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Abstract
Objective: Warnings are a new directive front-of-pack (FOP) nutrition labelling
scheme that highlights products with high content of key nutrients. The design of
warnings influences their ability to catch consumers’ attention and to clearly
communicate their intended meaning, which are key determinants of their
effectiveness. The aim of the present work was to evaluate the influence of design
features of warnings as a FOP nutrition labelling scheme on perceived
healthfulness and attentional capture.
Design: Five studies with a total of 496 people were carried out. In the first study,
the association of colour and perceived healthfulness was evaluated in an online
survey in which participants had to rate their perceived healthfulness of eight
colours. In the second study, the influence of colour, shape and textual
information on perceived healthfulness was evaluated using choice-conjoint
analysis. The third study focused on implicit associations between two design
features (shape and colour) on perceived healthfulness. The fourth and fifth
studies used visual search to evaluate the influence of colour, size and position of
the warnings on attentional capture.
Results: Perceived healthfulness was significantly influenced by shape, colour and
textual information. Colour was the variable with the largest contribution to
perceived healthfulness. Colour, size and position of the warnings on the labels
affected attentional capture.
Conclusions: Results from the experiments provide recommendations for the
design of warnings to identify products with unfavourable nutrient profile.
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Public policies are necessary to reduce the increasing public
health, economic and social costs of non-communicable
diseases(1,2). Considering that consumption of foods with
high energy, fat, sodium and sugar content has been
identified as one of the main causes of a considerable
proportion of deaths associated with non-communicable
diseases, policies aimed at encouraging people to make
more healthful choices have the potential to reduce the
global burden of these diseases(2,3).

Information provision has been regarded as a core
policy to enable informed decisions and encourage
changes in food habits(4). In this sense, nutrition infor-
mation has been included on food labels to enable people
to evaluate the nutritional quality of the foods they con-
sume(5). However, conventional nutrition labelling has
been extensively reported to be difficult to find and

interpret, and therefore to be seldom used by consumers
when choosing the foods they eat(6,7). For this reason,
simplified front-of-pack (FOP) nutrition labels have been
proposed as an effective alternative to improve con-
sumers’ ability to find and understand nutrition informa-
tion(8). Different FOP nutrition labelling schemes have
been developed, which can be classified into three cate-
gories according to their ability to communicate how
healthful a food is(9): (i) non-directive, which provide
information about the content of key nutrients; (ii) semi-
directive, which classify nutrient content in low/medium/
high; and (iii) directive, which flag healthful or unhealthful
products. Given the wide availability of products with
unfavourable nutritional composition in the current food
environment(10,11), directive FOP schemes that flag
unhealthful products may raise consumers’ awareness
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about the negative health consequences associated with
their overconsumption, which could potentially foster
habit change(12).

The inclusion of warnings on the package of
unhealthful products has been proposed to discourage
consumption of sugar-sweetened beverages(13) or pro-
ducts with high content of key nutrients(14,15). Evidence of
the efficacy of warnings exists in the public health litera-
ture, as they have been associated with greater knowledge
and increased risk perception of the health harms of using
tobacco products and alcohol, as well as with reduced
consumption of these products(16,17). Warnings aim to
provide information that enables people to understand the
risks and consequences of a specific behaviour which, conse-
quently, can enable them to make informed decisions(18).

In particular, warnings have been recently introduced in
Chile as a directive FOP nutrition labelling scheme to
highlight products with high content of energy, sugar,
saturated fat and sodium(15). One year after their com-
pulsory implementation in Chile, preliminary studies
confirm the efficacy of warnings: consumers report having
modified their food purchases by selecting the products
with fewer warnings(19) and sales of chocolate and
cookies have decreased by 8·0 and 1·2%, respectively(20).
In addition, recent research has reported advantages of
warnings compared with other FOP nutrition labelling
schemes. Arrúa et al.(21) reported that warnings were
superior to the Guideline Daily Amount (GDA) and
traffic-light systems in terms of their ability to improve
consumers’ capacity to find nutrition information on labels
and to decrease healthfulness perception of products with
high energy, fat, sugar and/or sodium content. In addition,
warnings have been reported to be more effective than the
traffic-light system in discouraging children’s choice of
labels of snack products(22). The superiority of warnings
over the traffic-light system can be explained considering
that the former highlights only those products with high
content of key nutrients, whereas the latter classifies the
content of each nutrient as low/medium/high. In this
sense, research has shown that judging product
healthfulness based on the simultaneous evaluation of the
content of different nutrients is usually a complex task for
consumers(23).

According to the communication–human information
processing model, the ability of warnings to catch people’s
attention and clearly communicate their key concepts play
a key role in their effectiveness(24). Current lifestyles do not
allow consumers to take much time to select foods and to
process all the information available on labels(25). In this
context, increasing the ability of warnings to rapidly and
automatically catch consumers’ attention, even if they are
not looking for them, can increase the likelihood of con-
sumers noticing them and, in turn, taking them into account
in their decision-making process(24). Once warnings
are attended to, understanding is a key determinant of
whether they can influence people’s food choices(7).

Since consumers only have a few seconds to process the
information included on warnings, the use of familiar
warning signs can be an effective way of communicating
key concepts(26).

Warning design plays a key role in the ability of warn-
ings to catch consumers’ attention and to communicate
their intended meaning. Through repeated exposure to
warnings people learn to associate design features of
warnings with meanings(24). Although these associations
may be influenced by culture, some warning signs are
expected to be similarly understood due to the interna-
tional uniformity of road signs and symbols(27). For
instance, a red octagon means ‘stop’ and a yellow triangle
means ‘danger’ on traffic signs(28). Learned meanings of
warning signs can influence behaviour, even below the
level of conscious awareness(29).

Three main design features can be identified in warning
signs: colour, a shaped border and textual information(30).
Colour is probably one of the most important features of
warnings as it influences risk perception and compliance
behaviour(31). The meanings conveyed by different
colours are used to convey information when textual
messages are limited(32). Research has shown that different
colours communicate different hazard information and
that red colour is usually associated with the highest
hazard(33–36). In addition, red warning labels have been
reported to be more noticeable than black signs(37).

Warnings are usually enclosed by borders with specific
shapes, which influence risk perception(30). Shapes largely
influence people’s first perception of products by meta-
phorically communicating their key characteristics(38).
Riley et al.(39) reported that pointed shapes tend to be
more associated with danger than rounded shapes. In
particular, these authors reported that the triangle on its
vertex was the shape most associated with danger, fol-
lowed by diamond, octagon, hexagon and pentagon.
However, it should be taken into account that shaped
borders are used inconsistently across warning systems(40).

Words are usually included in labels to convey infor-
mation about the presence of a hazard and the level of
danger involved (severity and probability)(30). In the con-
text of nutrition labelling, different expressions can be used
to communicate that the nutrient content of a product
should be regarded as unhealthful. The traffic-light system
refers to foods with high content of key nutrients(41),
whereas the nutrient profile of the Pan American Health
Organization(42) refers to products with excessive content
of nutrients. Furthermore, one of the most common
expressions for indicating an excessive consumption of a
target nutrient is ‘too much’(43,44). These three expressions
(i.e. ‘high in...’, ‘excess of...’ and ‘too much...’) can convey
different risk perception and could potentially affect the
efficacy of warnings. Particularly, the expression ‘high in...’
may raise positive associations, as it is frequently used in
health claims to highlight positive product characteristics
(e.g. high protein, high monounsaturated fat, high
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polyunsaturated fat)(45). For this reason, this expression
may be less effective in communicating product unhealth-
fulness than the expressions ‘excess of...’ or ‘too much...’. In
the specific case of Chile, nutritional warnings include the
expression ‘high in...’(15), although the expression ‘excess
of...’ was deemed more appropriate by both researchers
and the Ministry of Health(14,46).

Apart from the design of warning signs, their relative size
and position on the labels are also expected to influence
their effectiveness as they have a direct impact on their
ability to catch consumers’ attention(24). In this sense, the
attentional capture of warnings is expected to increase with
increasing size and a more salient position on the label(47).
The position of information about specific nutrients on the
nutrition facts label has been reported to affect consumers’
attention: nutrient information located at the top of the label
is viewed more frequently than that positioned at the bot-
tom(48). In addition, according to the latter authors, nutrition
facts labels with a central location on the label received
more attention than those located peripherally(48).

Warning signs have been recently implemented in Chile
as black octagonal signs featuring the expression ‘High in...’
(‘Alto en...’ in Spanish)(15). However, no published study
has been found analysing the influence of the design of this
type of warning on consumers’ healthfulness perception
and attentional capture to inform policy making. This type
of information is important for policy makers in other
countries considering the adoption of a similar scheme.

In this context, the aim of the present work was to evaluate
the influence of design features of warnings as a FOP nutri-
tion labelling scheme on consumers’ perceived healthfulness
and attentional capture. For this purpose, five studies were
carried out in the capital city of Uruguay (a Spanish-speaking
country located in South America, between Argentina and
Brazil). In the first study, the association of colour and per-
ceived healthfulness was evaluated in an online survey. In
the second study, the influence of colour, shape and textual
information on the perceived healthfulness conveyed by the
warnings was evaluated using choice-conjoint analysis. The
third study focused on implicit associations between two
design features (shape and colour) on perceived healthful-
ness. Finally, the fourth and fifth studies used a visual search
paradigm to evaluate the influence of colour, size and
position of the warnings on attentional capture.

Study 1

The first study aimed to evaluate the influence of colour
on perceived healthfulness. In an online survey, partici-
pants had to rate the perceived healthfulness of coloured
circles using a 9-point scale.

Materials and methods
A total of 100 people (18–60 years old, 50% women) from
Montevideo (Uruguay) participated in the study. Partici-
pants had middle/high socio-economic status and all had

completed high school. They were recruited from the
consumer database of the research group who authored
the study, according to their interest and availability to
participate.

Participants completed an online questionnaire, imple-
mented using Compusense Cloud (Compusense Inc.,
Guelph, Canada). They were asked to evaluate eight
coloured circles (green, yellow, red, black, grey, white,
blue and violet) and to rate their perceived healthfulness
using a 9-point scale (1= ‘unhealthful’, 9= ‘very healthful’).
Circles were chosen as stimuli in the present study as they
are not commonly used in warning signs, which minimizes
potential interaction effects between colour and shape. The
circles were presented one at a time, following a balanced
presentation order (Williams’ Latin square).

ANOVA was used to compare the average perceived
healthfulness scores of each colour. Tukey’s test was
used for post hoc comparison of average values. A 5%
significance level was considered.

Results
Significant differences were found in the perceived
healthfulness of the coloured circles (P< 0·001). Grey and
black received the lowest perceived healthfulness average
scores, followed by red and violet (Fig. 1). On the con-
trary, green obtained the highest perceived healthfulness
average score, followed by white, blue and yellow.

Based on results of Study 1, two colours were selected
for the following studies: black and red. Black was
considered as it received the lowest healthfulness score.
In addition, although red received a higher healthfulness
score, it is commonly used to convey danger associations
in traffic signs (e.g. traffic lights, stop sign)(33).

Study 2

In the second study, choice-based conjoint analysis was
used to evaluate the influence of three design features of
warning signs on perceived healthfulness: colour, shape
and textual information. Conjoint analysis has been widely
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Fig. 1 Perceived healthfulness of coloured circles on a 9-point
scale (1= ‘unhealthful’, 9= ‘very healthful’) in Study 1
completed by Uruguayan adults (n 100) aged 18–60 years.
a,b,c,d,eMean values with unlike superscript letters were
significantly different (P< 0·05)
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used in marketing research and consumer science for
evaluation of the trade-offs that people make when eval-
uating specific aspects of products(49). This methodology
is based on the evaluation of sets of alternatives selected
following an experimental design(50).

Materials and methods
A total of 212 people (18–60 years old, 75% women) from
Montevideo (Uruguay) participated in the study. Partici-
pants had middle/high socio-economic status and 95%
had completed high school (12% had completed technical
education and 36% had a university degree). They were
recruited from the consumer database of the research
group who authored the study, according to their interest
and availability to participate.

Eighteen warnings were designed following an experi-
mental design with the following variables: colour (two
levels: red and black), shape (three levels: triangle, triangle
on its vertex and octagon) and textual information (three
levels: ‘high in sugar’ (‘alto en azúcar’ in Spanish), ‘too
much sugar’ (‘demasiada azúcar’ in Spanish) and ‘excess
of sugar’ (‘exceso de azúcar’ in Spanish)). Colours were
selected based on results from Study 1, whereas the
selected shapes have been previously associated with
increased risk perception and are commonly used in traffic
signs(28,39). Regarding textual information, to simplify the
task, focus was placed on one target nutrient (sugar).
Three expressions commonly used to convey high content
were selected: high in sugar, too much sugar and excess of
sugar. Figure 2 shows an example of the warning signs
considered in the study.

Using the eighteen warning signs, a total of eighteen
choice sets composed of two warning signs were generated
using the mix-and-match procedure(51). In each set, the two
warning signs were placed one next to the other. The
position of the warning sign (left or right) within each choice
set was randomized across participants. Participants were
instructed that they had to evaluate signs to be included on
the label of food products. They were presented with the
eighteen choice sets, one at a time, following a balanced
complete block experimental design (Williams’ Latin
square). For each choice set, participants were asked to look
at two signs and to select the one they associated with a less
healthful product if included on the label of food products.

The task was implemented online using Compusense Cloud
(Compusense Inc., Guelph, Canada).

Data were analysed using a conditional logit model(52). The
probability of choosing a warning sign as the less healthful
was modelled as a function of the design variables (colour,
shape and textual information). The part-worth utility of one
of the levels of each variable was taken as reference and was
scaled to zero to calculate the effect of the other levels. The
relative impact of each variable was estimated by calculating
partial log-likelihoods, i.e. how much they contributed to the
overall log-likelihood of the choice model(53). This calculation
was performed by systematically re-estimating a choice
model without one of the attributes and recording the
associated log-likelihood. The impact of each attribute was
estimated as the difference between the log-likelihood of
the full and reduced models(53). These analyses were
performed using the package support.CEs in R language(54).

Results
The estimates of the parameters of the conditional logit
model are shown in Table 1. As shown, the estimated χ2

values for likelihood ratio indicated that the three variables
had a highly significant effect (P< 0·001) on healthfulness
perception. The relative importance of colour in the choice
model corresponded to 64%, whereas the relative impor-
tance of textual information and shape accounted for 34
and 2%, respectively. As shown in Table 1, the warning
design with the lowest healthfulness perception corre-
sponded to red colour, octagonal shape and the expression
‘excess of sugar’. The two triangular shapes were perceived
as less unhealthful than the octagon and did not differ
significantly between them. Regarding the textual expres-
sions used to convey product unhealthfulness, ‘excess of’
was perceived as the least healthful, whereas ‘high in sugar’
did not differ significantly from ‘too much sugar’.

Study 3

The third study aimed to evaluate the implicit associations
of two design features of warnings (colour and shape) on
perceived healthfulness using an implicit association test.

Fig. 2 Example of the warnings considered in the choice-
conjoint task used in Study 2 to evaluate the influence of
design features of warnings on perceived healthfulness. The
Spanish texts included in the warnings correspond to the
following English expressions (from left to right): ‘high in sugar’,
‘excess of sugar’ and ‘too much sugar’

Table 1 Estimates of the parameters of the conditional logit model
performed on data from the choice-conjoint task in Study 2, about
the influence of warning design on perceived healthfulness,
completed by Uruguayan adults (n 212) aged 18–60 years

Parameter Estimate SE P

Colour_Red 0·88 0·05 <0·001
Colour_Black* 0 – –

Shape_Triangle −0·17 0·07 0·014
Shape_Triangle on its vertex −0·19 0·07 0·003
Shape_Octagon* 0 – –

Text_Excess of sugar 0·97 0·08 <0·001
Text_Too much sugar 0·06 0·05 0·216
Text_High in sugar* 0 – –

*The part-worth utility of one of the levels of each variable was taken as
reference and was scaled to zero to calculate the effect of the other levels.
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Implicit associations refer to associations stored in long-term
memory that can influence our behaviour without conscious
awareness(55). The implicit association test is a computer-
based response-time test that measures the strength of
associations between target concepts and categories(56). In
this case, the strength of the association between health-
fulness and two colours (red and black) and two shapes
(octagon and triangle) were evaluated. The colours and
shapes were selected based on results from Studies 1 and 2.

Materials and methods
The study was carried out with eighty-eight participants
(18–63 years old, 59% women) from Montevideo (Uruguay),
recruited among students and workers of the School of
Psychology, Universidad de la República, Uruguay based on
their availability and interest to participate. All participants
had completed high school and had medium/high socio-
economic income.

Two words related to healthfulness were considered,
‘healthful’ and ‘unhealthful’ (‘saludable’ and ‘no saludable’
in Spanish, respectively), which were assigned to different
colours (red and black) and shapes (octagon and triangle).
As a result, these gave two combinations of words and
colour (‘healthful’ in black v. ‘unhealthful’ in red, and
‘healthful’ in red v. ‘unhealthful’ in black) and two com-
binations of words and shapes (‘healthful’ within an
octagon v. ‘unhealthful’ within a triangle, and ‘healthful’
within a triangle and ‘unhealthful’ within an octagon).

Participants had to sit in front of a notebook computer
and were asked to complete the test as rapidly and
accurately as possible. At the beginning of each block of
trials, written instructions were presented on the screen.
In each block, one stimulus (i.e. combination of word and

colour or word and shape) was assigned to either the left
or right response key, while the other stimulus was
assigned to the other response key. Pictures of food were
presented on the centre of the screen and participants
were asked to classify them as healthful or unhealthful by
pressing the appropriate key. A total of eight pictures were
considered, four corresponding to unhealthful foods
(cookies, French fries, milk chocolate and alfajor – a
traditional Uruguayan sweet snack) and four to healthful
foods (kiwi, apple, avocado and orange). The pictures
were used to represent the concept of healthful and
unhealthful foods and were selected based on results from
a previous unpublished study in which participants were
asked to classify food pictures as healthful or unhealthful.
The pictures selected for the present work were classified
as healthful or unhealthful by more than 80% of
the participants. Each picture was presented in duplicate.
The order in which participants completed the blocks of
trials, as well as the order in which pictures were
presented, were randomized. Four pictures were used
(whole bread, granola, chocolate-covered chocolate cake,
peanuts) for practice before each of the blocks. No error
feedback was given. The test was implemented in
PsychoPy(57). Figure 3 shows an example of two of the
screenshots of the test.

In the implicit association test, the strength of the asso-
ciation between concepts is measured as the difference in
response times in the two experimental conditions(56). In the
present work, the association between healthfulness and the
two colours was evaluated by comparing the average
response times from all the trials in which participants
classified food pictures as healthful or unhealthful when the
response keys were associated with ‘unhealthful’/black and

Fig. 3 Two of the screenshots of the implicit association test used in Study 3 for evaluating the association between colours (red and
black) and the concept of health (bottom), and between shapes (octagon and triangle) and the concept of health (top)
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‘healthful’/red and the average response times from all trials
in which the response keys had the opposite association
(‘unhealthful’/red and ‘healthful’/black). The same proce-
dure was used to evaluate the association between the
concept of healthfulness and the two shapes (octagon and
triangle). Response times lower than 250ms or higher than
2000ms were considered outliers and were excluded from
further analysis (1·2% of the data)(58). After exclusion of
outliers, ANOVA was used to compare log-transformed
response times in the two experimental conditions for each
type of association (colour and shape). Condition was used
as fixed source of variation, whereas participant was con-
sidered a random effect. A 5% significance level was
considered.

Results
Figure 4 shows average response times across participants
in the implicit association test developed to evaluate
implicit associations between colour, shape and perceived
healthfulness. For ease of interpretation, average
untransformed response times are discussed. ANOVA
showed significant differences (P= 0·006) between the
response times obtained in the two experimental condi-
tions in the blocks in which the association between shape
and healthfulness was assessed. Participants needed less
time to respond when the word ‘unhealthful’ was paired
with the octagon (and ‘healthful’ with the triangle) com-
pared with the experimental condition in which
‘unhealthful’ was paired with the triangle (and ‘healthful’
with the octagon): 746 v. 723ms. This result indicates that
the octagon has a stronger implicit association with
unhealthfulness than the triangle.

Regarding colour, a significant difference between the
experimental conditions was found (P= 0·002). Partici-
pants responded significantly quicker when ‘unhealthful’
was black (and ‘healthful’ was red) compared with when
the opposite pairing was considered: 786 v. 755ms, which

indicates a stronger implicit association between black
colour and unhealthfulness compared with red.

Study 4

The influence of colour on the attentional capture of the
warning signs was evaluated using two visual search
tasks(59). Participants were presented with sets of one and
three labels on a computer screen and were asked to
indicate whether labels with high salt content were
present or absent.

Materials and methods
A total of thirty-five participants (eighteen males and
seventeen females, age ranging from 18 to 50 years) from
Montevideo (Uruguay) took part in the study. Participants
were recruited from the consumer database of the
research group who authored the study, based on their
interest and availability to participate. All participants had
normal or corrected-to-normal vision and full colour
vision. Visual search tasks usually involve a small number
of participants as they rely on fundamental attentional
processes that are not expected to be largely influenced by
individual differences(60). The number of participants
included in the present study was larger than the minimum
sample size required according to power size calculations
and larger than the number of participants included in
several recent studies employing the visual search
paradigm(59,61–63).

Labels of different product categories (crackers, ham-
burgers, lasagne, chicken nuggets, fish nuggets, pan bread
and instant soup) with three different graphic designs
were used in the study. The labels were specially designed
for the purposes of the study. For each label, two alter-
natives were considered: one with high salt content that
included a warning, and another with low/medium salt
content that did not include the warning. Octagonal
warnings of two different colours were included, black
and red, which contained the expression ‘high in salt’. The
coloured octagon was surrounded by a white area to
increase its saliency, as specified by Chilean regula-
tions(15). The design of the warning is presented in Fig. 5.

Participants completed two tasks, one consisting of
individual labels and the other consisting of series of three
labels of the same product category. In the first task,
participants had to evaluate individual labels which could
include the warning or not. In the latter, two types of series
of three labels were created based on the presence or
absence of a label with a warning indicating high salt
content. To avoid consumer familiarization, within each
series the label position on the screen was randomized. An
example of one of the sets of labels is presented in Fig. 5.

The experimental session consisted of two blocks of
trials: one for each type of warning (black and red). Each
block consisted of a total of ninety-one trials and four
dummy trials to familiarize participants with the task.
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Fig. 4 Average response times (in ms) for trials in Study 4 with
different combinations of words and shape (left) and words and
colour (right) in the implicit association test* completed by
Uruguayan adults (n 88) aged 18–63 years. Values are means
with their standard deviations represented by vertical bars.
*The figure shows the shapes and colours associated with the
word ‘unhealthful’. The word ‘healthful’ was associated with the
opposite shape or colour
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Among the ninety-one trials of the experimental design,
thirty-one consisted of individual labels, whereas the other
sixty trials consisted of series of three labels. Trials were
presented on a personal computer screen using the Direct
RT software(64). A Williams’ Latin square experimental
design was used for trials’ presentation within each con-
dition (single or series of three labels). Trials were dis-
played (one by one) until participants pressed a key to
respond. During the task, participants were asked to
indicate if there was any label with a warning sign for high
sodium content on the screen by pressing the S key to
respond ‘yes’ (‘sí’ in Spanish) and the N key to respond
‘no’. Participants were requested to respond as fast and
accurately as they could. Participants’ responses as well as
their response time were registered using the software.
A 5min break took place between blocks.

Participants’ response time and type of response (true v.
false) were registered. Response times associated with
incorrect answers as well as response times shorter or
longer than 3 SD on an individual’s mean within each task
were not considered for further analysis (2% of the
responses). ANOVA was performed on response times
considering warning colour as fixed source of variation
and participant as random effect. A significance level of
5% was considered.

Results
Participants’ ability to identify a label with a warning sign
was evaluated using two tasks, involving the detection of
the warning on sets of one and three labels. Lower
response times were related with higher difficulty to find
the warning and therefore lower attentional capture. As
shown in Table 2, the time needed by participants to

respond was significantly shorter when the black warnings
were included on the labels compared with red warnings,
regardless of the number of labels in the set. This result
was observed for both sets of labels that included the
warning and sets that did not include any label with
warnings. The difference between black and red labels
ranged between 112 and 241ms, depending on the
number and characteristics of the sets of labels (Table 2).

Study 5

The last study evaluated the influence of the size and
position of warnings on the labels on attentional capture
using a visual search task. Participants were presented
with labels on a computer screen and were asked to
indicate whether labels included a warning sign.

Materials and methods
A total of sixty-one participants (thirty-two males and
twenty-nine females, age ranging from 18 to 53 years,

Fig. 5 Examples of two sets of three labels presented in the visual search task of Study 4 to evaluate the influence of colour (black
and red) on the attentional capture of warnings

Table 2 Average response times (in ms) in the visual search task of
Study 4, containing groups of one or three labels for trials with and
without warning signs of different colour, completed by Uruguayan
adults (n 35) aged 18–50 years

Number of
Presence of a

label with warning
Colour of the warning

labels in the set on the labels Black Red

One Yes 692a 806b

No 790a 912b

Three Yes 751a 959b

No 961a 1202b

a,bMean values within a row with unlike superscript letters were significantly
different according to Tukey’s test (P< 0·05).
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medium/high socio-economic level) from Montevideo
(Uruguay) took part in the study. Participants were
recruited from the consumer database of the research
group who authored the study, based on their interest and
availability to participate. All participants had completed
secondary school and had normal or corrected-to-normal
vision and full colour vision. The number of participants
included in Study 5 was justified by common practice in
studies involving visual search tasks(59–63) and was higher
than the minimum sample size estimated using sample
size calculations.

Labels of three of the product categories included in
Study 4 (crackers, chicken nuggets and pan bread) were
used in Study 5. For each product, labels of two sizes were
considered: 45 cm2 and 152 cm2. Octagonal black warnings
with the expression ‘high in salt’ were included on the labels
at four different positions: top left, top right, bottom left and
bottom right. In addition, for each label size, warnings of
three sizes were considered: 1·0 cm×1·0 cm, 1·5 cm× 1·5 cm
and 2·0 cm×2·0 cm for 45 cm2 labels and 2·0 cm×2·0 cm,
2·5 cm×2·5 cm and 3·0 cm×3·0 cm for 152 cm2 labels. Thus,
a total of seventy-two labels with warnings were considered
(three products× two label sizes× four warning positions×
three warning sizes), plus six labels without warnings (three
products× two label sizes).

Participants completed a visual search in which they
were presented with labels and had to indicate if they
contained a warning sign or not. During the task, partici-
pants were asked to indicate if there was any label with
high sodium content on the screen by pressing the S key
to respond ‘yes’ (‘sí’ in Spanish) and the N key to respond
‘no’. Participants were requested to respond as fast and
accurately as they could. The task comprised a total of
ninety trials, corresponding to the seventy-two labels with
warnings and the eighteen labels without warnings (each
of the six labels without warnings was presented in
triplicate). Labels were presented following a Williams’
Latin square design on a personal computer screen using
the Direct RT software(64).

ANOVA was carried out separately on response times
for each label size considering product, warning position,
warning size and their interaction as fixed sources of
variation. Response times associated with incorrect
answers as well as response times shorter or longer than
2 SD on an individual’s mean within each task were not
considered for further analysis (2% of the responses).
A significance level of 5% was considered.

Results
Participants’ ability to identify a label with a warning sign
was significantly influenced by warning size and position
(P< 0·05), regardless of label size. As shown in Table 3,
the time needed by participants to respond decreased
significantly with increasing warning size. Medium and
large warnings did not differ significantly in their
attentional capture.

The influence of warning position on response times in
the visual search task depended on the size of the labels
(Table 3). For labels of 152 cm2, the shortest response
times were found when the warning signs were located on
the top left and bottom right positions. Meanwhile, for
labels of 45 cm2, response times differed significantly only
when the warning signs were located on the bottom right
position, showing the longest average response time.
Therefore, warning signs located on the top left position
showed one of the shortest average response times
regardless of label size (Table 3).

Discussion

Warnings have been proposed in the public health lit-
erature as a way to communicate the risks associated with
consumption of specific products, such as tobacco,
alcohol and sweetened beverages, and, in turn, enable
consumers to make informed choices(16,17,65,66). In addi-
tion, warnings have been recently implemented as a
directive FOP nutrition information scheme to facilitate the
identification of unhealthful products with high energy,
sugar, fat and sodium content(14,15). This scheme has been
reported to be superior to the GDA and the traffic-light
systems in terms of goal-directed attentional capture,
ability to decrease healthfulness perception of products
with high sugar, fat and sodium content, and to discourage
choice of unhealthful products(21,22). The potential of
warnings to foster changes in eating patterns has been
highlighted by preliminary studies conducted one year
after their compulsory implementation in Chile(19,20).

The effectiveness of warnings depends on their ability
to catch consumers’ attention and clearly communicate
their key message(26). The design of warning signs plays a
key role in increasing the likelihood of consumers taking
them into account when making their food choices(30). In
this context, the present study evaluated the influence of

Table 3 Average response times (in ms) in the visual search task of
Study 5, with labels of different size featuring warnings of different
size and located in different positions of the label, completed by
Uruguayan adults (n 61) aged 18–53 years

Label size

Variable Levels of the variable 45 cm2 152 cm2

Warning size* Small 724a 710b

Medium 708a,b 702a,b

Big 678b 672a

Warning position Top left 688b 667c

Top right 695b 707a,b

Bottom left 693b 734a

Bottom right 738a 672b,c

a,b,cMean values for levels of a variable within a column with unlike super-
script letters were significantly different according to Tukey’s test (P< 0·05).
*The size of the warnings varied with label size. For labels 45 cm2, warning
size corresponded to 1·0 cm×1·0 cm (small), 1·5 cm×1·5 cm (medium) and
2·0 cm×2·0 cm (big). For labels of 152 cm2, warning size corresponded to
2·0 cm×2·0 cm (small), 2·5 cm×2·5 cm (medium) and 3·0 cm×3·0 cm (big).
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design features of warning signs on consumers’ perceived
healthfulness and attentional capture.

Colours have been shown to have strong healthfulness
associations(31). Results from Study 1 showed that black and
grey were the colours with the strongest association with
unhealthfulness, followed by red and violet. In addition, in
Study 3 black showed a stronger implicit association with
unhealthfulness than red, in agreement with previous
studies that reported that black colour was associated
with the words ‘fatal’ and ‘poison’(67), as well as with the
concepts of dirt and toxicity(36). Colour was the most
important design feature influencing perceived healthful-
ness of warnings in Study 2, red being significantly more
associated with an unhealthful product than black. There-
fore, although black had a stronger implicit association with
unhealthfulness than red, the opposite trend was found in
the context of warning signs. This result suggests an inter-
action effect between shape and colour, which may be
explained by learned associations through repeated expo-
sure to warning signs, as red signs are frequently included
in traffic signs to convey danger or risk (i.e. STOP traffic
sign)(28). Further research should investigate the influence
of interaction effects between shape and colour on
healthfulness perception of warning signs.

Regarding the influence of colour on the attentional
capture of the warnings, results from Study 4 showed that
black signs were easier to find on labels than red signs.
Contradictory results on the influence of colour on the
attentional capture of logos have been reported in the
literature. Braun and Silver reported that black increased
the perceived saliency of warnings compared with red(31).
Similarly, Bialkova and van Trijp reported that the atten-
tional capture of monochromatic directive FOP nutrition
labelling schemes (choice logos) was higher compared
with polychromatic logos(59). On the contrary, Young(37)

and Laughery et al.(26) found that red warning labels were
more noticeable than black labels. These contradictory
results may be explained considering that the attentional
capture of warnings strongly depends on the graphic
design of the labels on which they are included, particu-
larly their colour and label clutter(30). In this sense, one of
the strengths of the present study was that labels with
different background design were considered in the visual
search task and, consequently, average response times
considered part of the heterogeneity of food labels avail-
able in the marketplace. In addition, it should be taken
into account that in the present study warnings were
surrounded by a white area that could have increased their
attentional capture. This strategy may increase the
attentional capture of warning signs regardless of the
graphic design of the labels. However, further research in
this respect is necessary to confirm this observation.

The influence of colour on healthfulness perception
suggests that policy makers should specify the colour of
warnings. Results from the studies included in the present
work suggest that black seems to be the best colour for

nutrition warnings given its superior attentional capture
and its implicit association with the concept of unhealth-
fulness, even if the red octagon was perceived as more
unhealthful than the black octagon. This colour has been
selected by Chilean authorities for the warnings included
in the FOP nutrition labelling scheme(15). However,
warning labels recently proposed in the USA for inclusion
on sugar-sweetened beverages are required only to be
conspicuously included on the front of the package(68,69).

Although shaped borders are used inconsistently across
warning systems(40), in the present work the octagonal
shape was consistently more associated with the concept
of unhealthfulness than the triangle or the triangle on its
vertex. This association may be explained by the learned
association between octagonal shape and the concept of
danger through repeated exposure to the STOP traffic
sign. On the contrary, in the context of hazard perception,
the triangle on its vertex has been reported to perceived as
more dangerous than the octagon(39). These results
support Chilean regulations, which specify that FOP
nutrition warnings should have an octagonal shape(15).

Textual information included on the labels also influ-
enced healthfulness perception. Warnings containing the
expression ‘excess of...’ for referring to unhealthful products
were perceived as less healthful than those containing the
expressions ‘high in...’ or ‘too much...’. The concept of
excessive amounts of key nutrients (sodium, free sugars,
total fat, saturated fat and/or trans-fat) to identify products
with unfavourable nutrient profile is included in the Nutrient
Profile Model of the Pan American Health Organization(42).
Although this expression was preferred by Chilean
authorities(14,46), their current law specifies that nutrition
warnings should include the expression ‘high in...’(15).

The ability of warnings to rapidly catch attention can
increase the likelihood of consumers taking them into
account when making their food choices(24). In this sense,
the size and position of the warnings on the labels are
expected to have a large influence on attentional capture.
Results from Study 5 showed that the size and position of
the warnings on the labels significantly influenced the time
needed by participants to identify a warning on the
label. This suggests that policy makers should introduce
compulsory requirements for these features in their
regulations. Chilean regulations do not specify a compul-
sory location but suggest that warnings should be included
on the upper right position of the labels(15). However,
results from the present work suggest that the upper left
position should be preferred as it tended to have higher
attentional capture, particularly in the case of the bigger
labels. These results are in agreement with those reported
by Graham and Jeffery(48) and can be explained by the
usual way of reading (from left to right) in occidental
countries. Regarding warning size, attentional capture
increased with increasing warning size, as expected.
These results support the warning sizes included in
Chilean regulations for labels of 45 and 152 cm2(15).
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In closing, the limitations of the present work should be
highlighted. First, all studies were conducted in one
country with a non-representative consumer population.
Therefore, results may not be generalizable to other
countries around the world. However, it is important
to highlight that most of the results reported in the
present work are based on learned associations from
warning signs that are internationally uniform, such as the
STOP sign(27). Besides, results from the visual search tasks
are based on fundamental attentional processes that are
not largely influenced by individual characteristics(60).
Second, in the present study interaction effects between
colour and shape were not studied. Further research
should evaluate healthfulness perception of warning
signs with different shapes and colours. Finally, the
effect of warnings on consumers’ healthfulness perception
of food products was not evaluated. All the studies
focused on the comparative evaluation of warnings with
different design features. Therefore, conclusions are
not expected to be influenced by the perception of
specific food products or nutrients. In this sense, further
research should focus on the effect of warnings on
healthfulness perception of different products with
excessive content of different nutrients. Although pre-
liminary evidence of the effectiveness of warnings
exists(19–22,65,66), further research on their effect on con-
sumers’ food choices is needed. In particular, it remains
unclear how consumers react to the inclusion of nutrition
warnings on the package of their usual products. A more
in-depth exploration of changes in consumer behaviour
caused by the implementation of nutrition warnings can
provide relevant information regarding the effectiveness of
warnings as a public policy aimed at shifting eating
patterns.

Conclusions

Results from the experiments included in the present work
provide recommendations for the design of warnings to
identify products with unfavourable nutrient profile.
Warning signs with octagonal-shaped borders including
the expression ‘excess of...’ have the potential to maximize
consumer unhealthfulness perception. Regarding colour,
black octagons seem to be the best choice due to their
high attentional capture. This design is similar to the one
recently implemented in Chile, which differs only in the
textual expression included in the warnings (‘high
in...’)(15). Recommendations for the selection of warning
size and position on the labels for maximizing attentional
capture were also generated. Policy makers are advised to
specify compulsory design features of nutrition warnings
in their regulations. Warning design based on consumer
healthfulness perception and attentional capture have the
potential to contribute to increasing the effectiveness of
this type of public policy aimed at encouraging consumers
to make more healthful choices.

Acknowledgements

Financial support: The authors are grateful to Comisión
Sectorial de Investigación Científica and Espacio Inter-
disciplinario (Universidad de la República, Uruguay) for
financial support. The funders had no role in the design,
analysis or writing of this article. Conflict of interest: None.
Authorship: All authors contributed to the development of
the research. M.C., L.M., A.A. and L.A. carried out data
collection. G.A., L.A. and L.M. analysed the data and wrote
the paper. Ethics of human subject participation: This
study was conducted according to the guidelines laid
down in the Declaration of Helsinki and all procedures
involving human subjects were approved by the Ethics
Committee of the School of Chemistry of Universidad de la
República (Uruguay). Written informed consent was
obtained from all participants and formally recorded.

References

1. World Health Organization (2014) Global Status on
Noncommunicable Diseases 2014. Geneva: WHO.

2. Hawkes C, Smith TG, Jewell J et al. (2015) Smart policies for
obesity prevention. Lancet 385, 2410–2421.

3. World Health Organization (2009) Global Health Risks.
Mortality and Burden of Disease Attributable to Selected
Major Risks. Geneva: WHO.

4. Mazzocchi M, Cagnone S, Bech-Larsen T et al. (2015) What
is the public appetite for healthy eating policies? Evidence
from a cross-European survey. Health Econ Policy Law 10,
267–292.

5. Storcksdieck genannt Bonsmann S, Fernández Celemín L,
Larrañga A et al. (2010) Penetration of nutrition information
on food labels across the EU-27 plus Turkey. Eur J Clin Nutr
64, 1379–1385.

6. Cowburn G & Stockley L (2005) Consumer understanding
and use of nutrition labelling: a systematic review. Public
Health Nutr 8, 21–28.

7. Grunert KG & Wills JM (2007) A review of European
research on consumer response to nutrition information on
food labels. J Public Health 15, 385–399.

8. Hawley KL, Roberto CA, Bragg MA et al. (2013) The
science on front-of-package food label. Public Health Nutr
16, 430–439.

9. Hodgkins C, Barnett J, Wasowicz-Kirylo G et al. (2012)
Understanding how consumers categorise nutritional labels:
a consumer derived typology for front-of-pack nutrition
labelling. Appetite 59, 806–817.

10. Pan American Health Organization (2015) Ultra-Processed
Food and Drink Products in Latin America: Trends, Impact
on Obesity, Policy Implications. Washington, DC: PAHO.

11. Monteiro CA, Cannon G, Levy RB et al. (2012) The Food
System. Processing. The big issue for disease, good health,
well-being. World Nutr 3, 527–569.

12. Capacci S, Mazzocchi M, Shankar B et al. (2012) Policies to
promote healthy eating in Europe: a structured review of
policies and their effectiveness. Nutr Rev 70, 188–200.

13. Popova L (2016) Sugar-sweetened beverage warning labels:
Lessons learned from the tobacco industry. J Calif Dent
Assoc 44, 633–640.

14. Corvalán C, Reyes M, Garmendia ML et al. (2013) Structural
responses to the obesity and non-communicable disease
epidemic: the Chilean law of food labelling and advertising.
Obes Rev 14, 79–87.

Design features of warnings 3369

https://doi.org/10.1017/S136898001700249X Published online by Cambridge University Press

https://doi.org/10.1017/S136898001700249X


15. Ministerio de Salud (2015) Decreto número 13, de 2015.
Santiago: Ministerio de Salud.

16. Hammond D (2011) Health warning messages on tobacco
products: a review. Tob Control 20, 327–337.

17. Wilkinson C & Room R (2009) Warnings on alcohol
containers and advertisements: international experience
and evidence on effects. Drug Alcohol Rev 28, 426–435.

18. Robinson PA (2009) Writing and Designing Manuals and
Warnings. Boca Raton, FL: CRC Press.

19. Valdebenito Verdugo M, Labrín Elgueta JM et al. (2017)
Informe de resultados: Descripción de las percepciones y
actitudes de los/as consumidores respecto a las medidas
estatales en el marco de la implementación del Decreto
13/15. Santiago: Demoscopica.

20. Orellana G (2017) Ventas de chocolates bajan 8% en el
primer año de la Ley de Etiquetado. http://www.latercera.
com/noticia/ventas-chocolates-bajan-8-primer-ano-la-ley-
etiquetado/ (accessed June 2017).

21. Arrúa A, Machín L, Curutchet MR et al. (2017) Warnings as
directive front-of-pack nutrition labelling scheme: compar-
ison with the GDA and traffic light systems. Public Health
Nutr (Epublication ahead of print version).

22. Arrúa A, Curutchet MR, Rey N et al. (2017) Impact of front-
of-pack nutrition information and label design on children’s
choice of two snack foods: comparison of warnings and the
traffic-light system. Appetite 116, 139–146.

23. Black A & Rayner M (1992) Just Read the Label. London:
The Stationery Office.

24. Wogalter MS, Dejoy DM & Laughery KR (2005) Organizing
theoretical framework: a consolidated communication–
human information processing (C-HIP) model. In Warnings
and Risk Communication, pp. 13–21 [MS Wogalter, DM
Dejoy and KR Laughery, editors]. London: Taylor & Francis.

25. Maubach N, Hoek J & Mather D (2014) Interpretive front-of-
pack nutrition labels. Comparing competing recommenda-
tions. Appetite 82, 67–77.

26. Laughery KR, Young SL, Vaubel KP et al. (1993) The noti-
ceability of warnings on alcoholic beverage containers.
J Public Policy Mark 12, 38–56.

27. United Nations Economic and Social Council (1968)
Convention on Road Signs and Signals. Vienna: UN.

28. Fleyeh H (2004) Color detection and segmentation for road
and traffic signs. In Proceedings of the 2004 IEEE
Conference on Cybernetics and Intelligent Systems, pp.
808–812. Danvers, MA: Institute of Electrical and Electronics
Engineers.

29. Gawronski B & Creighton LA (2013) Dual-process theories.
In The Oxford Handbook of Social Cognition, pp. 282–312
[DE Carlston, editor]. Oxford: Oxford University Press.

30. Mazis MB & Morris LA (2005) Channel. In Warnings and
Risk Communication, pp. 13–21 [MS Wogalter, DM Dejoy
and KR Laughery, editors]. London: Taylor & Francis.

31. Braun CC & Silver NC (1995) Interaction of signal word and
colour on warning labels: differences in perceived hazard
and behavioural compliance. Ergonomics 38, 2207–2220.

32. Ng AWY & Chan AHS (2008) Visual and cognitive features
on icon effectiveness. In Proceedings of the International
Multi Conference of Engineers and Computer Scientists,
pp. 973–978. Hong Kong: Newswood Limited.

33. Griffith LJ & Leonard D (1997) Association of colors with
warning signal words. Int J Ind Ergon 20, 317–325.

34. Leonard SD (1999) Does color of warnings affect risk
perception? Int J Ind Ergon 23, 499–504.

35. Rodriguez MA (1991) What makes a warning label salient?
In Proceedings of the Human Factors Society 35th Annual
Meeting, pp. 1029–1033. Santa Monica, CA: Human Factors
Society.

36. Siu KWM, Lam MS & Wong YL (2017) Children’s choice:
color associations in children’s safety sign design. Appl
Ergon 59, 56–64.

37. Young SL (1991) Increasing the noticeability of warnings:
effects of pictorial, color, signal icon and border. In
Proceedings of the Human Factors Society 35th Annual
Meeting, pp. 580–584. Santa Monica, CA: Human Factors
Society.

38. Dichter E (1971) The strategy of selling with packaging.
Package Engng Mag, July issue, 16a–16c.

39. Riley MW, Cochran DJ & Ballard JL (1982) An investigation
of preferred shapes for warning labels. Hum Factors 24,
737–742.

40. Dewar RE (1999) Design and evaluation of public infor-
mation symbols. In Visual Information for Everyday Use:
Design and Research Perspectives, pp. 285–303 [HJG
Zwaga, T Boersma and HCM Hoonhout, editors]. London:
Taylor & Francis.

41. Food Standards Agency (2007) Front-of-Pack Traffic Light
Signpost Labelling. Technical Guidance, Issue 2. London:
FSA.

42. Pan American Health Organization (2016) Pan American
Health Organization Nutrient Profile Model. Washington,
DC: PAHO.

43. Dovey D (2015) Too Much Salt: How A Diet Too High In
Sodium Can Affect Your Heart, Brain, And Even Bone
Health. http://www.medicaldaily.com/too-much-salt-how-
diet-too-high-sodium-can-affect-your-heart-brain-and-even-
bone-330910 (accessed December 2016).

44. Marturama A (2016) 8 signs you’re eating too much sugar.
http://www.self.com/story/8-signs-youre-eating-too-much-
sugar (accessed December 2016).

45. Verhagen H & van Loveren H (2016) Status of nutrition and
health claims in Europe by mid 2015. Trends Food Sci
Technol 56, 39–45.

46. Marín Reboledo V (2015) Nuevo etiquetado de alimentos: la
ley con que Chile pretende terminar con la obesidad. http://
www.emol.com/noticias/Nacional/2015/06/26/723383/
Nuevo-etiquetado-de-alimentos.html (accessed June 2017).

47. Pieters R & Wedel M. (2004) Attention capture and transfer
in advertising. Brand, pictorial, and text-size effects. J Mark
68, 36–50.

48. Graham DJ & Jeffery RW (2011) Location, location, location:
eye-tracking evidence that consumers preferentially view
prominently positioned nutrition information. J Am Diet
Assoc 111, 1704–1711.

49. Louviere JJ (1988) Analyzing Individual Decision Making:
Metric Conjoint Analysis. SAGE University Series on
Quantitative Applications in the Social Sciences no. 67.
Newbury Park, CA: SAGE Publications, Inc.

50. Green P & Srinivasan V (1990) Conjoint analysis in mar-
keting: new developments with implications for research
and practice. J Mark 54, 3–19.

51. Johnson FR, Kanninen B, Bingham M et al. (2007)
Experimental design for stated-choice studies. In Valuing
Environmental Amenities Using Stated Choice Studies,
pp. 159–202 [KB Kanninen, editor]. Dordrecht: Springer.

52. McFadden D (1974) Conditional logit analysis of qualitative
choice behaviour. In Frontiers in Econometrics, pp. 105–142
[P Zarembka, editor]. New York: Academic Press.

53. Lancsar E, Louviere JJ & Flynn TN (2007) Several methods to
investigate relative attribute impact in stated preference
experiments. Soc Sci Med 64, 1738–1753.

54. Aizaki H (2012) Basic functions for supporting an imple-
mentation of choice experiments in R. J Stat Soft 50, 1–24.

55. Greenwald AG & Banaji MR (1995) Implicit social
cognition: attitudes, self-esteem, and stereotypes. Psychol
Rev 102, 4–27.

56. Greenwald AG, McGhee DE & Schwartz JLK (1998) Mea-
suring individual differences in implicit cognition: the
implicit association test. J Pers Soc Psychol 74, 1464–1480.

57. Peirce J (2007) PsychoPy – psychophysics software
in Python. J Neurosci Methods 162, 8–13.

3370 M Cabrera et al.

https://doi.org/10.1017/S136898001700249X Published online by Cambridge University Press

http://www.latercera.com/noticia/ventas-chocolates-bajan-8-primer-ano-la-ley-etiquetado/
http://www.latercera.com/noticia/ventas-chocolates-bajan-8-primer-ano-la-ley-etiquetado/
http://www.latercera.com/noticia/ventas-chocolates-bajan-8-primer-ano-la-ley-etiquetado/
http://www.medicaldaily.com/too-much-salt-how-diet-too-high-sodium-can-affect-your-heart-brain-and-even-bone-330910
http://www.medicaldaily.com/too-much-salt-how-diet-too-high-sodium-can-affect-your-heart-brain-and-even-bone-330910
http://www.medicaldaily.com/too-much-salt-how-diet-too-high-sodium-can-affect-your-heart-brain-and-even-bone-330910
http://www.self.com/story/8-signs-youre-eating-too-much-sugar
http://www.self.com/story/8-signs-youre-eating-too-much-sugar
http://www.emol.com/noticias/Nacional/2015/06/26/723383/Nuevo-etiquetado-de-alimentos.html
http://www.emol.com/noticias/Nacional/2015/06/26/723383/Nuevo-etiquetado-de-alimentos.html
http://www.emol.com/noticias/Nacional/2015/06/26/723383/Nuevo-etiquetado-de-alimentos.html
https://doi.org/10.1017/S136898001700249X


58. Veldhuizen MG, Oosterhoff AF & Kroeze JH (2010) Flavors
prime processing of affectively congruent food words and
non-food words. Appetite 54, 71–76.

59. Bialkova S & van Trijp H (2010) What determines consumer
attention to nutrition labels? Food Qual Prefer 21,
1042–1051.

60. Treisman AM & Gelade G (1980) A feature-integration
theory of attention. Cogn Psychol 12, 97–136.

61. Bialkova S, Grunert KG & van Trijp H (2013) Standing out in
the crowd: the effect of information clutter on consumer
attention for front-of-pack nutrition labels. Food Policy 41,
65–74.

62. Shen X, Wan X, Mu B et al. (2015) Searching for triangles: an
extension to food & packaging. Food Qual Prefer 44, 26–35.

63. Kovach CK & Adolphs R (2015) Investigating attention in
complex visual search. Vis Res 116, 127–141.

64. Jarvis BG (2004) DirectRT Research Software, Version
2004 [Computer Program]. New York: Emprisoft.

65. Roberto CA, Wong D, Musicus A et al. (2016) The influence
of sugar-sweetened beverage health warning labels on
parents’ choices. Pediatrics 137, e20153185.

66. VanEpps EM & Roberto CA (2016) The influence of
sugar-sweetened beverage warnings: a randomized trial of
adolescents’ choices and beliefs. Am J Prev Med 51,
664–672.

67. Chapanis A (1994) Hazards associated with three signal
words and four colours on warning signs. Ergonomics 37,
265–275.

68. Senate Bill 203 (2015) Sugar-sweetened beverages:
safety warnings. https://leginfo.legislature.ca.gov/faces/
billNavClient.xhtml?bill_id=201520160SB203 (accessed June
2017).

69. City of Baltimore Ordinance 16-0617 (2016) Sugar-Sweetened
Beverages – Warning Labels. https://baltimore.legistar.com/
LegislationDetail.aspx?ID=2547410&GUID=BF49C0ED-0647-
4625-B7AE-C2592FCAFD7C&FullText=1 (accessed June 2017).

Design features of warnings 3371

https://doi.org/10.1017/S136898001700249X Published online by Cambridge University Press

https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160SB203
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160SB203
https://baltimore.legistar.com/LegislationDetail.aspx?ID=2547410&GUID=BF49C0ED-0647-4625-B7AE-C2592FCAFD7C&FullText=1
https://baltimore.legistar.com/LegislationDetail.aspx?ID=2547410&GUID=BF49C0ED-0647-4625-B7AE-C2592FCAFD7C&FullText=1
https://baltimore.legistar.com/LegislationDetail.aspx?ID=2547410&GUID=BF49C0ED-0647-4625-B7AE-C2592FCAFD7C&FullText=1
https://doi.org/10.1017/S136898001700249X

	Nutrition warnings as front-of-pack labels: influence of design features on healthfulness perception and attentional capture
	Study 1
	Materials and methods
	Results

	Study 2
	Fig. 1Perceived healthfulness of coloured circles on a 9-point scale (1�&#x003D;�&#x2018;unhealthful&#x2019;, 9�&#x003D;�&#x2018;very healthful&#x2019;) in Study 1 completed by Uruguayan adults (n 100) aged 18&#x2013;60 years. a,b,c,d,eMean values with un
	Materials and methods
	Results

	Study 3
	Fig. 2Example of the warnings considered in the choice-conjoint task used in Study 2 to evaluate the influence of design features of warnings on perceived healthfulness. The Spanish texts included in the warnings correspond to the following English expres
	Table 1Estimates of the parameters of the conditional logit model performed on data from the choice-conjoint task in Study 2, about the influence of warning design on perceived healthfulness, completed by Uruguayan adults (n 212) aged 18&#x2013;60�years
	Materials and methods

	Fig. 3Two of the screenshots of the implicit association test used in Study 3 for evaluating the association between colours (red and black) and the concept of health (bottom), and between shapes (octagon and triangle) and the concept of health�(top)
	Results

	Study 4
	Materials and methods

	Fig. 4Average response times (in ms) for trials in Study 4 with different combinations of words and shape (left) and words and colour (right) in the implicit association test&#x002A; completed by Uruguayan adults (n 88) aged 18&#x2013;63 years. Values are
	Results

	Study 5
	Materials and methods

	Fig. 5Examples of two sets of three labels presented in the visual search task of Study 4 to evaluate the influence of colour (black and red) on the attentional capture of warnings
	Table 2Average response times (in ms) in the visual search task of Study 4, containing groups of one or three labels for trials with and without warning signs of different colour, completed by Uruguayan adults (n 35) aged 18&#x2013;50�years
	Results

	Discussion
	Table 3Average response times (in ms) in the visual search task of Study 5, with labels of different size featuring warnings of different size and located in different positions of the label, completed by Uruguayan adults (n 61) aged 18&#x2013;53�years
	Conclusions
	Acknowledgements
	ACKNOWLEDGEMENTS
	References


