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Abstract
Objective: The use of pictorial warning labels on cigarette packages is one of the provisions included in the first ever global
health treaty by the World Health Organization against the tobacco epidemic. There is substantial evidence demonstrating
the effectiveness of graphic health warning labels on intention to quit, thoughts about health risks and engaging in
cessation behaviors. However, studies that address the implicit emotional drives evoked by such warnings are still
underexplored. Here, we provide experimental data for the use of pictorial health warnings as a reliable strategy for tobacco
control.
Methods: Experiment 1 pre-tested nineteen prototypes of pictorial warnings to screen for their emotional impact.
Participants (n = 338) were young adults balanced in gender, smoking status and education. Experiment 2 (n = 63) tested
pictorial warnings (ten) that were stamped on packs. We employed an innovative set-up to investigate the impact of the
warnings on the ordinary attitude of packs’ manipulation, and quantified judgments of warnings’ emotional strength and
efficacy against smoking.
Findings: Experiment 1 revealed that women judged the warning prototypes as more aversive than men, and smokers
judged them more aversive than non-smokers. Participants with lower education judged the prototypes more aversive than
participants with higher education. Experiment 2 showed that stamped warnings antagonized the appeal of the brands by
imposing a cost to manipulate the cigarette packs, especially for smokers. Additionally, participants’ judgments revealed
that the more aversive a warning, the more it is perceived as effective against smoking.
Conclusions: Health warning labels are one of the key components of the integrated approach to control the global
tobacco epidemic. The evidence presented in this study adds to the understanding of how implicit responses to pictorial
warnings may contribute to behavioral change.
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The Framework Convention on Tobacco Control, the first
international public health treaty initiated by the World Health
Organization, represents the most significant tobacco control
initiative to date. The treaty considers tobacco an epidemic, and
the transnational tobacco corporations, by their actions to
maximize global tobacco consumption, as a ‘‘vector’’ of this
epidemic. The use of prominent pictorial health warning labels on
cigarette packages is one of the provisions included in the
Framework Convention on Tobacco Control (FCTC) [3].
Adoption of the FCTC recommendations has been partially
prevented by political and judicial obstacles orchestrated by
tobacco corporations [4], including denying their advantage and
effectiveness [5]. For example, a supposed lack of evidence that
graphic health warning labels would act on behalf of tobacco

Introduction
The four leading non-communicable diseases, cardiovascular
disease, cancer, chronic respiratory disease and diabetes, represent
a leading threat to human health and development. According to
the World Health Organization (WHO) [1], these four diseases are
the world’s biggest killers, causing 60% of all deaths globally and
80% in low- and middle-income countries. Up to 80% of heart
disease, stroke, type 2 diabetes and over a third of cancers could be
prevented by eliminating shared risk factors, mainly tobacco use,
unhealthy diet, physical inactivity and the harmful use of alcohol.
In fact, in 2011, tobacco control was identified as the ‘‘most urgent
and immediate priority’’ to reduce non-communicable diseases
[2].
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control was used as allegation for the unconstitutionality of this
FCTC recommendation in the United States [6].
There is substantial evidence favoring the effectiveness of
graphic health warnings on intentions to quit, thoughts about
health risks and engaging in cessation behavior [7–10]. However,
an approach that addresses the implicit emotional drives evoked
by these warnings is underexplored. Indeed, a recent review on
health warning labels noted the need to fill a remaining research
gap, the one on implicit responses evoked by exposure to pictorial
warnings [11]. A vast body of research on the neurobiology of
emotion demonstrates that looking at pictures implicitly affects
attitudes and behaviors; pleasant and unpleasant pictures evoke
emotions of attraction and aversion, respectively, the magnitudes
of which correlate with the strength of the affective content [12].
The tobacco industry has long employed pleasant images to attract
consumers. Grounded on studies of the emotional impact of
picture viewing, graphic pictorial warnings are a clear way to
dismantle the pleasurable appeal and attenuate the implicit lure of
cigarette packs. As an additional benefit, the graphic warnings aim
to facilitate the cognitive appraisal of the depicted information
about smoking hazards.
The major aim of the present study is to extend the existing
literature by providing experimental data on implicit drives.
Furthermore, we present evidence that pictorial health warnings
are a reliable strategy for policies regarding the control of tobacco
products.
The study took place in Brazil, the second country (after
Canada) to introduce pictorial warnings on cigarette packs.
Cigarette packages and other tobacco-related products in Brazil
must carry health warnings containing color pictures covering
100% of one face of the package. The smoking rate in Brazil has
decreased by approximately 50% from 1989 to 2008 [13]. Brazil
implemented the first set of pictorial warnings in 2002 and the
second set in 2004.
For the third set, released in 2009, the whole process (from
planning and producing to testing) was grounded on a pioneering
strategy that involved the union of expertise on experimental
psychology, neuroscience, public health and design [14]. Here, we
present experimental testing of warnings in the prototype phase
(Experiment 1) and when released on cigarette packs (Experiment
2).

third set of Brazilian warnings. The experimental evaluation of
these prototypes was based on the valence/arousal protocol for
rating affective pictures [15].

Methods
Ethics statement. This study was approved by the Ethics
Review Board of the Federal University of Rio de Janeiro (Brazil).
All participants provided written informed consent before
assessment.
Participants. Volunteers (n = 338) from 18 to 24 years old
were recruited from a registry of movie extras. Selection criteria
aimed to balance the sample in gender (168 women), smoking/
non-smoking status (154 smokers), and education (incomplete
elementary school, n = 99; high school, n = 117; university,
n = 122).
The connection between the experimental session and the
tobacco control program was not made explicit to the participants.
Stimuli and apparatus. Prototype warnings consisted of 19
digital pictures. In addition to the prototypes tested, we employed
75 pleasant, neutral and unpleasant pictures taken from the
‘‘International Affective Picture System’’ [15] catalog.
The experiment was conducted in a dimly lit room with
comfortable desks placed in rows in front of a slide projection
screen. Desks were arranged in such a manner that the screen was
perfectly visible to every participant. A computer-projector system
controlled the presentation timing of each picture. The presentation order of the 94 pictures was pseudo-randomized. No more
than 40 participants performed the test simultaneously.
Evaluation scale. Participants were asked to rate each
picture along the dimensions of hedonic valence and emotional
arousal using the paper-and-pencil version of the Self- Assessment
Manikin [16]. The scale of the hedonic valence dimension is
composed of pictorial drawings of manikins with expressions
ranging from ‘‘smiling-happy’’ to ‘‘frowning-unhappy’’. For the
arousal dimension, the expressions of the manikins range from an
excited, wide-eyed figure to a relaxed, sleepy figure. Before the
start of the experimental session, a didactic video explained the
upcoming task.
Procedure. Each rating trial began with a preparation slide
(‘‘Get ready to rate the next image’’) that lasted for 3 s and was
followed by a 6 s picture observation period. During the next 10 s,
participants were asked to rate the picture along the dimensions of
hedonic valence and emotional arousal using the paper-and-pencil
version of the Self- Assessment Manikin scales [16].
Data analysis. For analysis purposes, the ratings in the
hedonic valence dimension were converted to numbers ranging
from 24 (extremely unpleasant) to +4 (extremely pleasant), with 0
being neutral. The ratings in the emotional arousal dimension
were converted to numbers ranging from 1 (low arousal) to 9 (high
arousal). The average ratings from the participants were computed
for each prototype and displayed in Cartesian coordinates with
valence along the y-axis and arousal along the x-axis (see [22]).
The x and y coordinates for each prototype were mathematically
combined and transformed into a vector representing the degree
of aversion attributed to each picture. The magnitudes of the
vectors for each prototype were compared between SMOKERS
and NON-SMOKERS and between MEN and WOMEN using
Student’s t-test. To compare vector magnitudes for each prototype
based on the participants’ educational levels (ELEMENTARY/
HIGH SCHOOL/UNIVERSITY), we used a repeated measures
ANOVA with a Fischer post-hoc test.
In all analyses, the statistical threshold for significance was a pvalue of 0.05.

Experiment 1
The casings of cigarettes are carefully elaborated to attract
consumers and to mask the harmful effects of tobacco. Pictorial
warning labels stamped on packages are sought to undo this
appeal and uncover the health risks associated with the product.
Lang and collaborators developed a standard catalog of
pictures, the International Affective Picture System [15], to use
in psychophysiological studies of emotion; and a scale, the SelfAssessment Manikin [16], to directly assess the pleasantness/
unpleasantness (hedonic valence) and emotional arousal associated
with each picture. The ratings obtained from this scale correlate
with several physiological and behavioral reactions to the pictures
and can be considered, to some extent, an index of the implicit
emotional activation of the appetitive (‘‘attraction’’) and defensive
(‘‘rejection’’) systems [12].
Among the unpleasant and arousing pictures, it is well
established that those depicting injuries to the body are the most
impactful; they significantly capture attention, interfere with other
tasks and induce defensive-like reactions (see [17–21]). These
findings motivated the selection of graphic scenes of tobaccorelated harms to produce nineteen pictorial prototypes for the
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Evaluation scales. Valence and arousal ratings for each
warning displayed on the packs were assessed by the SelfAssessment Manikin [16].
Based on Fong et al. [28], the effectiveness of the warning for
smoking prevention and for smoking cessation were separately
evaluated on 10-point scales ranging from ‘‘not effective at all’’ to
‘‘very effective’’.
Apparatus. The experiment was conducted in a dimly lit
room and employed the ‘‘Box for Interaction with Objects’’ (BIO)
[26], a device designed to trigger an almost instantaneous onset of
an object’s (cigarette pack) appearance. The BIO is a prismshaped hollow box. The participant was seated facing the front of
the BIO with the arms resting on its inner base. A reflective film
prevented the participant from seeing the pack inside the BIO
unless it is illuminated from within. The experimenter sat behind
the BIO and controlled the visibility by turning the internal lights
on and off. Cigarette packs were placed on a holder so that only
the brand face or the warning face was exposed during each test
(Figure 1A).
Procedure. Each test began with the participant resting the
dominant hand on a weight sensor, keeping the holder in his/her
hand. With the internal lights of the BIO turned off, the
experimenter inserted a cigarette pack into the holder. Upon its
illumination (see Figure 1A), the participant was instructed to
quickly flex the arm, bringing the pack closer to his/her body. The
release of the weight sensor signaled the start of the movement,
allowing measurement of the reaction time. When the participant
returned the holder to the initial position, the experimenter turned
off the internal lights and changed the cigarette pack, and a new
test began using a different pack. The sequence of appearance of
the 20 different packs (displaying warnings or brands) was
randomized prior to each experimental session.
After the behavioral session, there was a short interval to change
the setup for the evaluation session. A frame designed to
accommodate one pack was fixed inside the BIO. With the
internal lights off, the experimenter placed a pack displaying a
warning into the frame. A booklet positioned next to the frame was
used to record the participant’s ratings. The warning face was
made visible for approximately 6 seconds, subsequently the
participant filled out the evaluation. The experimenter then
turned off the internal lights, changed the cigarette pack and a new
test began.
Data analysis. For the behavioral session, the parameter
examined was the latency (reaction time) to start the movement of
bringing the pack closer to the body. For each participant, we
determined the median reaction time for warnings and for brands.
Separate tests were conducted for smokers and non-smokers. As
the data did not show a normal distribution, we used the Wilcoxon
matched-pairs signed-ranks test for the analysis.
For the evaluation session, valence (ranging from 24 to +4) and
arousal (ranging from 1 to 9) ratings attributed to each warning
were averaged across participants and displayed in Cartesian
coordinates with the mean valence on the y-axis and mean arousal
on the x-axis. These values were combined and transformed into a
vector whose magnitude indicated the degree of aversion
attributed to each warning. For each warning, we also computed
the average ratings attributed to its effectiveness in smoking
prevention and its effectiveness in smoking cessation.
The degree of aversion (combination of arousal and valence
ratings) of each warning (AVERSION) was compared with
judgments of its effectiveness in smoking prevention (PREVENTION), and in smoking cessation (CESSATION); using Pearson’s
correlations. Separate tests were conducted for smokers and nonsmokers.

Results
All prototypes were rated as unpleasant. The mean valence for
the prototypes was 22.3 (60.58) (range: 21.4 to 23.5) and mean
arousal was 5.5 (60.50) (range: 4.7 to 6.5).
WOMEN judged the warning prototypes more aversive than
MEN (Student’s t-test, t (18) = 4.02; p,0.05). SMOKERS judged
them more aversive than NON-SMOKERS (Student’s t-test, t
(18) = 3.39; p,0.05). Education (ELEMENTARY/HIGH
SCHOOL/UNIVERSITY) also affected the ratings (F (2,
36) = 15.06; p,0.05). Post-hoc analyses showed that the three
educational levels differed significantly from each other. Participants with incomplete high school or incomplete elementary
school educations rated the prototypes as more aversive than the
participants with the highest educational level.
Judgments of emotional impact were a major criterion for the
selection of the pictures to be used as the third set of warnings on
cigarette packages in Brazil. These warning pictures were tested in
Experiment 2.

Experiment 2
Researchers have posited that all experience is continually
evaluated as either positive or negative. Any positively evaluated
stimulus produces motor preparedness for bringing it closer, while
negatively evaluated stimuli produce motor preparedness to repel
it [23–25].
The relevance of cigarette packages as a primary instrument for
tobacco promotion has increased, and packages have become
more attractive. Smokers usually manipulate the pack every time
they smoke (20 cigarettes a day corresponds to 7300 manipulations
during a year). Could graphic warnings interfere with the
automatic motor preparation to manipulate attractive packs?
We addressed this question by testing the third set of Brazilian
warnings on the packs. We applied an innovative experimental setup [26] which allowed assessment of reactions when individuals
interact with emotion-laden objects, such as a cigarette pack.
Through this approach, we investigated the interference of these
warnings on the ordinary attitude of cigarette pack’s manipulation,
expected to be more relevant to smokers (as compared to nonsmokers). Additionally, we gathered each participant’s judgment of
the warning’s emotional strength and the ability of the warning to
prevent smoking and promote smoking cessation.

Methods
Ethics statement. This study was approved by the Ethics
Review Board of the Federal University of Rio de Janeiro (Brazil).
All participants provided written informed consent before
assessment.
Participants. Participants were recruited through posters
distributed on the University campus. Tobacco users among
young adults in Brazil are less than 15% [27]. To increase the
percentage of smokers in the sample, an additional interview was
performed prior to scheduling the experimental session. The final
sample had 63 participants with a mean age of 22.5 (65.23) years
old, of which 55% were women and 29% were current smokers.
Stimuli. Stimuli comprised 20 cigarette packs. Only one face
of the pack, displaying either a warning image (n = 10) or a brand
image (n = 10), was visible to the participants during each test (see
Apparatus for more details). The warning images used were from
the 2009 Brazilian set [14]. For the experiment, the images were
stamped on the packs and were devoid of any text. Cigarette
brands were selected so that they matched the warnings in color
content.
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Figure 1. Interference of warnings on the manipulation of cigarette packs. (A) The participant grabs a holder with his/her dominant hand.
Unseen by the participant, the experimenter places a cigarette pack on the holder, exposing either the brand face or the warning face. Upon
illumination, the participant quickly flexes the arm. The latency between illumination and action (reaction time) is measured. (B) Reaction times for
smokers. Reaction time when the warning face is exposed (left column of the graph) is significantly longer compared to when the brand face is
exposed (right column). The results reveal that warnings impose a significant cost to the manipulation of the pack.
doi:10.1371/journal.pone.0072117.g001

The threshold of statistical significance employed for all analyses
was a p-value of 0.05.

smokers [22]. We based the production of the pictorial warning
prototypes on these premises; the physical harms of tobacco were
made more overt and vivid, and smoking cues were avoided.
In agreement with the guidelines for implementation of Article
11 [30], a pre-marketing test of pictorial warning prototypes using
the standard protocol [15,16] was performed in Experiment 1. In
contrast to the European tobacco warning images, which
contained 17% pleasant images (all warnings were subjected to
the standard protocol rating system) [31], the Brazilian prototypes
were all within the unpleasant range. Smokers judged the
prototypes even more aversive than non-smokers. Care to reduce
smoking cues in the prototypes may have made them less
appealing to smokers. This interpretation is supported by the
literature showing that anti-smoking advertisements [32] or even
‘‘no-smoking signs’’ [33] can boost cigarette approach tendencies
in smokers.
A recurring concern in the literature (see [11]) is whether the
health warnings differently impact subpopulations within a
country. Women and low income individuals are of particular
concern for tobacco regulators because they represent a current
target of tobacco marketing [34–36]. Indeed, a higher smoking
prevalence among economically underprivileged population
groups is now a trend in several countries [36,37]. For instance,
in Brazil, smoking is a problem that reflects the social inequalities
of the country; compared to the highest educational levels, the
percentage of smokers doubles in populations with low educational
levels [27]. In the present study, we found a higher emotional
impact of the warning prototypes among women and individuals
with lower educational levels. This suggests the potential for the
warnings to successfully reach more vulnerable sub-groups,
including low-literacy populations (see [38]).
Experiment 2 focused on the warnings stamped on cigarette
packs. For smokers, the results revealed a significant cost to bring
the pack closer when viewing the warning face compared to the
brand face. This result has strong parallels with the literature on
implicit motivation in other domains. For instance, pulling a lever
towards oneself is facilitated by viewing pleasant stimuli on a

Results
Behavioral tests revealed that smokers were significantly slower
to bring packs close to the body when showing warnings compared
to when showing brands (Z = 2.11; p,0.05) (Figure 1B). For
smokers, who habitually manipulate cigarette packs, stamped
warnings antagonized the appeal of the brands. No significant
difference was found for non-smokers (Z = 0.23; p = 0.82).
Evaluative tests revealed that judgments of the degree of
aversion (AVERSION) correlated with judgments of efficacy
against smoking (CESSATION/PREVENTION). For smokers,
AVERSION correlated with CESSATION (r = 0.81, p,0.05) and
with PREVENTION (r = 0.86, p,0.05). For non-smokers,
AVERSION correlated with CESSATION (r = 0.67, p,0.05)
and showed a trend toward correlation with PREVENTION
(r = 0.57, p = 0.09). These results indicate that the more aversive a
warning, the more it is perceived as effective against smoking.

General Discussion
The World Health Organization Framework Convention on
Tobacco Control [3] was developed in response to the globalization of the tobacco epidemic. The treaty was guided by the
principle that ‘‘Every person should be informed of the health
consequences, addictive nature and mortal threat posed by
tobacco consumption and exposure to tobacco smoke…’’ [3]. In
Article 11 [3], the treaty included effective health warnings as a
key component to communicate health risks and to reduce tobacco
use. More than 39 countries have adopted the recommendations
for the use of pictorial warnings [29].
Using the standard protocol to evaluate affective pictures
[15,16], a previous assessment of pictorial health warning labels
revealed that depiction of overt body lesions in the pictures evoked
the highest emotional responses. Importantly, the presence of
smoking cues in a warning significantly weakened its impact on
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screen and is hindered by viewing unpleasant stimuli [23]. In
another study, brain recordings showed differential activity when
grasping and bringing closer a cylinder filled with pleasant
contents (facilitation) compared to unpleasant contents (cost)
[24]. Indeed, automatic motivational predispositions elicited by
the surrounding environment constitute a basic psychological
phenomenon. This process occurs continuously, without intention
or awareness, and has strong effects on a person’s decisions and
behavior (see [39]). Thorough studies in laboratory settings
showed that these automatic predispositions are appropriately
linked to the hedonic value of stimuli [23,25,40–42]. Supported by
these experimental psychology premises, we reproduced a more
‘‘natural’’/daily routine of smokers to explore the interface
between health warnings and pack branding, thus reducing the
gap between research and practice. There is a vast literature on
the public health implications of the gap between research and
practice and between a given intervention’s efficacy and its
effectiveness in daily practice [11,43–47]. The present study offers
a promising approach to narrow the distance between research in
controlled settings and real-life circumstances.
Notably, in non-smokers, there was no difference in the latency
to bring the pack closer when viewing the warning face compared
to the brand face. The lack of an appetitive motivation towards
cigarette packs in non-smokers could account for this. Beyond the
inherent automatic drive towards packs in smokers, a recent study
by Dickter et al. [48] showed that smokers presented a greater
perception-action coupling in response to stimuli depicting human
interaction with smoking-related cues.
Participants further underwent an evaluative session in Experiment 2 in which they rated the emotional impact and the
perceived efficacy against smoking of each pictorial warning. In a
telephone survey of smokers, Hammond et al. [8] found that selfreported levels of fear and disgust were associated with the
perceived efficacy of Canadian warning labels to induce smoking
cessation; however, the authors did not address differences within
the set of warnings. In the present work, we compared the levels of
aversion for each warning label using a standard protocol [15,16]
that is broadly used in emotion research. There are several

advantages to bridging the study of emotional impact of graphic
warning labels with experiments on implicit emotional reactions to
affective pictures. The literature is extensive, encompassing studies
on affective reports and their correlation with physiological
reactivity and behavioral modulation, and results have been
replicated in different contexts and with different samples
[12,20,49–54].
Some studies compared sets of pictorial warnings with graphic
contents (injuries, death) versus sets of pictorial warnings with nongraphic contents, showing that perceptions of efficacy (against
smoking) were higher for the graphic sets [11,55,56]. Here, we
revealed an important link between the rating of an individual
warning’s emotional impact and estimations of its efficacy against
smoking. Coherent with the cited studies, participants rated the
warnings with more explicit graphic content as both more aversive
and more effective against smoking (data not shown), demonstrating the value of pictorial warnings with vivid depictions of the
harmful effects of tobacco.

Conclusions
There is unequivocal scientific evidence that tobacco causes
death, disease and disability (see [57]). The spread of the tobacco
epidemic is a global problem with serious consequences for public
health and the Framework Convention on Tobacco Control by
the World Health Organization was developed in response to the
globalization of this epidemic. Health warnings are one of the key
components of this integrated approach to control global tobacco
epidemic. The evidence presented in this study adds to the
understanding of how implicit responses to pictorial warnings may
contribute to behavioral change.
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