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A B S T R A C T

In response to the health impacts of smoking, cigarette packs with health warnings have proven effective. 
However, it remains undetermined whether enhancements or modifications could amplify their impact, in 
helping smokers to quit and/or deterring initiation. We aimed at providing new evidence on this issue by using 
different motivational leverages identified in the psychology and economic literature. We developed new 
warnings based on commitment, cognitive dissonance, empowerment and Electronic Nicotine Delivery Systems 
use. To determine which types of warnings are the most effective, we conducted an online experiment where 
participants (n = 860, including 335 smokers) were exposed to a specific type of warning, using conventional 
regulatory warnings as a control. Traditional indicators (measures of emotions, reactions, beliefs, perceived 
efficacy and intentions) and an innovative behavioural indicator (incentive-compatible willingness-to-pay) were 
used to assess the efficacy of the warnings. The conventional regulatory warnings performed at least as well as 
the alternative ones in almost all the relevant dimensions. In this respect, alternative warnings are disappointing, 
although some have a positive effect compared to no warning and may be used as a basis for complementary or 
targeted warnings or prevention measures in other contexts.

1. Introduction

Smoking is the world’s leading cause of avoidable death and illness, 
with >8.7 million deaths and 229.7 million disability-adjusted life-years 
in 2019 (He et al., 2021). The associated costs were estimated at 1330 
billion dollars in 2012, i.e. a loss of nearly 2 % of global GDP that year 
(Goodchild, Nargis & Tursan, 2018). Many tobacco control policies have 
been implemented over the past several years under the impetus of the 
World Health Organization (WHO) and the Framework Convention for 
Tobacco Control (FCTC), in order to reduce these costs. One of them is 
based on health warnings on cigarette packs. Health warnings have 
proven to be effective in anti-smoking campaigns. They are all the more 
effective when text-based messages are paired with large, visible, and 
understandable pictorial warnings that generate negative emotions 
(Hammond, 2011). They effectively increase intentions not to start 
smoking and to stop smoking (Noar et al., 2016a). Longitudinal obser
vational studies also confirm this efficacy (Noar et al., 2016b; Noar et al., 
2017; Kuehnle, 2019; Drovandi, Teague, Glass & Malau-Aduli, 2019).

Although the existing empirical evidence clearly indicates the effi
cacy of these warnings, there is no guarantee that the content of the 
messages they convey, along with the motivational strategies on which 
they are based, are the most effective in preventing tobacco use. In fact, 
a considerable body of literature, drawing from psychology and 
behavioural economics, has demonstrated the remarkable power of 
minor interventions on behaviour (Thaler & Sunstein, 2009). These 
behavioural interventions within the domain of public policy are 
commonly referred to as "nudges", and can have a substantial impact 
despite appearing as minor changes in the choice architecture. We 
therefore present and analyse the results of an experiment aimed at 
assessing the efficacy of new nudge-based positive pictorial warnings 
and messages (as recommended in the literature (Pang et al., 2021)) 
focusing primarily on smokers, nicotine-dependent or not (as recom
mended in the literature (Thrasher et al., 2019)). Our main purpose is 
hence to test whether alternative warnings may outperform regulatory 
ones in leading smokers to quit. In order to evaluate possible side-effects 
(of using these alternative warnings) on non-smokers, such as increased 
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attractiveness of the pack or lack of credibility of the warning, we per
formed this experimental evaluation on both smoking and non-smoking 
populations.

2. Experimental protocol

The experimental protocol consists of two main phases. First, we 
established new warnings and messages. Second, we set up a controlled 
randomized experiment in order to assess their efficacy. The protocol 
has been published in detail (Ben Lakhdar et al., 2020). Patients or the 
public were not involved in the design, or conduct, or reporting, or 
dissemination plans of our research.

2.1. Establishment of pictorial warnings

The text-based and pictorial warnings currently used appeal to 
people’s rationality. They enforce the stress associated with the idea that 
smoking is hazardous for their health and for the health of their friends 
and family. The aim of pictorial warnings is to inform people about the 
health consequences of smoking, and thus to change their behaviour, i.e. 
to incite them not to smoke or to stop smoking, by generating fear or 
strong negative emotions. However, this lever can also have the disad
vantage of triggering reactance in people who smoke (Erceg-Hurn & 
Steed, 2011). To establish new messages and pictorial warnings, we 
chose an alternative approach based on the existing literature in psy
chology and behavioural economics, which has shown that apparently 
minor changes in the environment or the stimuli can have important 
effect on behaviour. This generic idea relates closely to the concept of 
“nudges”, which have been under intense scrutiny in the past years as a 
new tool for public policy. Nudges can be defined as seemingly irrele
vant changes in the architecture of choice that induce people to behave 
more in accordance with their own long-term interest (Thaler & Sun
stein, 2009). Nudges do not rely on the assumption that individual de
cisions result from a fully rational process. As such, nudges can be seen 
as the manipulation of system 1, based on intuitive, involuntary, fast and 
automatic thinking, in contrast with system 2, which is based on ratio
nality, resolution and analysis (Kahneman, 2000).

To design alternative warnings, we selected psychological leverages 
that have already proven effective such as commitment (Kiesler & 
Sakumura, 1966), empowerment (Hertwig & Grüne-Yanoff, 2017; 
Zimmerman, 2000) or cognitive dissonance mechanisms (Dickerson 
et al., 1992; Festinger, 1957). Commitment refers to people’s tendency 
to be engaged via their actions, with possible effects on their attitudes as 
well as on their subsequent behaviours (Joule et al., 2007; Kiesler, 1971; 
Kiesler & Sakumura, 1966). The adoption of a given behaviour may thus 
promote the adoption of other behaviours consistent with it. In this re
gard, committing to an initial behaviour to reduce cigarette consump
tion can encourage further changes, fostering a dynamic of gradual 
reduction or even cessation (Joule, Mugny & Perez, 1988). “Empower
ment refers to the process by which individuals gain influence on events 
and outcomes of importance to them” (Holden et al., 2004). In line with 
the applications of this concept in preventing tobacco consumption 
(Coppo et al., 2020; Holden et al., 2004), the aim is for people to feel like 
they can control their tobacco consumption or even stop smoking. 
Cognitive dissonance refers to the subject’s perception of an inconsistent 
relationship between different types of cognition (e.g. between a 
behaviour such as lighting a cigarette and an intention to stop smoking) 
(Dickerson, Thibodeau, Aronson & Miller, 1992). The perception of 
dissonance can then cause people to feel discomfort, which they try to 
reduce by restoring a consistent relationship between these types of 
cognition. This strategy may in particular lead to changes in behaviour 
in order to make it consistent with the intention to quit smoking, and 
thus reduce or stop tobacco consumption (Glock & Kneer, 2009; Sim
mons et al., 2004). Furthermore, since we know that warnings appealing 
to alternative uses of nicotine (which remain scientifically contested in 
terms of their effectiveness for harm reduction or as smoking cessation 

aids) more strongly modify behaviours than those calling for moderation 
or abstinence (Purmehdi, Legoux, Carrillat & Senecal, 2017), we 
established messages and pictorial warnings based on the use of Elec
tronic Nicotine Delivery Systems (ENDS use).

For each type of approach (commitment [COMM], empowerment 
[EMPO], cognitive dissonance [DISSO] and ENDS use [ENDS]), we 
established five different positive text-based messages and pictorial 
warnings (see Table 1). There are several reasons for this choice. Firstly, 
this number is rather typical in the literature: from four to seven 
warnings are generally submitted to participants (Hoek, Hoek-Sims & 
Gendall, 2013; Moodie, 2018; Gallopel-Morvan et al., 2018; Thrasher 
et al., 2018). Secondly, our intent was not to test the effect of individual 
warnings, but rather the relevance of the motivational levers used to 
construct them (which is tested trough the effect of each group of in
dividual warnings). Thirdly, being confronted with several pictorial 
warnings (of the same type) is more in line with real life conditions. The 
three control groups were: Plain Packs No Warnings [PPNW], Plain 
Packs Conventional regulatory Warnings [PPCW] (i.e. the type of 
warnings that was in effect in real life at the time of the study) and 
Branded Packs Conventional regulatory Warnings [BPCW]. The process 
for choosing the warnings for PPCW and BPCW consisted in using 
pictorial warnings that are no longer in use in France, to prevent po
tential habituation effects (see (Ben Lakhdar et al., 2020) for the details) 
and more generally any effect related to familiarity. On the one hand, 
habituation may mitigate the effect of the conventional warnings; on the 
other hand (Rooke, Malouff & Copeland, 2012), it is also plausible that 
on some measures (e.g. beliefs about the efficacy of the warnings) the 
effect of familiarity may be in the opposite direction, as familiar items 
are often assessed more positively. Using conventional warnings not in 
current use in France should limit this effect.

2.2. Experimental setting

The experiment proceeded as follows. The participants were 
assigned randomly to the different test and control groups. They were 
exposed to five different cigarette packs as a function of the treatment 
groups (see Table 1). It is therefore a between-subject design: the par
ticipants were exposed to only one type of warning. They then respon
ded to various questions about their individual characteristics (sex, age, 
work status, health condition), their risk and time preferences 
(measured using self-assessment scales from 0 to 10 (Dohmen et al., 
2011)1) as well as their smoking behaviour. Participants reporting to 
smoke were asked whether they smoke every day, how many cigarettes 
they smoke per day (<11, 11–20, 21–30, >30), and how soon after 
waking up they smoke their first cigarette (in minutes: <5, 5–30, 31–60, 
>60). A Fagerström score was computed attributing 0 to 3 points to each 
response (0 point for few cigarettes and a long delay for the first ciga
rette, more points as the number of cigarettes increases and the delay 
decreases). A standard interpretation of this score is: <1: no depen
dence; 2–3: moderate dependence; >3: strong dependence (Svicher 
et al., 2018).

The efficacy of warnings was then measured using traditional in
dicators (emotions, reactions, beliefs, perceived efficacy, intentions and 
behaviour, see (Francis et al., 2017)). Participants were asked to rate on 
a scale from 0 to 10: emotions (anger, discomfort, fear) and reactions 
(credibility, thought about health risks, craving) that the warnings 
provoked in them, their beliefs regarding smoking (‘it keeps the weight 
off’; ‘it helps people to relax’; ‘it reduces stress’; ‘I might get one of the 
following diseases in the future: cancer, stroke, cardiovascular disease’), 
the efficacy they perceived in the warning inciting people either not to 
start, or to reduce or to quit smoking (for self and others) and, finally, 

1 Respondents were asked the following questions: “In general, are you a risk- 
taker or a risk-averse person?” and “In general, compared to others, are you a 
person who is willing to give up something now to benefit from it later, or not?”
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Table 1 
Nudge-like and control warnings.
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their intention not to start or to quit.
Lastly, as incentive-compatible behavioural indicator, we elicited 

from the participants the willingness to purchase an item related to 
smoking prevention. For smokers, it was a quitting method book. The 
rationale is simple: an individual motivated to quit should, all things 
equal, value a book presenting a method to quit smoking more highly. 
We retained one of the most famous and commercially successful books 
in this respect (Allen Carr’s Easy way to stop smoking).2 This book is 
obviously mainly of use to people who smoke. For non-smokers, we 
therefore chose to measure the willingness to pay for a donation to an 
anti-tobacco association. The reasoning is the following: acquiring a 
method-to-quit book for a non-smoker would likely be motivated by 
having a related to whom the book could be dedicated. This adds an 
element of heterogeneity not controlled for. We preferred the donation 
to the association, under the hypothesis that donating to such a charity 
will mostly be explained by concerns about the damages of tobacco 
smoking rather than being related to a smoker. As the two “goods” are 
quite different, we refer to “WTP to quit” for smokers (the book), and 
“WTP for public prevention” for non-smokers (the donation). To elicit 
these values, we relied on the Becker-DeGroot-Marschak mechanism 
(Becker, DeGroot & Marschak, 1964), which is widely used for its 
incentive-compatibility. Since this procedure is known to be cognitively 
demanding and often misunderstood by participants, we used a multiple 
price list (Anderson, Harrison, Lau & Elisabet, 2007). The logic is 
straightforward: the participant has to answer several binary choices, 
where the first option is the book (or the donation), and the second one 
is a (varying) monetary amount. Here, we relied on choices where the 
amount varied between 0 and 8 euros (because the actual price of the 
book was 8.30 euros, which was specified in the experiment in
structions). We enforced a single switching point between the two op
tions. We used an iterative procedure with two tables: first, one table 
proposed amounts between 0 and 8 euros; second, a conditional table 
offered amounts between the lower and upper switching points of the 
former table by steps of 0.10 euros. To make the procedure 
incentive-compatible, a number between 0 and 8 was randomly picked 
(with a granularity of 0.10), and the choice made by the participant was 
implemented. It was therefore in the participants’ interest to answer 
truthfully to each question. The WTP is calculated as the average of the 
two amounts between which the participant switches from the book (or 
the donation) to the money option in the second table.

In total, we have 16 indicators. They are summarized in Table 2.
Participants were recruited between 11 June 2021 and 27 June 2021 

from the pool of 3000 participants of the Anthropo-Lab at Institut 
Catholique de Lille. We retained both smokers and non-smokers in the 
sample. Firstly, we wanted to avoid some selection and experimental 
demand effect in the recruitment of participants by emphasizing the 
need to be a smoker to take part in the experiment. Secondly, we wanted 
to assess possible side-effects of a change in warnings for non-smokers: 
the objective of warnings is not only to lead smokers to quit but also 
to prevent non-smokers to start, and changing warnings may have a 
positive effect on smokers but a negative one on non-smokers. Previous 
research highlights significant heterogeneity in how different user 
groups (smokers vs. non-smokers) respond to regulatory messages 
(Rodríguez-Lesmes et al., 2024), underscoring the need to include both 
populations in experimental designs to fully capture the spectrum of 
public response.

The experiment lasted on average 11 min (excluding 3.5 % of 

extreme implausible values). Participants received a show-up fee of 3 
euros and an endowment of 15 euros. As a function of their choices, the 
participants could receive the total amount of the endowment in cash or 
part in cash and part in the form of the item (book or donation) they 
purchased.

The initial registered protocol (Ben Lakhdar et al., 2020) stipulated 
that the experiments would take place in situ, i.e. in the Anthropo-Lab of 
the Institut Catholique de Lille in the last quarter of 2020. Due to the 
health crisis and the numerous lockdowns, we switched to an online 
experiment. However, our results are unlikely to have been affected by 
this change. Indeed, several studies have shown that online and 

Table 2 
List of indicators used to assess the efficacy of warnings.

Indicator Wording of the question Type of measure

Anger Did the packs make you angry, 
annoyed or irritated?

Slider from 0 (not at all) to 
10 (completely)

Discomfort Was it painful to look at these 
packs?

Slider from 0 (not at all) to 
10 (completely)

Fear Did you feel fear, discomfort, 
worry or disgust when looking 
at these packs?

Slider from 0 (not at all) to 
10 (completely)

Credibility Did you find the images and 
texts credible?

Slider from 0 (not at all) to 
10 (completely)

Thought Have the packs presented 
caused you to think about 
health risks?

Slider from 0 (not at all) to 
10 (completely)

Craving Do you feel like smoking or are 
you smoking right now?

Slider from 0 (not at all) to 
10 (completely)

Belief (weight) Smoking keeps the weight off. Slider from 0 (strongly 
disagree) to 10 (strongly 
agree)

Belief (disease) I may have one of the following 
diseases in the future (cancer, 
stroke, cardiovascular 
disease).

Slider from 0 (strongly 
disagree) to 10 (strongly 
agree)

Belief (relax) Smoking helps people relax. Slider from 0 (strongly 
disagree) to 10 (strongly 
agree)

Belief (stress) Smoking reduces stress. Slider from 0 (strongly 
disagree) to 10 (strongly 
agree)

Efficacy to reduce If the packs presented were 
marketed, they would be 
effective in encouraging young 
people to smoke less/reduce 
their tobacco consumption.

Slider from 0 (not at all) to 
10 (completely)

Efficacy to quit 
(others)

If the packs presented were 
marketed, they would help 
others to quit smoking.

Slider from 0 (not at all) to 
10 (completely)

Efficacy not to 
start

If the packs presented were 
marketed, they would be 
effective in preventing young 
people from starting to smoke.

Slider from 0 (not at all) to 
10 (completely)

Efficacy to quit 
(self)

If the packs presented were 
marketed, they would help me 
to quit smoking. (for smokers 
only)

Slider from 0 (not at all) to 
10 (completely)

Intention (to quit 
or not to start)

Is it feasible for you to try to 
quit smoking permanently 
within the next month (30 
days)? (for smokers) 
Do you think you will smoke a 
cigarette in the next 12 
months? (for non-smokers)

Slider from 0 (not at all) to 
10 (completely) 
For non-smokers, the coding 
was reversed in the analyses to 
reflect the intention not to 
start smoking.

Willingness-to- 
pay 
(to quit/for 
public 
prevention)

For each price shown (between 
0 and 8), would you prefer to 
receive money or a book to 
help you stop smoking? (for 
smokers) 
For each price shown (between 
0 and 8), would you prefer to 
receive money or make a 
donation to an anti-tobacco 
association? (for non-smokers)

Multiple price list from 0 to 
8+

2 This is not an endorsement of the effectiveness of this book and method. 
Some criticisms have been made by scientists in the field about this method, 
especially regarding a possible underestimation of the biological basis of to
bacco addiction. Yet, it is noteworthy that some randomized controlled studies 
have shown efficiency in this method, and that the book’s use is approved by 
the NHS. Source: https://www.nice.org.uk/guidance/ng209 Retrieved 9 May 
2025.
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in-laboratory experiments yield similar behavioural results. This has 
been demonstrated by comparing identical experimental designs 
administered to the same subjects under different test-taking modes 
(Hergueux & Jacquemet, 2015). In the case of interactive 
between-subject experiments, the only notable difference observed was 
a higher abandonment rate in the online condition, which was attributed 
to exogenous factors (Arechar, Gächter & Molleman, 2018). Snowberg 
and Yariv (2021) also report minimal behavioural differences between a 
student sample in a laboratory setting and a general population in an 
online setting. If they exist, these differences can be easily controlled 
through appropriate statistical treatment.

2.3. Data analysis

The main data analysis relies on the mean scores for the 16 measures 
of efficacy collected in our study (15 measures on scales from 0 to 10 and 
one measure in euros) per treatment group and smoking status. We 
tested the equality of means across conditions using Kruskal-Wallis tests, 
due to the non-normality of some of our measures. We also performed 
Kruskal-Wallis tests on a restricted set of conditions, removing BPCW in 
order to test differences when only the warning type varies (and not the 
branding/neutral pack). We reported the result of these second tests 
only when they differ from the first one.

As a robustness test, in order to check whether our findings could be 
in part explained by variations in the composition of the subsamples, we 
ran several econometric regressions on the main variables of interest: 
perceived efficacy (not to start, to reduce and to quit), intention and the 
two WTPs. We employed several specifications and models. We relied on 
plain Ordinary Least Squares (OLS) for all dependent variables, but 
added a Tobit model for the WTPs, because of the censored nature of this 
variable (the actual WTP can theoretically be greater than 8, but these 
values cannot be observed). Note that for WTPs, we run pooled re
gressions (i.e. we do not distinguish between WTP to quit and WTP for 
smoking prevention) as the Smoking variable, and its interaction with 
treatments, allow us to distinguish the effect of both types of WTP. These 
analyses were conducted both without controls and with the inclusion of 
socio-demographic, behavioural, and health controls. That amounted to 
12 regressions. We only reported the results for the coefficients associ
ated with the experimental conditions. Analyses were performed using 
R, version 4.1.2.

3. Results

3.1. Sample characteristics

There were 860 participants. Their main characteristics are sum
marized in Table 3. They were mostly females (76 %), young (mean of 
22.5 years old) and students (66 %). Slightly less than half of them (42 
%) reported being in very good health. Overall, participants were 
moderate risk takers (mean score of 5.6) and quite patient (mean score 
of 6.7). Thirty-nine percent reported smoking. Among them, only 30 % 
smoked daily and only 11 % were dependent in the Fagerström sense 
(see Figure A1.1 in the Appendix for histograms of Fagerström scores by 
treatment).

Fig. 1 shows the mean scores (and 95 % confidence interval in the 
form of error bars) for all measures of efficacy of the warnings. We 
analyse them below, starting with the emotion and reaction related 
measures, then moving on to beliefs and perceived efficacy, and finally 
to intentions and WTP. Note that additional descriptive statistics (mean, 
median, standard deviation, minimum, maximum and confidence in
terval) regarding these variables are provided in the Appendix (see table 
A1.1). The Appendix also contains a series of Figures (A1.2 to A1.17) 
detailing the distribution of each outcome variable by treatment and 
smoking category.

3.2. Emotions and reactions

The warnings generated rather low anger scores. The conventional 
warnings caused the most anger, whether on branded packs (BPCW) or 
on plain packs (PPCW), with the latter causing the highest scores (χ2=66 
(df:6), p<.0001). The groups exposed to PPCW and BPCW packs also had 
the highest scores for discomfort and fear. Both participants who smoke 
and participants who don’t smoke gave higher scores when confronted 
with conventional regulatory warnings, whether presented on plain or 
branded packs (for discomfort, χ2=317, p<.0001, and for fear, χ2=393, 
p<.0001). The difference with other treatments is quite striking: ques
tions about fear and discomfort generate very low response levels for all 
other treatments (ranging from 0.91 to 2.96 for non-conventional 
warnings or no warning for fear, and from 0.79 to 2.27 for discom
fort). In contrast, conventional warning treatments yield much higher 
levels, usually above 5. This is to be expected, as conventional warnings 
focus on the negative consequences of smoking, which are likely to cause 
fear. Our alternative warnings, however, were explicitly targeting 
different motivational levels, as we argued. Overall, it seems fair to 
conclude that conventional regulatory warnings generated the strongest 
emotional reactions, as intended by design.

Exposure to the different warning types gave the participants almost 
no desire to smoke (‘craving’ graph), and we observed no significant 
difference as a function of the warning type (χ2=6.21, p=.401), even 
when restricting the sample to individuals who smoke (χ2=6.36, 
p=.384).

All warning types were deemed credible by the participants, with the 
reassuring exception of the PPNW, which do not correspond to a pack
age format that can be found for sale (χ2=147, p<.0001). It is note
worthy that the ENDS use approach was not deemed very credible by 
non-smoking participants. The highest scores were again found in the 
groups exposed to PPCW and BPCW, even though the warnings we 
created also appeared credible to the participants, particularly those 
from the Empowerment and Cognitive Dissonance groups. Similar re
sults were found (χ2=220, p<.0001) when we looked at whether the 
warning types caused the participants to think about smoking and its 
consequences: the PPCW and BPCW groups caused participants to think 

Table 3 
Sample characteristics.

FULL SAMPLE (N = 860)

% Mean (Std. 
Dev.)

[Min; 
Max]

Female 75.7 ​ ​
Age (continuous) ​ 22.5 (5.9) [17; 74]
Young (<25) 84.0 ​ ​
Work status ​ ​ ​

Student 65.9 ​ ​
Apprentice or in paid internship 13.4 ​ ​
Employed 15.9 ​ ​
Unemployed 3.0 ​ ​
Other 1.7 ​ ​

Health condition ​ ​ ​
Very good 41.5 ​ ​
Good 45.0 ​ ​
Quite good 11.6 ​ ​
Bad 1.5 ​ ​
Very bad 0.4 ​ ​

Risk preference (0–10 scale) ​ 5.6 (2.5) [0; 10]
Time preference (0–10 scale) ​ 6.7 (2.4) [0; 10]
Participants who smoke 38.6 ​ ​
SAMPLE OF PARTICIPANTS WHO SMOKE (N = 332)
​ % Mean (Std. 

Dev.)
[Min; 
Max]

Participants who smoke daily 30.4 ​ ​
Fagerström test score (0–6 scale) ​ 0.4 (1.1) [0; 5]
Participants who are nicotine-dependent 

(Fagerström score >1)
11.7 ​ ​

In bold: variables used as controls in the regressions.
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Fig. 1. Mean measure scores per smoking status and per group (measured on a scale from 0 to 10, except the WTP which is in €; error bars represent the 95 % CI).
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the most about smoking and its consequences, though the Cognitive 
Dissonance group also yielded high scores.

3.3. Beliefs and perceived efficacy

Regarding the four measures related to beliefs, we observed no 
impact of experimental conditions (p>.10 for all Kruskal-Wallis tests), 
even though smoking and non-smoking individuals may differ in their 
views, but not based on the warning types they were exposed to.

More interestingly, perceived efficacy seemed to differ quite strongly 
across treatments. The first result is that for the three measures that 
apply to the whole sample, tests clearly rejected the equality of means 
(χ2=49.61, p<.0001 for efficacy to reduce; χ2=69.48, p<.0001 for ef
ficacy to quit for others; χ2=68.63, p<.0001 for efficacy not to start). In 
each case, the highest means were obtained by PPCW. As the tests 
restricted to the sample without the PPNW and the BPCW yielded the 
same levels of significance, these results indicate that the conventional 
regulatory warnings performed better than at least some of the other 
types of warnings tested. The only one that may compete with the reg
ulatory warnings is the one based on empowerment: although it scored 
lower in the three perceived efficacy measures, it was quite close to 
PPCW in terms of efficacy to quit for others (4.16 and 4.15). These 
general findings remained true when we restricted the analysis to par
ticipants who smoke. In particular, the perceived efficacy to quit for 
oneself (which was only asked in this subsample) yielded significant 
differences (χ2=38.52, p<.0001). Note though that when excluding 
PPNW and BPCW, no difference was found (χ2=6.07, df:4, p=.194), 
suggesting that the difference is mostly between warnings and no 
warnings. In this particular case, the Empowerment condition yielded a 
mean of 4.13 against a mean of 4.15 for PPCW. In terms of efficacy, it 
seems that warnings in general do have an impact, especially the con
ventional regulatory warnings which performed the best for all mea
sures. No alternative warnings seemed to fare better than the regulatory 
ones, even though those based on empowerment generated an almost 
equivalent perceived efficacy for some measures.

3.4. Intentions and WTPs

Intentions to quit among smokers were slightly influenced by the 
experimental conditions, with the sample showing a weakly significant 
difference (χ2=11.53, p=.073). However, this effect is slight, as the same 
test on the restricted sets of experimental conditions did not yield any 
significant p-value. Unsurprisingly perhaps, the results for non-smoker 
are non-significant, leading to a non-significant difference on the 
whole sample of smokers and non-smokers (χ2=8.52, p=.202). Again, 
the PPCW generated the highest intentions, or at least no alternative 
warning generated higher intentions.

The WTPs revealed a somewhat similar picture. As a first pass, we 
pooled the two WTPs (to quit and for public prevention). The Kruskal- 
Wallis test revealed no significant difference across treatments 
(χ2=4.181, p=.652), with the highest two means being for PPCW (3.24) 
and Commitment (3.45). A Wilcoxon rank-sum test between these two 
conditions was not significant (W = 7407, p=.546). Now, focusing on 
WTP to quit, as the new warnings are supposed to apply primarily to 
people who smoke, we carried out the same kind of analysis on the 
smoking subsample. We obtained qualitatively similar results with no 
significant differences across treatments (χ2=5.10, p=.192): the highest 
scores were obtained by the PPCW and COMM conditions, at 2.77 and 
2.37 respectively (W = 1106, p=.564). These are to be compared with 
other average values, which range from 1.42 (BPCW) and 2.10 (PPNW). 
These minor differences appear to be better explained by random fluc
tuations rather than any convincing effect. This hypothesis is further 
supported by the fact that focusing on the subsample of non-smokers and 
WTP for public prevention does not yield a fully convergent picture: the 
two highest average WTP values in this case are for BPCW and COMM 
(4.24 for both), with little variation from other treatments, as the WTP 

ranges from 3.36 (DISSO) to 3.83 (EMPO).

3.5. Robustness

Table 4 provides the estimated coefficients for the experimental 
condition variables for the 12 regressions performed. It very much 
confirms the previous findings: in no case did we observe that an 
alternative type of warning outperformed the conventional regulatory 
ones, and in many cases, the conventional regulatory ones did signifi
cantly better than the newly designed ones. For the perceived efficacy, 
PPCW did better than any alternative, even though the newly designed 
warnings seemed to have a significant effect, at least on the perceived 
efficacy to quit. For the measure of intention, it appears clear that par
ticipants who do not smoke were not affected. Overall, their intention 
not to smoke is very high and varies little. However, participants who do 
smoke seemed affected, in particular by PPCW, which is again the 
treatment associated with the highest estimated coefficient. Most of the 
other treatments, in particular Cognitive Dissonance, also had an 
impact. It seemed, on the contrary, that the WTP measure tended to 
flatten responses and as a consequence, no treatment seemed to have a 
significant effect. Note that the composition of our sample does not 
allow us to test the effect of nicotine dependence (e.g. using an inter
action term Fagerström score*treatment) because we have too few 
heavy smokers in total and therefore within each treatment group.

4. Discussion

Overall, the reactions provoked by the new warnings were not as 
robust as anticipated. Since the study was powered to detect moderate 
effects (Ben Lakhdar et al., 2020), this result is unlikely to be attribut
able to low statistical power. Moreover, in the context of the experiment, 
conventional regulatory warnings were expected to have less immediate 
impact, especially on intentions, because of the lack of novelty of the 
information and type of graphics conveyed in comparison with the new 
warnings. As a consequence, the fact that no new warning types 
generated an additional intention to quit (or not to start) supports the 
view that they had less of an impact than the regulatory warnings.

While some of the observed limited effects were expected, it is crucial 
to consider various factors that could have contributed to these out
comes. Firstly, the new types of warning sought to convince people they 
can reduce or quit smoking. Hence, they focused on persons who smoke 
and those who do not should not be particularly affected. Secondly, 
these new warnings were not designed to generate specific emotions, 
even indirectly, such as fear, anger or discomfort (with even the opposite 
aim for some of them). Yet, even when taking this into account, the 
reaction to the new warnings was still somehow relatively weak: none of 
those warnings exceeded or even equalled the conventional regulatory 
warnings in terms of thought-provoking impact and credibility 
(although on average they fared much better for these measures than for 
others). It is also worth noting that ENDS-related warnings were 
perceived as less credible, particularly among non-smokers, indicating 
widespread scepticism regarding the role of vaping in smoking cessa
tion. This underscores the importance of clinically validating these 
methods before advocating for a transition to ENDS.

Finally, despite the benefit of novelty and the fact that they are larger 
and more visible, no alternative set of warnings outperformed conven
tional regulatory warnings. Some new sets of warnings may have yielded 
scores not significantly different from those obtained by the regulatory 
warnings, but they varied with the measures chosen (intentions, WTP, 
perceived efficacy). Based on these data, it seems appropriate to 
conclude that the evidence shows clearly that the regulatory warnings 
are those that, for all measures, seem to perform at least as well as all 
others, if not significantly better. This general finding contrasts with 
Hoek et al. (2013), who used a qualitative approach to show that new 
warnings based on immediate social risks are effective in young adult 
smokers (aged 18 to 30). It is however consistent with Waheed (2023)
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who concludes that “policy makers do not necessarily have to be con
cerned with whether smoking cessation messages are framed in terms of 
gains or losses”.

Evidence is thus so far mixed and further research is needed. In 
particular, while none of the alternative warning types we tested 
consistently outperformed conventional ones, it remains possible that 
certain alternative motivational warnings could prove valuable for 
specific subpopulations, through improved designs, or as a complement 
to existing warnings. For instance, cognitive dissonance may influence 
smokers’ intentions to quit (see Table 4, the coefficient associated with 
the interaction of smoking and COMM), while also having, as certain 

other alternative warning types (e.g. empowerment), a positive effect on 
some efficacy measures. This is very speculative and would require 
further studies, as the evidence is relatively weak and based on a small 
corresponding subsample.

5. Conclusion

Tobacco control policies that involve the implementation of stan
dardized packs and the placement of health warnings about the conse
quences of tobacco consumption have been found to be effective and 
relevant. An open question is whether these particular types of warnings 

Table 4 
Estimated coefficients from the econometric analyses.

Efficacy not to start Efficacy to reduce Efficacy to quit (others)

OLS, no controls OLS, controls OLS, no controls OLS, controls OLS, no controls OLS, controls

PPNW ref ref ref ref ref ref
BPCW 0.88* 

(0.45)
0.92* 
(0.45)

1.54*** 
(0.47)

1.61*** 
(0.47)

1.44*** 
(0.43)

1.48*** 
(0.43)

PPCW 1.99*** 
(0.43)

2.03*** 
(0.43)

2.31*** 
(0.45)

2.36*** 
(0.45)

2.36*** 
(0.41)

2.41*** 
(0.42)

COMM − 0.75 
(0.44)

− 0.64 
(0.45)

0.45 
(0.47)

0.60 
(0.47)

0.88* 
(0.43)

1.00* 
(0.43)

DISSO 0.07 
(0.45)

0.15 
(0.46)

0.96* 
(0.47)

1.03* 
(0.48)

1.31** 
(0.44)

1.39** 
(0.44)

EMPO − 0.08 
(0.43)

0.01 
(0.44)

1.08* 
(0.45)

1.21** 
(0.45)

1.83*** 
(0.42)

1.93*** 
(0.42)

ENDS − 0.87* 
(0.44)

− 0.76 
(0.44)

0.83 
(0.46)

0.97* 
(0.47)

1.05* 
(0.42)

1.17** 
(0.43)

Smoking − 0.19 
(0.48)

− 0.04 
(0.48)

− 0.26 
(0.49)

− 0.19 
(0.50)

− 0.11 
(0.46)

− 0.01 
(0.46)

Smoking 
x BPCW

− 0.08 
(0.69)

− 0.17 
(0.69)

− 0.29 
(0.72)

− 0.39 
(0.72)

− 0.58 
(0.66)

− 0.58 
(0.67)

Smoking 
x PPCW

− 0.83 
(0.70)

− 0.91 
(0.71)

− 0.11 
(0.73)

− 0.18 
(0.73)

− 0.47 
(0.68)

− 0.57 
(0.67)

Smoking 
x COMM

0.22 
(0.68)

0.11 
(0.68)

0.92 
(0.71)

0.73 
(0.71)

1.04 
(0.65)

0.91 
(0.65)

Smoking 
x DISSO

0.34 
(0.69)

0.30 
(0.69)

0.51 
(0.71)

0.51 
(0.71)

0.13 
(0.66)

0.09 
(0.66)

Smoking 
x EMPO

0.80 
(0.68)

0.71 
(0.69)

1.23 
(0.71)

1.08 
(0.71)

1.03 
(0.65)

0.93 
(0.66)

Smoking 
x ENDS

0.53 
(0.73)

0.37 
(0.73)

0.54 
(0.76)

0.29 
(0.76)

0.10 
(0.70)

− 0.05 
(0.70)

Intention Willingness-to-pay

OLS, no controls OLS, controls OLS, no controls OLS, controls Tobit, no controls Tobit, controls

PPNW ref ref ref ref ref ref
BPCW − 0.47 

(0.48)
− 0.44 
(0.48)

0.44 
(0.47)

0.39 
(0.47)

0.49 
(0.62)

0.46 
(0.62)

PPCW − 0.76 
(0.46)

− 0.78 
(0.46)

− 0.34 
(0.45)

− 0.29 
(0.45)

− 0.52 
(0.60)

− 0.43 
(0.59)

COMM − 0.69 
(0.48)

− 0.70 
(0.48)

0.45 
(0.47)

0.46 
(0.46)

0.55 
(0.63)

0.57 
(0.61)

DISSO − 0.98* 
(0.49)

− 0.92 
(0.49)

− 0.43 
(0.48)

− 0.47 
(0.48)

− 0.66 
(0.63)

− 0.68 
(0.63)

EMPO − 0.27 
(0.47)

− 0.26 
(0.47)

0.04 
(0.45)

− 0.07 
(0.45)

− 0.02 
(0.60)

− 0.16 
(0.60)

ENDS − 0.51 
(0.47)

− 0.53 
(0.48)

− 0.38 
(0.46)

− 0.35 
(0.46)

− 0.58 
(0.61)

− 0.49 
(0.61)

Smoking − 4.52*** 
(0.51)

− 4.42*** 
(0.51)

− 1.69*** 
(0.50)

− 1.71*** 
(0.50)

− 2.13** 
(0.66)

− 2.12** 
(0.66)

Smoking 
x BPCW

0.78 
(0.74)

0.75 
(0.74)

− 1.12 
(0.72)

− 0.96 
− 0.72)

− 1.52 
(0.98)

− 1.31 
(0.97)

Smoking 
x PPCW

3.30*** 
(0.76)

3.24*** 
(0.75)

1.00 
(0.74)

1.03 
(0.73)

1.21 
(0.98)

1.22 
(0.97)

Smoking 
x COMM

1.55* 
(0.73)

1.48* 
(0.73)

− 0.19 
(0.71)

− 0.09 
(0.71)

− 0.18 
(0.95)

− 0.09 
(0.94)

Smoking 
x DISSO

2.39** 
(0.74)

2.36** 
(0.74)

0.31 
(0.72)

0.37 
(0.71)

0.51 
(0.96)

0.55 
(0.95)

Smoking 
x EMPO

1.46* 
(0.73)

1.34 
(0.74)

− 0.34 
(0.71)

− 0.12 
(0.71)

− 0.58 
(0.96)

− 0.32 
(0.96)

Smoking 
x ENDS

1.85* 
(0.78)

1.75* 
(0.78)

− 0.28 
(0.76)

− 0.23 
(0.76)

− 0.33 
(1.03)

− 0.31 
(1.02)

*** p-value<1 %; **<5 %; *<10 %. ‘Controls’ refers to the set of socio-demographic, behavioural and health variables described in Table 3.
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(based on information and negative emotions) are the most effective in 
deterring smoking. Our experiment was designed to compare the per
formance of a new set of alternative warnings with that of conventional 
ones. Our findings support the view that the existing regulatory warn
ings are more effective in helping people not to smoke than the four 
alternative types of warnings we designed based on very well docu
mented findings in the psychology literature: cognitive dissonance, 
empowerment, commitment and ENDS use. Even when focusing on 
participants who smoke, to whom these alternative warnings were most 
specifically targeted, the current regulatory warnings seem to do better 
in stopping or reducing tobacco use.

Yet, for some measures, two new sets of warnings presented 
noticeable effects that merit further study and possible use in future 
smoking prevention policies as a complement to conventional regula
tory warnings: cognitive dissonance and empowerment. It may be the 
case that combinations of different types of warnings could be more 
effective than a single one, or that alternative warnings of these types 
may perform well on some subpopulations (e.g., people who smoke 
heavily). These might constitute important avenues for future research 
in order to improve the general efficacy of warnings in the prevention of 
tobacco use.
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