harm-reduction statements”: (1)
I know enough about e-cigarettes to have formed accurate opinions;
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(2) e-cigarettes are harmful; (3) e-cigarettes are less harmful than
combustible cigarettes; (4) e-cigarettes are a helpful tool for people
who want to quit smoking; (5) there is convincing scientific evi-
dence that e-cigarettes are safe; (6) there is convincing scientific evi-
dence that e-cigarettes are safer than smoking. We also asked what
we called “specific harm-reduction statements”: (7) the health risks
of smoking come from tar in combustible cigarettes; (8) the health
risks of smoking come from nicotine in combustible cigarettes; (9)
e-cigarettes often contain tar; (10) e-cigarettes often contain chem-
icals that are harmful to the user’s health; (11) there is a high risk
of harmful accidents when using e-cigarettes; (12) secondhand
e-cigarette vapor can expose others to harm; and (13) e-cigarettes
normalize smoking, making more young people take up smoking.
Participants reported e-cigarette harm perceptions using a 7-point
scale, with 1 representing “strongly agree” and 7 representing
“strongly disagree,” with an additional “don’t know” option. We
note that for some of these items (e.g., items 2, 5, and 10) the “cor-
rect” answer according to the current science may not be at either of
the extremes of our 7-point scale (but will be close to the extremes),
given that e-cigarettes are estimated to be 95% (but not 100%) less
harmful than cigarettes.?!

We also asked participants for their biggest concern about
e-cigarettes, with the options “their harmful contents,” “their
addictiveness,” “the potential for freak accidents,
others,” “they are normalizing smoking for young people”, and
“other” with an option for them to provide details.

» » G«

their harm to

Smoking and Vaping Behavior
Participants were asked about their frequency of cigarette and
e-cigarette use, the number of cigarettes smoked per day, and the
number of serious smoking quit attempts they had made. Participants
also completed the Quitting Smoking Contemplation Ladder?> and
the Fagerstrom Test of Cigarette Dependence.?

To assess intentions to use an e-cigarette, participants were
asked: “Do you think that you will try an e-cigarette or vaping de-
vice soon?” and “My future quit attempts will involve an e-cigarette

» <«

or vaping device,” with the options “definitely not,” “probably not,”

“probably yes”, and “definitely yes.”

Demographics
Participants reported their age, location in the UK, gender, level of
education, university student status, ethnicity, and type of occupation.

Attention Checks
Immediately after watching the video (or after consent for the con-
trol condition), participants were asked “From who did you just
watch a video” with the options (1) Cancer Research UK, (2) British
Heart Foundation, (3) A panel of experts, and (4) I did not watch a
video, with the correct answer dependent on their condition.

An additional attention check item was presented at random
within the attitudes to vaping questions, where participants were
asked to “respond with Strongly Agree.”

Procedure

After providing informed consent, participants provided their
Prolific ID, and then were randomized (via Qualtrics) to one of the
three conditions. Participants were unaware of the presence or in-
deed content of the other conditions. Immediately prior to watching
the videos, participants were instructed to ensure they were in a

location they could listen to and watch the videos, and were in-
formed that they must pay close attention as they would be asked
questions about them afterwards. Participants in the control con-
dition were asked to tick a box saying that they would answer the
following questions carefully.

Participants then completed the video attention check and then
completed the questions on perceptions of e-cigarettes, smoking and
vaping behavior, and demographics. Participants then had an oppor-
tunity to provide any comments or questions in a free-text box and
were then debriefed (with all participants provided with links to the
two videos) and redirected to Prolific for reimbursement.

Statistical Analysis Plan

For the harm perceptions statements, a mean was taken of each
statement, with “Don’t know” responses removed. Shapiro-Wilk’s
test confirmed that means for each statement were non-normally
distributed and Levene’s test indicated unequal variance for 8 of 13
statements. Despite these findings, we report the results of planned
one-way ANOVAs on these outcomes, as ANOVA is relatively robust
to violations of normality?* and the results of the Brown-Forsythe
tests mirrored the ANOVA results. We used the Games-Howell pro-
cedure for post hoc tests due to the unequal variance.

For the question regarding participants’ biggest concern about
e-cigarettes, responses were counted to reveal the greatest concerns
and we supplemented this with an assessment of the free text re-
sponses. For behavioral intentions related to using an e-cigarette in
the future, we used chi-squared analyses to examine the difference in
proportion of participants in each condition who reported that they
either “probably” or “definitely” would use an e-cigarette in the fu-
ture and would use one in a future quit attempt.

All questions were “forced choice” so there were no missing
data. We removed from the analyses any participants who failed
either of the attention check questions (7 = 25). Our pre-registered
statistical analysis plan (see https://osf.io/ja34v/) stated that we
would run analyses with and without those who failed the atten-
tion check questions. However, given the small number of exclu-
sions and for simplicity in reporting, we have not performed or
reported this analysis. We used SPSS (version 25) for the quanti-
tative data analysis and the researchers involved were not blinded
to the study conditions while performing the analyses. We have
avoided using the term “significant” or “nonsignificant,” given the
binary nature of the threshold that these terms rely upon.?’ Instead,
we use terms such as “weak” and “strong evidence” to reflect the
strength of the evidence, and we determine this using a range of
factors including the effect size estimates, exact p values, the direc-
tion of the point estimate and whether that is consistent with our
a priori predictions.

Results

The data and analysis code that form the basis of the results pre-
sented here are available from the University of Bristol data reposi-
tory, data.bris, at https://data.bris.ac.uk/data/dataset/8j9tx4rrrfu82
2xmuluahaunb; DOI: 10.5523/bris.8j9tx4rrrfu822xmuluahaunb.

Characteristics of Participants

Detailed participant characteristics are shown in Table 1 and in
Supplementary Table 1. There were 433 participants who completed
the experiment, 26 were excluded for not being daily smokers and
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less than monthly vapers, and 25 were excluded for failing either of
the attention checks. This left a total of 382 participants (control
n =132, CRUK, n = 121, expert, n = 129).

E-cigarette Harm Perceptions

There was a main effect of experimental condition on each of the 13
harm-reduction statements (see Figures 1 and 2 for results including
test statistics). Differences between conditions were in the expected
direction—that is, we observed the lowest e-cigarette harm percep-
tions among those in the expert condition, followed by the CRUK
condition, with those in the control condition with the highest
e-cigarette harm perceptions. Post hoc comparisons (Supplementary
Table 2) indicated that there were large differences between the
expert and control conditions for all harm perception statements.
There were also large differences in the expected direction between
the CRUK and control, and between expert and CRUK conditions
for most harm perception statements.

Table 1. Participant Characteristics

Biggest Concerns About E-cigarettes
Table 2 presents participants’ biggest concerns about e-cigarettes.
A smaller percentage of those in the expert condition (21%) re-
ported that their biggest concern was the harmful contents of
e-cigarettes, compared to 36% in the CRUK and 44 % in the con-
trol condition.

Of the 72 individuals reporting “other” as their main concern,
64 provided further qualitative information. Coding of these re-
sponses suggested the primary concern was epistemic limitations.
Of the 28 participants expressing these concerns about the state of
knowledge, 12 specifically expressed concern about the long-term
safety of e-cigarettes being unknown. The second most reported
“other” concern (7 = 8) was the notion that e-cigarettes do not pro-
mote nicotine abstinence and may encourage dual use. Another com-
monly reported concern was that e-cigarettes were an inadequate
replacement, which did not provide the same satiety or enjoyment
as cigarettes.

Participant characteristic Participants (7 = 382) Control (n = 132) CRUK (7 = 121) Expert (n = 129)
Gender
Female 200 (52%) 1(46%) 4 (53%) 5(58%)
Male 182 (48%) 1(54%) 7 (47 %) 4 (42%)
Age 385(5 +11.8) 403(SD+12 0) 379(SD +11.3) 373(5 +11.8)
Minimum cigarettes smoked per day last 2 months 0 (SD = 16.2) 10.8 (SD = 26.1) 2 (SD = 6.7) 0 (SD = 5.8)
Maximum cigarettes smoked per day last 2 months 29 6 (SD = 153.7) 25 0 (SD = 31.5) 43 5 (SD = 271.1) 21 2 (SD = 10.0)
Number of previous quit attempts 6 (SD = 3.7) 6 (SD = 3.2) 3(SD = 1 7) 9(SD =5.2)
Nicotine dependence (FTCD) 5(SD = 1.0) 4 (SD = 1.0) 5(SD = 1.0) 5(SD = 1.0)
Vaping status
Vape less than monthly 80 (21%) 1(16%) 8 (23%) 1(24%)
Never vaped/vape less than monthly 302 (79%) 111 (84%) 93 (77%) 98 (76%)
FCND, Fagerstrom Test of Cigarette Dependence.
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responses were coded as missing. For each harm perception statement, the results of a one-way ANOVA with eta squared are displayed.
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responses were coded as missing. For each harm perception statement, the results of a oneway ANOVA with eta squared are displayed.

Table 2. Biggest Concern about E-cigarettes

Overall (n = 382) Control (n = 132) CRUK (n = 121) Expert (7 = 129)

Biggest concern about e-cigarettes n (%) n (%) n (%) n (%)
Their harmful contents 129 (34) 58 (44) 44 (36) 27 (21)
The potential for freak accidents 67 (18) 15(12) 18 (15) 34 (26)
Their addictiveness 66 (17) 15 (12) 26 (22) 25 (19)
They are normalising smoking for young people 47 (12) 20 (15) 13 (11) 14 (11)
Their harm to others 1(0.3) 1(0.8) 0(0) 0(0)
Other 72 (19) 23 (17) 20 (17) 29 (23)
Behavioral Intentions Discussion

The videos also impacted participants’ behavioral intentions re-
garding e-cigarettes. The chi-squared analysis indicated an associ-
ation between condition and people reporting that they would try
oxoey = 32:5,p <001, V = 21). This
was predominantly driven by large differences in willingness to
try e-cigarettes between the expert and control condition, with the
highest percentage in the expert condition (59%), followed by those
in the CRUK condition (43%), with the lowest percentage in the
control condition (31%).

e-cigarettes in the future ()

There was also a small association between condition and parti-
cipants reporting they would use e-cigarettes in a future quit attempt
(o n- 352 = 41.61,p <001, V = .23), with the highest endorsement
of this in the expert condition (67%), followed by the CRUK condi-
tion (51%), followed by the control condition (35%).

We find that exposure to a short CRUK infographic video, and
especially a video featuring e-cigarette experts, meaningfully cor-
rected e-cigarette misperceptions among adult smokers who do
not vape and increased their intentions to try an e-cigarette, com-
pared to control participants who saw no video. Supporting pre-
vious findings, we observed high levels of misperceptions among
those in our control group who saw no video, with these parti-
cipants providing stronger endorsement for misbeliefs such as
“secondhand e-cigarette vapor can expose others to harm” and
“e-cigarettes often contain chemicals that are harmful to users’
health”. Given the potential of e-cigarettes to reduce harm among
current smokers, our findings indicate the significant public health
potential of these brief video interventions.?#*” Previous work finds
that perceiving e-cigarettes as less harmful than cigarettes predicts
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later e-cigarette use among never-vapers?® and this is supported by
our finding that participants who watched either video expressed
increased intentions to use e-cigarettes in the future compared with
the control group.

Interestingly, we also found evidence of “spill-over effects,” such
that individuals in the CRUK and expert condition displayed lower
endorsement of the risk of accidents compared to the control, even
though neither video directly addressed this harm. Similarly, those
who watched the expert video, compared to control, were more
likely to think that there was not a secondhand smoke risk from
e-cigarettes, even though the video does not mention this. These find-
ings suggest that the videos promote a generally more positive atti-
tude towards e-cigarettes. These findings raise the question of how
much information is actually required to promote these positive at-
titudes and spill-over effects. As we discuss below, keeping informa-
tional videos as short and focused as possible is likely to be the key
to their success in reaching large audiences (e.g., on television and
social media where content must be attention-grabbing and brief).
Future work should explore which messages within these videos
are most important in promoting positive attitudes towards vaping
among current smokers and which are most likely to promote spill-
over to other misperceptions.

However, not all of the information in the videos translated to
changes in harm perceptions. The misbelief that the health risks of
smoking are due to nicotine did not differ between the CRUK and
control condition, although the CRUK video states “E-cigarettes
contain nicotine, nicotine is addictive but does not cause cancer.”
In contrast, the expert video states “People die from the tar, the
other constituents of smoke, but not the nicotine. So the nicotine
isn’t the harmful component” and in this condition we did see a
large decrease in endorsement of the statement that nicotine in
cigarettes causes health risks. The divergent results may be due
to differences in the video format, such as expertise, or speaking
versus text. Alternatively, the effect may be driven by the semantic
differences between “addictive but does not cause cancer” and
“isn’t the harmful component,” or perhaps by explicitly ascribing
the harm to the tar. As our methodology does not identify which
specific aspect of the video drives the positive changes to harm
perceptions of e-cigarettes, this would be an interesting avenue
for future research.

We also investigated smokers’ biggest concerns about e-cigarettes.
Of the list we provided, concern about the constituents of e-cigarettes
was common. However, many participants reported other concerns
that were not on our list, notably the limits of our knowledge about
e-cigarettes, including concerns about the long-term health conse-
quences of e-cigarettes. Along with our detailed information about
13 different potential misperceptions, our research adds to the lit-
erature which characterizes the nature and extent of e-cigarette mis-
perceptions among adult smokers.?’ This should be used to inform
future public health informational videos.

There is considerable concern about these misperceptions, as
misinformation is often conceptualized as being resistant to correc-
tion. Misperceptions are often maintained and entrenched through
motivated reasoning, with counter-attitudinal information typically
dismissed.’ The effectiveness of correction is, therefore, determined
in part by the receptivity of the target audience to it.** Although there
is now considerable evidence on the presence of e-cigarette misper-
ceptions among smokers, relatively little research has examined how
to correct these misperceptions.®!72$ Our research not only finds that

misperceptions can be corrected (without backfire effects), but that
this can be achieved among nonvapers (79% reported never vaping),
a group for whom e-cigarette misinformation is greatest’ and who
have the most to gain from accurate e-cigarette knowledge—this is
particularly encouraging and is a key strength of our work.

There are, however, some important limitations to our work.
First, our sample is not representative of the UK, with White parti-
cipants being over-represented, Second, we measured behavioral in-
tentions, rather than actual vaping behaviors. Whilst intentions are
informative, they do not always directly translate into behavior and
future work could assess e-cigarette uptake one month later. Third,
as we wanted to assess the impact of currently available e-cigarette
videos, the content of these was not standardized. This means we
are unable to make firm conclusions about which components of
these videos (e.g., video length, the presence of experts, the content
or the semantics of what was said or written etc) had the greatest
influence on perceptions. Finally and importantly, our study uses a
forced exposure paradigm which lacks ecological validity and, there-
fore, limits the conclusions we can draw about the effectiveness
of these videos outside of our experiment. Health communication
campaigns must reach their target audience to be effective’! and it
is likely that under naturalistic conditions, the vast majority of our
target sample of nonvaping smokers may not even become aware
of the videos, let alone watch them in their entirety whilst paying
close attention. Indeed, Festinger’s theory of cognitive dissonance
suggests that counter-attitudinal information is aversive, so individ-
uals may avoid videos such as these that challenge their beliefs and
behaviors.’>** This self-selection of media content is becoming in-
creasingly common due to the proliferation of health information
on the Internet.** However, as of January 2021, the CRUK video has
received 9855 views and the expert video 21736 views. Given we
find that both videos can reduce misperceptions when close attention
is paid to them, consideration of how to increase engagement, par-
ticularly among target groups is important. This may include paying
for these videos to appear as advertisements either online on video
streaming platforms or on television. Key information could also
be translated to written format (e.g., via infographics) to facilitate
broad, multimedia dissemination.

To conclude, we find that compared to controls, short informa-
tional videos can reduce e-cigarette harm perceptions and increase
intentions to use e-cigarettes among current smokers who do not
vape. A video which uses experts to debunk common myths was
particularly effective. Our results are encouraging in the face of
mounting evidence that e-cigarette misperceptions are increasing.
Whilst research finds that misinformation is often resistant to correc-
tion, we find that attitude change in this domain is possible, at least
when we use carefully designed public health campaigns. Future re-
search should consider which messages within these videos are most
influential in changing misperceptions (and encouraging spill-over
to misperceptions not covered in the videos), the extent to which
the videos result in long-term changes in behavior and how we can
encourage our key target groups to watch and engage with this im-
portant misperception debunking content.
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