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ABSTRACT  
Objectives: Anti-tobacco campaigns often suffer from a lack of 
systematic evaluation and may not always have the intended 
impact on the target population. Our research adopted 
immersive virtual reality (iVR) to systematically evaluate 
preventive anti-tobacco messages in a controlled setting while 
mimicking a naturalistic and ecological environment. We 
investigated the effect of content framing of Anti-tobacco posters 
on attitudes and cravings toward tobacco, and poster recognition.
Methods: Participants were undergraduate students (n = 121), 
mostly female (76%). They were immersed in a virtual 
environment incidentally exposing them to either negatively, 
positively, or neutrally framed preventive posters based on their 
experimental condition. Their gaze was eye-tracked during the 
entire procedure.
Results: Results indicate that incidental exposure to preventive 
anti-tobacco posters while directly looking at negatively framed 
posters was associated with lower positive attitudes toward 
tobacco. Incidental exposure to posters did not impact their 
explicit recognition, except when exposed to negatively framed 
posters. No significant effect was found on craving.
Conclusions: We advise health campaign designers to consistently 
use negatively framed preventive messages and recommend the 
use of iVR to evaluate campaigns before launching them.
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Tobacco smoking is one of the world’s leading and most preventable causes of death, 
according to the World Health Organization (about 8 million people a year, WHO, 
2022) and is responsible for severe health issues (cancer, cardiovascular and respiratory 
illnesses, Bonaldi et al., 2019). As such, Smoking is a major health problem and the target 
of several preventive interventions by public health authorities. A variety of preventive 
interventions have been developed, including social media advertising, billboard 
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posters and public health campaigns such as STOPTOBER in England and Mois Sans 
Tabac in France (Beck et al., 2020; Chan et al., 2020). These campaigns focus primarily 
on smoking cessation, but they also have an impact on smoking prevention by raising 
awareness and motivating smokers to quit. While STOPTOBER and Mois Sans Tabac 
are designed to encourage smoking cessation, research has shown that preventive mess-
ages can be effective in increasing smokers’ awareness of health risks and their desire to 
quit (Durkin et al., 2012). Studies such as Bala et al. (2017) and Wakefield et al. (2010) 
further demonstrate the effectiveness of anti-tobacco campaigns in both prevention 
and cessation efforts, as these campaigns can reach diverse populations through multiple 
channels. Although the primary focus of these campaigns is on cessation, their preventive 
impact should not be overlooked. However, evaluating their efficacy in an ecological 
context presents several methodological challenges, limiting the internal and external 
validity of results (Anker et al., 2016; Noar et al., 2009). The goal of this study is to sys-
tematically evaluate the efficacy of poster-based preventive campaigns by addressing 
whether exposure to anti-tobacco billboard posters impacts tobacco attitudes, cravings, 
and their recognition, by using immersive virtual reality (iVR) to recreate the ecological 
setting in which posters are usually seen.

Evaluation of prevention campaigns: why field and lab approaches are limited

Prevention campaigns are difficult to evaluate because of the diversity in content and chan-
nels to broadcast them (Chan et al., 2020) and the lack of standardization of best practices to 
evaluate them (Anker et al., 2016; Noar et al., 2009). The use of theoretical background 
(Glanz, 2010) to design and evaluate prevention campaigns directly with the targeted popu-
lation has been called for (Atkin & Rice, 2012). Some campaigns have been declared effective 
based on arbitrary standards rather than on objective assessments, as shown by a few meta- 
analyses and systematic reviews concluding on the low effectiveness of prevention cam-
paigns to reach persuasive goals, notably because of the lack of rigor in their evaluation 
(Anker et al., 2016; Chan et al., 2020; Noar et al., 2009; Noar et al., 2018).

On a more pragmatic side, the impact of prevention billboard posters is difficult to 
evaluate in the field. First, it is difficult  – if not impossible, to estimate the frequency 
of exposure (Atkin & Rice, 2012) and if and how individuals process their contents. 
More precisely, it is difficult to establish whether individuals process the contents of pre-
vention messages in the environment reflectively, i.e. in a controlled, goal-directed 
fashion, or more reflexively, i.e. in a more automatic, involuntary fashion (i.e. outside 
of voluntary, conscious, efficient, or controlled effort; Hommel & Wiers, 2017; Korteling 
et al., 2018). Second, it is difficult to assess recognition and attitudes following exposure 
to preventive posters as they are embedded in daily life and consequently rife with con-
founding factors affecting content processing. Exposure to preventive posters in a realis-
tic context is saturated with information (e.g. crowds, advertising, signs, traffic, noise, 
ongoing tasks). Individuals may not always be attentive to their environment and may 
treat messages incidentally (Earp et al., 2011, 2013). The evaluation of prevention cam-
paigns, particularly those aimed at reducing tobacco use, can be less effective when con-
ducted in controlled laboratory settings, as these environments often fail to capture the 
complexities of real-world contexts that influence individual responses. Instead, natura-
listic settings provide a more accurate reflection of how preventive messages work in 
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everyday life, allowing researchers to observe real-world responses and behaviors. There-
fore, a combined approach that includes both laboratory and field studies is essential for 
understanding the effectiveness of anti-tobacco strategies. Multiple studies have pointed 
to the importance of these exposure conditions as they might have negative side effects, 
such as enhanced likability of tobacco instead of decreasing positive attitudes (e.g. Earp 
et al., 2011, 2013; Moorman & van den Putte, 2008). Exposure conditions significantly 
influence attitudes towards tobacco products, often increasing their favorability rather 
than decreasing positive perceptions, particularly among adolescents. Research shows 
that exposure to pro-tobacco media and environments correlates with increased suscep-
tibility to smoking among adolescents, highlighting the need for targeted interventions to 
mitigate these effects (Fulmer et al., 2015). Furthermore, comprehensive tobacco control 
policies, such as smoke-free ordinances, have been shown to reduce exposure to tobacco 
smoke and improve public health outcomes, especially for vulnerable populations such as 
children (Carpenter et al., 2011; Pérez-Ríos et al., 2024).

Incidental exposure to preventive billboard posters

Incidental exposure refers to being exposed to a stimulus without directly or consciously pro-
cessing it and has been specially investigated in the brand marketing field (Biscaia et al., 2014; 
Breuer & Rumpf, 2012; Zerhouni et al., 2016, 2019). For example, in sports events individ-
uals’ attention is usually directed at the match, while brand sponsorship is displayed in the 
surroundings. Exposure to brands is then incidental and has been found to lead to higher 
brand recall the longer the sponsor is visible (Biscaia et al., 2014; Breuer & Rumpf, 2012) 
and to more positive attitudes toward brands (Zerhouni et al., 2016, 2019). Similarly, we 
can assume that when walking in a street, individuals’ attention is focused on their goals 
(e.g. going from A to B, running errands, meeting others) rather than directly toward bill-
board posters displayed in the area. As such, individuals are more likely to be exposed to pre-
ventive posters incidentally. When exposed incidentally to preventive messages, individuals 
are more likely to encode them without consciously or deeply processing them (Hommel & 
Wiers, 2017; Korteling et al., 2018). Anti-tobacco messages would then activate the concept 
of smoking in memory and its evaluation (i.e. attitudes) while missing out the full prop-
ositional message (i.e. ‘no smoking’; Earp et al., 2011, 2013), leading to the potential risk 
of counterproductive effects (i.e. increased activation of the concept of ‘smoking’ and motiv-
ation to smoke) as shown in studies on alcohol prevention (Krank et al., 2010).

How does the framing of prevention poster campaigns modulate their 
perception?

Health promotion campaigns usually include content-framed posters, either positively 
(i.e. highlighting the benefits of reducing or quitting an unhealthy behavior) or negatively 
(i.e. focusing on the negative effects of adopting or continuing an unhealthy behavior). 
However, a meta-analysis indicated that framing does not impact attitudes (Gallagher 
& Updegraff, 2012). A few studies have attempted to test the effect of exposure to 
anti-tobacco depending on its framing (e.g. Moorman & van den Putte, 2008), but 
never in the case of incidental exposure. Furthermore, to date, very few studies investi-
gated the role of framing in prevention message recognition, with mixed results (e.g. 
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positively framed messages are better recalled than negative ones, Masumoto et al., 2020; 
no effect of framing on recall, Mollen et al., 2017). And none of them has investigated 
message recognition under incidental exposure. We aimed to address this gap by com-
paring the effect of incidental exposure to different message framing (positive, negative, 
or neutral) on attitudes, cravings, and recognition of anti–Anti-tobacco posters.

Immersive virtual reality to evaluate prevention campaigns

Immersive virtual reality (iVR) is a human–computer interface that recreates virtual 
environments (VE) in which users are immersed and can interact through various 
sensory channels (usually sight, but also touch, sound, smell). iVR is a device usually 
composed of a head-mounted display (HMD) covering the eyes which, together with 
other motion tracking devices (e.g. hand-held controllers) enable users to interact 
directly with the VE and its characters. Due to the high level of immersion afforded 
by the technology, iVR allows individuals to act the closest to real-life behavior 
(Parsons et al., 2017) and behave naturally in the VE by generating the feeling of presence 
(i.e. the ability to project oneself mentally into the VE as we would in real-life, Cummings 
& Bailenson, 2015; Sanchez-Vives & Slater, 2005; Slater, 2009). As an example, it is 
common to see iVR users fearing for their life while being in a VE displaying a plank 
and crossing a cliff (Bailenson, 2018). The more present, the more the user feels like 
the VE is the real world.

iVR appears as an ideal technology to help adress the challenges of evaluating health 
promotion campaigns in an ecological setting, while enabling a high degree of exper-
imental control. Given the role that presence and immersion may play in the experience 
with the VE and the effects of exposure to its contents (i.e. the more present the user feels 
in the VE, the more vivid the experience, and the more memorable and persuasive this 
can be; Ahn et al., 2019; Bailenson, 2018; Cummings & Bailenson, 2015; Parsons et al., 
2017) we also evaluated their impact on memorization, craving and attitude. Moreover, 
recent data has shown that serious games (Lau et al., 2017) as well as VR apparatus can be 
used to be evaluate billboard-based campaigns (Bonneterre et al., 2024; Schmälzle et al., 
2023) as well as in cognitive training (Matheis et al., 2007; Nègre et al., 2023).

The present study

Our main goal was to evaluate the efficacy of poster-based Anti-tobacco campaign s in an 
ecological setting using iVR technology. We conducted a study in which we evaluated the 
effect of prevention poster framing on the same outcomes, comparing negatively (i.e. 
underlying risks and negative consequences of smoking), positively (i.e. underlying 
benefits of quitting smoking), and neutrally framed (i.e. purely informative) messages. 
Variables associated with the use of iVR (i.e. presence, immersion, and cybersickness) 
were explored as covariates. We posited that (H1) when exposed to positive or negative 
(i.e. valenced) anti-tobacco posters, attitudes toward tobacco would be impacted accord-
ingly (e.g. positive posters exposure would lead to more positive attitudes) in comparison 
to neutral posters; (H2) participants exposed to valenced posters would retain them 
better than participants exposed to neutral prevention posters, and (H3) being 
exposed to Anti-tobacco posters would elicit cravings independent of their valence. 
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Cravings were included as predictor of attitudes and presence, immersion, and cybersick-
ness were explored as covariates. The study was pre-registered at: https://osf.io/s3w6t.

Method

Participants

An a priori power analysis (Faul et al., 2007) was conducted assuming a medium effect 
size ( f2 = .15) for a multiple linear regression (fixed model, R2 increase with three key pre-
dictors: condition, two eye-tracking measures and their interaction), which rec-
ommended a minimum N of 108 to ensure 90% power for our design. These 
participants were recruited via an online post on the University website. Participants 
were recruited through [Masked for review] online participant pool for psychology 
studies. Participants were screened for eligibility by assessing if they had any perceptive 
problems (e.g. vision trouble), were prone to cybersickness, or had any disorder for 
which the use of iVR technology is not recommended (e.g. epilepsy). The study was 
approved by the Ethics Review Board of 2023-01-08.

The final sample included 121 participants (n = 41 in the negatively framed posters 
condition, n = 40 in each of the other conditions), on average 20.1 years old (SD =  
2.95), mainly women (76%). Participants were mostly non-smokers (70.2%), followed 
by regular smokers (17.4%), occasional smokers (7.4%), and former smokers (5%). Of 
smokers, the majority were non-dependent to tobacco (86.7%), followed by heavily 
dependent (6.7%), lightly dependent (3.3%), and moderately dependent (3.3%). Most 
participants declared having used a VR device in the past (55.8%), but only a few 
(4.5%) felt sick when using it. No baseline differences were observed among the exper-
imental groups concerning age, gender, and FTND scores (all p’s > .05, all descriptive 
statistics are available in Table 1).

Measures and materials

iVR device and virtual environment
The experiments took place in a Sensiks® VR pod, in which participants can sit and wear 
an Oculus Rift 2® and use two hand-held controllers to move around the VE. The VE 
depicted a Parisian suburb where billboards standing on the sidewalk or wall-mounted 
panels were displayed. Posters were randomly1 selected and displayed from a pool of bill-
boards in the experimental condition with an equal amount of negative, positive, and 

Table 1. Descriptive statistics.
Gender Women Men Total

Total N (%) 91 (77.1) 27 (22.9) 118
Age Mean (SD) 19.9 (3.1) 20.2 (2.2) 20.0 (2.9)
IPQ Mean (SD) 0.3 (0.7) 0.2 (0.7) 0.3 (0.7)
Immersion Mean (SD) 4.7 (1.0) 4.7 (1.3) 4.7 (1.1)
Cybersickness Mean (SD) 1.2 (0.2) 1.2 (0.2) 1.2 (0.2)
Attitude score Mean (SD) 2.1 (1.2) 2.0 (1.3) 2.1 (1.3)
TCQ Mean (SD) 1.9 (1.0) 1.8 (1.1) 1.8 (1.0)
Exposure Duration Mean (SD) 522061.1 (213950.1) 457586.3 (136013.7) 507308.4 (200155.2)
Directed Gaze Mean (SD) 139.1 (185.4) 142.0 (165.2) 139.8 (180.3)
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neutrally framed posters. All billboards were blank in the control condition (see Figure 1
for screenshots).

Eligibility screening questionnaire
The eligibility screening included questions regarding participants’ physical ability to 
participate and three questions on smoking status: (1) did the participant use to be a 
smoker or is currently a smoker, and (2) if so, is s/he a regular or occasional smoker, 
and (3) for how long s/he smoked or used to smoke. For smoking participants, the 
FTND (Heatherton et al., 1991) was further used to assess severity of nicotine 

Figure 1. Screenshot of the VR environment.
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dependence. Response options range from 0 to 3 depending on the item, with a total 
score used to define four levels of dependence severity: non-dependent (0-2), low depen-
dent (3-4), mildly dependent (5-6), highly dependent (≥7).

Presence
Presence was assessed using the French version of the iGroup Presence Questionnaire 
(IPQ; Viaud-Delmon, n.d.), a short, reliable, and widely used questionnaire (Schwind 
et al., 2019). The IPQ contains 14 questions rated on a scale from – 3 (completely dis-
agree) to +3 (completely agree), such as ‘To what extent did the virtual world seem 
real to you?’.

Immersion
Immersion was assessed by questioning participants about VR device features (Cum-
mings & Bailenson, 2015), complementing aspects not mentioned by the IPQ: ‘I was 
able to move into the virtual environment without thinking about how to use hand- 
held controllers’ and ‘I needed to or should have adjusted the helmet during the pro-
cedure’ on a 1 (completely disagree) to 7 (completely agree) Likert scale. Immersion 
was assessed as a manipulation check, aiming at evaluating the validity of our iVR 
set-up.

Attitudes toward tobacco
Participants indicated on a 7-point differential semantic scale their attitudes based on the 
following adjective pairs: risky/safe, not enjoyable/enjoyable, dislike/like, and bad/good 
(Stark et al., 2008). Ratings were averaged across all pairs, with the higher the score, 
the more favorable the attitudes toward tobacco.

Cravings for tobacco
The French version of the 12-item Tobacco Cravings Questionnaire (TCQ, Berlin et al., 
2010) was used. Items (e.g. ‘I would do almost anything for a cigarette now’) were rated 
on a Likert scale from 1 (Strongly disagree) to 7 (Strongly agree).

Explicit recollection of prevention messages
A list of 30 billboard posters2 was presented to participants, asking whether they saw 
them during their walk in the VE. This list included 10 posters randomly selected 
from those presented in the VE and 20 distractors (i.e. posters that were not displayed 
in the VE). Recognition was correct when the participant indicated viewing posters 
that were presented in the VE and incorrect when indicating viewing posters that 
were not presented, or the other way around. Scores for correct recognition ranged 
from 1 to 10 and for incorrect recognition from 1 to 30. A total score was computed 
through the difference between correct minus incorrect recognition subs-cores, with 
the higher the score, the more individuals correctly recognized the posters (hence, a 
better recognition).
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Eye-tracking measures
In the VE, participants’ gaze was constantly monitored with the eye-tracking technology in 
the HMD. Two scores were derived: Exposure Duration, indicating the total amount of time 
(in milliseconds) posters were in the field of view of the participant, independently of 
whether their gaze was directed at them (i.e. posters could also be in the peripheral view); 
and Directed Gaze, indicating to what extent participants directed their gaze toward 
posters (i.e. more sustained attention). The latter was computed automatically by the eye- 
tracking system for each participant and poster. Directed Gaze was progressively computed 
and added up every 0.2 s by calculating the percentage of the screen area a billboard took up 
and transforming it to a score from 0 to 20, which was added up to the current score (e.g. if a 
billboard occupied 10% of the screen, it was transformed to a score of 2, which was added up 
to the current total Directed Gaze). Consequently, the more participants had a poster in their 
field of view, the more it took up visual space and the higher the Directed Gaze score. For 
each participant, an average was made across all posters seen in the VE. For Exposure Dur-
ation, scores for each poster were instead summed up.

Cybersickness. Cybersickness was assessed using the 9-items Virtual Reality Sickness 
Questionnaire (VRSQ, Kim et al., 2018) to ensure the VE would not cause any cybersick-
ness and discomfort. The scale assesses to what extent participants felt symptoms such as 
general discomfort, blurred vision, dizziness, etc. when using the iVR on a 4-point scale 
(none, slight, moderate, or severe).

Procedure

Participants were recruited through the [Masked for review] online experiment platform. 
Participants first had to fill out the eligibility screening questionnaire. The sign-up required 
participants to complete an informed consent procedure where the experiment was described 
as a study aiming at studying space perception and movement within a virtual environment. 
This cover story was used to limit demand bias from the participants (see Corneille & Lush, 
2022), ensuring they were exposed incidentally to anti-tobacco posters during their walk in 
the VE. At the end of the study, participants were debriefed and informed that the study was 
in fact about the exposure, perception, and recognition of anti–Anti-tobacco posters.

Eligible participants were randomly assigned to one of the conditions and exposed to 10 
posters accordingly (i.e. positively, negatively, or neutrally framed). Billboard locations were 
randomized within participants. Participants started with a short tutorial in the iVR pod on 
how to use the device and the hand-held controllers to move into the iVR environment. Par-
ticipants were then immersed in the VE. The experimenter verified first that the participant 
used the controller properly and guided them through the VE. Four short instructions were 
given for a duration of around 5 min of exposure: walking to the bus stop, reaching the end of 
the main street, seeking a red-headed person (i.e. virtual agent), and walking the street from 
the right to left. Participants were encouraged to move around at their own pace. Upon 
fulfilling the instructions, participants could spend some more time in the VE if they 
wanted to. After the iVR exposure, they completed the post-intervention measures, starting 
with the presence, immersion, and cybersickness questionnaires, followed by tobacco atti-
tudes, craving and the message recognition measures. with the addition of one instruction 
in the VE (i.e. going all the way up the main street, then coming back to the starting point 
in the middle of the VE) to allow them to fully complete the VE.
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Data analysis

We conducted three hierarchical linear regression models, one for each outcome (i.e. 
attitudes, cravings, and recognition scores), with condition and the two eye-tracking 
scores, and their interactions, as main predictors. Age, gender, presence, immersion, 
cybersickness, and FTND scores were entered as baseline covariates in all models. We 
conducted a one-sample t-test for the recognition score in the experimental condition 
to ensure participants did not complete the task randomly. Finally, Exposure Duration 
scores were centered using a Z-score3 to reduce multicollinearity, which was not necess-
ary for Directed Gaze as it was already a transformed score (whereas Exposure Duration 
was a sum of raw data). Two simple contrasts for Condition were included in all models 
to compare the valenced conditions to the neutral one and examine their interaction with 
the eye-tracking measures.

Results

Manipulation checks on VR use

Our procedure only slightly elicited presence (M = 0.31, SD = 0.72) and did not elicit 
cybersickness (M = 1.23, SD = 0.22). The degree of immersion was around average (M  
= 4.74, SD = 1.09), but was lower concerning the ease to use the controllers (M = 2.86, 
SD = 1.64). No group difference emerged on any of these variables (all p’s > .05).

Table 2. Hierarchical linear regression models for tobacco attitudes, controlling for participants’ 
demographic and VR covariates.
Predictor variables β CI 95% t p

Presence −0.03 [−0.25, 0.19] −0.30 .77
Immersion −0.06 [−0.20, 0.09] −0.77 .44
Cybersickness 0.20 [−0.52, 0.91] 0.54 .59
Cravings 0.97 [0.79, 1.15] 10.53 <.001
Age 0.03 [−0.02, 0.08] 1.06 .29
Gender −0.04 [−0.40, 0.33] −0.20 .84
FTND −0.03 [−0.20, 0.13] −0.39 .70
Model 1: R² = 0.60, AIC = 293, BIC = 293, F(7, 107) = 23.2, p < .001
Presence −0.04 [−0.26, 0.18] −0.39 .70
Immersion −0.01 [−0.16, 0.14] −0.18 .86
Cybersickness 0.50 [−0.24, 1.24] 1.34 .18
Cravings 0.99 [0.81, 1.17] 10.77 <.001
Age 0.05 [0.00, 0.11] 1.94 .06
Gender 0.02 [−0.35, 0.39] 0.11 .91
FTND −0.07 [−0.24, 0.10] −0.79 .43
Condition: Negative  – Neutral −0.40 [−0.93, 0.13] −1.51 .13
Condition: Positive  – Neutral −0.02 [−0.52, 0.47] −0.10 .92
Exposure Duration 0.12 [−0.23, 0.46] 0.67 .50
Directed Gaze −0.02 [−0.04, 0.00] −2.32 .02
Condition (Negative-Neutral)*Exposure Duration −0.45 [−0.93, 0.02] −1.90 .06
Condition (Positive-Neutral)*Exposure Duration 0.07 [−0.35, 0.48] 0.32 .75
Condition (Negative-Neutral)*Directed Gaze 0.02 [−0.01, 0.04] 1.18 .24
Condition (Positive-Neutral)*Directed Gaze 0.02 [−0.01, 0.04] 1.35 .18
Model 2: R² = 0.65, AIC = 294, BIC = 340, F(15,99) = 12.5, p < .001 

ΔR² = 0.05, F(8,99) = 1.83, p = .08

Note. Exposure Duration = total time in milliseconds the posters were in the field of view; Directed Gaze = averaged 
running sum of the percentage of area billboards took up of the screen; FTND = Fagerstrom Test for Nicotine 
Dependence.
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Hypothesis 1: The effect of valenced posters on tobacco attitudes

After controlling for covariates, the inclusion of the key predictors explained an 
additional 5% (p = .08) and 16% (p = .01) of the attitude and recognition score variance, 

Table 3. Hierarchical linear regression models for poster recognition, controlling for participants’ 
demographic and VR covariates.
Predictor variables β CI 95% t p

Presence −0.39 [−1.25, 0.46] −0.91 .36
Immersion 0.32 [−0.24, 0.89] 1.13 .26
Cybersickness −0.73 [−3.52, 2.06] −0.52 .61
Age 0.13 [−0.07, 0.34] 1.28 .20
Gender 1.94 [0.51, 3.38] 2.69 .008
FTND 0.02 [−0.51, 0.55] 0.07 .94
Model 1: R² = 0.10, AIC = 605, BIC = 627, F(6,108) = 2.01, p = .07
Presence −0.54 [−1.38, 0.30] −1.28 .20
Immersion 0.16 [−0.40, 0.72] 0.56 .57
Cybersickness −2.32 [−5.13, 0.49] −1.64 .11
Age 0.06 [−0.14, 0.27] 0.63 .53
Gender 1.80 [0.39, 3.21] 2.54 .01
FTND 0.11 [−0.44, 0.66] 0.40 .69
Condition: Negative-Neutral 2.09 [0.08, 4.10] 2.07 .04
Condition: Positive-Neutral −1.05 [−2.92, 0.82] −1.12 .27
Exposure Duration −0.18 [−1.48, 1.11] −0.28 .78
Directed Gaze 0.06 [−0.10, 0.14] 1.75 .08
Condition (Negative-Neutral)*Exposure Duration 0.91 [−0.89, 2.70] 1.01 .32
Condition (Positive-Neutral)*Exposure Duration 0.21 [−1.35, 1.76] 0.26 .79
Condition (Negative-Neutral)*Directed Gaze −0.08 [−0.19, 0.02] −1.55 .12
Condition (Positive-Neutral)*Directed Gaze 0.01 [−0.07, 0.10] 0.26 .80
Model 2: R² = 0.26, AIC = 599, BIC = 643, F(14,100) = 2.45, p = .005 

ΔR² = 0.16, F(8,100) = 2.61, p = .01

Note. Exposure Duration = total time in milliseconds the posters were in the field of view; Directed Gaze = averaged 
running sum of the percentage of area billboards took up of the screen; FTND = Fagerstrom Test for Nicotine 
Dependence.

Figure 2. Interaction effect of Condition x Exposure Duration on tobacco attitudes scores.
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respectively (see Tables 2 and 3). No main effect of condition appeared for tobacco 
attitudes.

Hypothesis 2: Poster framing and recognition

Directed Gaze was found to negatively predict attitudes (β = −0.02 p = .02), i.e. the 
more individuals directly looked at the posters, the more negative the attitudes 
toward tobacco. The interaction effect between the negative vs neutral condition con-
trast and Exposure Duration (β = −0.45 p = .06) indicated that a longer presence of 
negatively framed posters in the field of view seemed to negatively impact attitudes 
to a larger extent compared to neutrally framed posters, albeit this effect was not sig-
nificant (see Figure 2).

Hypothesis 3: Exposure to posters and tobacco cravings

Regarding poster recognition, when posters were negatively framed participants memor-
ized them better than purely informative ones (β = 2.07, p = .04). Also, women showed 
better recognition scores than men (β = 1.80, p = .01). No relevant effects were identified 
for craving (Table 4).

Discussion

Our research aimed to evaluate the effects of differently framed Anti-tobacco posters on 
attitudes and cravings for tobacco, as well as recognition of the posters in an 

Table 4. Hierarchical linear regression models for poster craving, controlling for participants’ 
demographic and VR covariates.
Predictor variables β CI 95% t p

Presence 0.05 [−0.18, 0.28] 0.42 .68
Immersion 0.04 [−0.12, 0.19] 0.47 .64
Cybersickness 0.10 [−0.65, 0.85] 0.28 .78
Age 0.001 [−0.05, 0.06] 0.04 .97
Gender −0.13 [−0.51, 0.26] −0.66 .51
FTND 0.49 [0.35, 0.64] 6.85 < .001
Model 1: R² = 0.32, AIC = 303, BIC = 325, F(6,108) = 8.30, p < .001
Presence 0.02 [−0.22, 0.26] 0.14 .89
Immersion 0.01 [−0.15, 0.17] 0.15 .88
Cybersickness 0.03 [−0.78, 0.83] 0.06 .95
Age <−0.01 [−0.06, 0.06] −0.01 .99
Gender −0.14 [−0.54, 0.26] −0.69 .50
FTND 0.49 [0.33, 0.65] 6.21 < .001
Condition: Negative-Neutral 0.11 [−0.46, 0.69] 0.39 .69
Condition: Positive-Neutral −0.41 [−0.94, 0.13] −1.52 .13
Exposure Duration 0.06 [−0.31, 0.43] 0.30 .77
Directed Gaze −0.01 [−0.03, 0.01] −0.79 .43
Condition (Negative-Neutral)*Exposure Duration −0.02 [−0.54, 0.49] −0.09 .93
Condition (Positive-Neutral)*Exposure Duration −0.17 [−0.62, 0.28] −0.76 .45
Condition (Negative-Neutral)*Directed Gaze <0.01 [−0.03, 0.03] 0.26 .80
Condition (Positive-Neutral)*Directed Gaze 0.02 [−0.00, 0.04] 1.58 .12
Model 2: R² = 0.35, AIC = 312, BIC = 356, F(14,100) = 3.92, (p < .001) 

ΔR² = 0.03, F(8,100) = 0.75, p = .65
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environmental setting using immersive virtual reality (iVR). Specifically, we examined 
the effects of positive, negative, or neutral framing on these outcomes.

We found that poster content framing alone was not a predictor of attitudes toward 
tobacco, in line with Gallagher and Updegraff (2012)’s findings where exposure to posi-
tive or negative preventive content did not impact attitudes. Yet, while no direct univari-
ate effect on attitudes was observed when poster framing was systematically manipulated, 
paying attention to posters seems to be associated with more negative attitudes toward 
tobacco, at the net of all relevant covariates. Yet, the size of the effect is very small 
(beta < 0.10).

Results further indicated that the longer negative posters were in participants’ field of 
view, the less positive their attitudes were compared to exposure to neutral posters. This 
suggests that using negatively framed posters and ensuring that individuals view them for 
a sufficient amount of time may be an effective strategy for influencing attitudes by rein-
forcing the negative consequences of smoking. For example, Bafunno et al. (2020) and 
Noar (2006) highlight the importance of placing anti-tobacco messages in channels 
that are widely viewed by the target audience to maximize exposure and effectiveness. 
Similarly, WHO’s tobacco control guidelines recommend that high-quality anti- 
tobacco campaigns should last more than three weeks to ensure long-term engagement 
and message retention (WHO, 2020). The WHO Framework Convention on Tobacco 
Control (FCTC) further emphasizes the need for high-frequency, long-term campaigns 
to achieve optimal results (WHO FCTC, 2020).

In terms of poster recognition, our results challenge previous assumptions by showing 
that consistent exposure to negatively framed posters resulted in better recognition com-
pared to neutrally framed posters. This finding underscores the potential efficacy of con-
sistent negative messages in the recognition of prevention content.

Presence, immersion, and cybersickness were assessed to evaluate the effects of the 
iVR setup. Our protocol elicited moderate levels of presence and immersion, which 
did not affect any outcomes. However, the study revealed that higher cybersickness 
was associated with lower recognition scores, highlighting the importance of considering 
cybersickness in iVR research due to its potential impact on environmental perception 
and cognitive processing.

Despite certain limitations, such as the lack of a ‘pure’ control condition and the need 
for replication, our study provides valuable insights into the design of billboard-based 
prevention campaigns and the role of message framing in memory recognition and atti-
tude change.

Limitations

This study presents some limitations, the first one being that we only assessed explicit 
attitudes and recognition, although some studies recommend measuring both implicit 
and explicit (Herrmann et al., 2011). In the same fashion, we did not assess smoking 
behavior nor intentions to smoke, quit or reduce smoking. Even though these measures 
are used as outcomes in health prevention studies (e.g. Anker et al., 2016), they were not 
relevant for our research as our protocol deployed a too short exposure to the VE to have 
an impact on behavior or intentions. In fact, we believe that repeated exposure over a 
longer time can significantly impact such variables (Atkin & Rice, 2012; Glanz, 2010). 

12 S. BONNETERRE ET AL.



Therefore, our studies only allowed us to estimate momentary effects of exposure to 
smoking prevention posters, and sustained, medium  – and longer-term effects of 
repeated exposure should also be explored.

Billboard posters were sourced from existing Anti-tobacco campaign s in our urban 
environment (i.e. billboards used in previous Anti-tobacco campaign s). Therefore, the 
experimental conditions were not as rigorously equivalent in terms of poster content 
compared to if we had created all posters ourselves for the study. Nonetheless, the use 
of existing prevention posters supports the ecological validity of our design as content 
used in the real world was used and presented under virtually similar conditions. Simi-
larly, billboards across conditions only displayed anti–Anti-tobacco messages and no 
other unrelated content (e.g. ads, events, etc.) as usually found in real life. Although 
our virtual environment achieved a good level of realism, which represents a significant 
advance in the evaluation of health promotion campaigns, further improvements can be 
made to enhance its realism and applicability, more work is needed to bring realism to a 
yet higher level, improving both internal and external validity of our findings.

A relevant issue is the sample composed exclusively of students, relatively young, and 
mostly female non-smokers, whereas smokers were for the most part very lightly depen-
dent on nicotine. It would be interesting to include more participants dependent on 
smoking as nicotine dependency may lead to a difference in message processing 
(Moorman & van den Putte, 2008). We may also have more insights into the role of crav-
ings (Gass et al., 2014), as the present study is non-informative about the effect of pre-
vention on smoking cravings.

Another limitation of our study is that we did not assess craving prior to iVR exposure, 
nor did we include a control group without poster exposure. This makes it difficult to 
conclude whether exposure to the posters directly induced craving. In addition, given 
that the majority of our participants were non-smokers, it is possible that the hypoth-
esized effect of poster exposure on craving was not fully applicable to our sample. 
Future research should include pre  – and post-exposure measures of craving, as well 
as a control group, to better assess the potential influence of anti-tobacco posters on 
craving.

Conclusions

This paper presented the first study using iVR to systematically evaluate preventive anti- 
tobacco campaigns in an ecological setting. It gave some evidence that directly looking at 
negative posters may lead to more negative attitudes toward tobacco. Hence, consistently 
using negatively framed messages seems a better strategy to ensure a negative impact on 
attitudes toward tobacco. Further, incidental exposure seems too short to leave a strong 
impression in explicit memory, except for consistently negatively framed posters. Repli-
cation is needed to corroborate these findings and the evaluation of prevention cam-
paigns would need to focus on billboard size and location to see if and how these 
impact attention to the posters, and in turn their recognition.

Finally, our study shows how iVR can be a useful and ideal tool to systematically 
evaluate the design of population-based Health promotion campaigns. iVR offers a 
highly ecologic and realistic setting to evaluate how individuals process and may be 
impacted by health-related content embedded in their daily environment in a more 
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standardized fashion, enabling the design of more impactful and efficacious health pro-
motion campaigns. To more thoroughly examine the effects of anti–Anti-tobacco posters 
on craving, future studies should include both a baseline measure of craving and a 
control group that is not exposed to smoking-related content. This would allow for a 
clearer understanding of whether poster exposure, particularly among smokers, signifi-
cantly influences craving levels and whether nonsmokers are also affected by smoking- 
related cues in a virtual environment.

Notes

1. In all three conditions, 15 billboard locations were available. In the experimental condition, 
10 of the 15 available billboard locations were randomly picked to display prevention 
posters. Among the list of 30 possible posters, 10 were randomly picked to be displayed ran-
domly across the 10 selected billboards. The 5 remaining billboards were filled with the 
blank picture shown in the control condition. The randomization of posters and Billboard 
locations in which posters were displayed was done within participants.

2. Posters were based on existing Anti-tobacco posters. An original pool of 45 posters was pre-
sented to 388 participants in a previous online survey aimed at evaluating perceived persua-
siveness and relevance of the posters. Additionally, participants had to indicate whether the 
posters were considered preventive (i.e., negatively framed), informative (i.e., neutrally 
framed) or promoting tobacco cessation (i.e., positively framed). Descriptive analyses 
were conducted to rank and select the final list of 30 posters (10 for each of the mentioned 
categories, see Appendix A for details).

3. We used a Z-score on Exposure Duration to reduce multicollinearity, which was not necess-
ary for Directed Gaze as it was already a transformed score (whereas Exposure Duration was 
a sum of raw data).
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Appendix A: Posters used in the VR environments

The 30 posters used in the study varied in size, ranging from approximately 380 × 542 pixels to 
600 × 800 pixels, ensuring good visibility in the virtual environment. The color schemes differed 
according to the framing: negative posters used dark and alarming colors such as black, red, 
and gray to emphasize the dangers of smoking; neutral posters used more balanced tones such 
as gray and light blue; and positive posters used bright and uplifting colors such as green, blue, 
and yellow to encourage smoking cessation. In terms of content, negative posters combined 
graphic images (e.g. diseased lungs) with minimal but powerful text such as ‘Smoking Kills,’ 
neutral posters were more text-heavy and offered factual information about the risks of 
smoking, and positive posters used uplifting images (e.g. healthy people) paired with motivational 
phrases such as ‘Quit Smoking Today’. This mix of visuals and text was intended to engage par-
ticipants emotionally and cognitively, and we will include this detailed description in the manu-
script to clarify the design and implications of the stimuli used.

Negative posters
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Neutral posters
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Positive posters
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