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Abstract
Objective: The present study investigated whether parent/child pairs would select
more healthful foods when: (i) products were labelled with front-of-package
(FOP) nutrition labels relative to packages without labels; (ii) products were
labelled with colour-coded Multiple Trafﬁc Light (MTL) FOP labels relative to
monochromatic Facts up Front (FuF) FOP labels; and (iii) FOP labels were
explained via in-aisle signage v. unexplained.
Design: Participants were randomly assigned to one of ﬁve conditions: (i) FuF
labels with in-aisle signs explaining the labels; (ii) FuF labels, no signage; (iii) MTL
labels with in-aisle signage; (iv) MTL labels, no signage; (v) control group, no
labels/signage. Saturated fat, sodium, sugar and energy (calorie) content were
compared across conditions.
Setting: The study took place in a laboratory grocery aisle.
Subjects: Parent/child pairs (n 153) completed the study.
Results: Results did not support the hypothesis that MTL labels would lead to more
healthful choices than FuF labels. The presence of FOP labels did little to improve
the healthfulness of selected foods, with few exceptions (participants with v.
without access to FOP labels selected lower-calorie cereals, participants with
access to both FOP labels and in-aisle explanatory signage selected products with
less saturated fat v. participants without explanatory signage).
Conclusions: Neither MTL nor FuF FOP labels led to food choices with
signiﬁcantly lower saturated fat, sodium or sugar. In-aisle signs explaining the
FOP labels were somewhat helpful to consumers in making more healthful dietary
decisions. New FOP labelling programmes could beneﬁt from campaigns to
increase consumer awareness and understanding of the labels.

The Dietary Guidelines for Americans and the WHO
recommend limiting intakes of sodium, added sugars,
saturated fat and total energy for health promotion and
disease prevention(1,2). Diet-related diseases represent a
considerable global public health threat, projected to incur
costs of millions of lives and billions of dollars by 2030(3–5).
The US Food and Drug Administration has mandated that
pre-packaged foods in the USA carry Nutrition Facts Labels
(NFL)(6) to help ‘consumers make informed choices and
maintain healthy dietary practices’(7). Similar nutrition
information panels are mandated in many countries (i.e.
Australia, Canada, the European Union, Hong Kong, India,
Malaysia, New Zealand)(8). Informed food purchasing is
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a global priority, but unfortunately consumers pay little
attention to NFL(9), likely due to their location on the side
facing of food packages(10). In addition, consumer
understanding of NFL is low, especially for children and
low-health-literate adults(11–13). It is difﬁcult for these
demographic groups to understand and effectively use
NFL because of the large amount of information presented
and because NFL lack interpretation aids (e.g. one must
know that a high percentage daily value (%DV) is desirable for some nutrients like calcium whereas a low %DV is
the goal for others like sodium)(14).
There is growing consensus that NFL alone are inadequate for guiding consumers, particularly children,
© The Authors 2016
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towards more healthful choices; even the Food and Drug
Administration, which mandated NFL, acknowledges
the challenges with using and understanding them(15).
Policy makers have made providing more useful nutrition
information a priority(16). Towards this end, the Food and
Drug Administration has solicited input (e.g. research
results) on how to improve nutrition labelling and plans to
implement front-of-package (FOP) labelling as part of this
initiative(16).
FOP labels have the potential to address many NFL
shortcomings. The prominent location of FOP labels
increases consumer attention relative to NFL(10). FOP
labels are widely used by consumers when available(17)
and, due to their translation of raw numbers into healthfulness metrics (e.g. stars, colours), they can be more
easily interpreted by adults and children than can NFL.
The use of all types of nutrition labelling (e.g. NFL, energy
labelling on menus) appears strongly driven by consumer
motivation(18), in that only those who are motivated to
consume healthy foods use available labels to pursue
healthier options. However, given FOP labels’ prominence
and amenability to heuristic processing, even those with
lower levels of motivation may by inﬂuenced by FOP
labels when selecting foods. It is nevertheless important to
consider participant motivation as a moderator of the
effects of FOP label availability on the healthfulness of
food selection.
Data are lacking about consumer use of FOP labels to
inform food choice(17). In particular, as noted in a recent
review of research needs on FOP labelling(19), there are
major knowledge gaps about how FOP labels are used by
consumers and whether FOP labels meet the needs of
consumers with lower levels of literacy and numeracy. In
addition, it is unclear whether FOP labels alone are
sufﬁcient to prompt healthier food choices or whether
additional support is needed to inform consumers that
these labels are available, to guide interpretation of the
labels and/or to encourage consumers to use these labels
to make healthier food choices. Recent work suggests that
FOP labels alone are less effective in reaching consumers
than FOP labels that are highlighted with in-aisle signage.
Speciﬁcally, 95 % of consumers viewed FOP labels during
a shopping task when these labels were accompanied by
explanatory in-aisle signage, while only 27 % of consumers
viewed the same labels when no such signage was
provided(10).
The present analysis examines the impact of FOP labels
and in-aisle signage identifying and explaining those
labels on the healthfulness of foods selected by consumers
in a randomized, controlled experiment. Two FOP label
formats were tested. The ﬁrst was an FOP system introduced as Nutrition Keys by the US Grocery Manufacturers
Association and Food Marketing Institute in January
2011(20) and later renamed Facts up Front (FuF); these
labels use a monochromatic background (Fig. 1) and four
differentiated sections to convey the amount per serving of
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Public health experts recommend that Americans
consume:
Less than 2000 calories per day
Less than 20 g saturated fat per day
Less than 2400 mg sodium per day
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What do the traffic light colours mean?
RED means the food is high in something we should eat less of (like
fat or sodium).
AMBER means that food has a medium amount of something we
should eat less of (like fat or sodium).
GREEN means the food is low in something we should eat less of
(like fat or sodium).
Healthier choices have more greens and fewer reds!
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Fig. 1 Facts up Front (FuF; top) and Multiple Traffic Light
(MTL; bottom) front-of-package (FOP) labels, and their
respective in-aisle explanatory signage
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energy (calories), saturated fat, sodium and sugar. At the
manufacturer’s discretion, FuF labels can also include up
to two additional ‘nutrients to promote’(20). In the present
study, only the four required nutrients to limit were
included. The second FOP label type was the Multiple
Trafﬁc Light (MTL), which uses colour designations to
indicate low (green), medium (amber) and high (red)
levels of key ‘nutrients to limit’. For the present study, MTL
labels used the same label format as the FuF labels (Fig. 1),
with the colour coding applied to the saturated fat, sodium
and sugars sections, based on the criteria used in the UK’s
MTL labelling system(21).
FuF labels were included in the study because they
have been widely adopted in the USA, but no data have
yet been published on their impact on consumer food
choices. It will be useful for informing the Food and Drug
Administration about whether the labels already in place
are helping consumers to make more healthful choices, or
whether an alternative system would better serve this
purpose. The alternative system tested here, MTL labelling,
is the FOP system with the most empirical research
supporting its use(17,22) and is hypothesized to lead to
more healthful food choices than FuF labels, as the MTL’s
colour coding provides added information beyond
the FuF’s numeric data. Indeed, UK consumers strongly
prefer to avoid foods labelled with red lights(23). Trafﬁc
light information is presented in an easily and quickly
understood format that can be useful to consumers without requiring in-depth processing of the label’s numeric
content. Previous European and Australian research has
demonstrated that consumers are better able to answer
health-related questions about food products when the
products are labelled with trafﬁc light systems relative
to monochromatic systems like FuF labels(24,25). US
consumers more successfully compared foods’ healthfulness and estimated nutrient levels when using MTL v. FuF
labels(26).
The added value of in-aisle signage (Fig. 1) was also
tested in the current study. Signage was of interest for
several reasons. Previous research suggests that it is
helpful to provide consumers with interpretational aids for
comparing the contributions that individual foods make
towards fulﬁlling daily requirements(14,27). MTL colours
provide this context, but American consumers were
expected to be unfamiliar with MTL labels because they
are not yet commonly used in the USA; therefore MTL
signage explained the meaning of the green, amber and
red designations. The potential for American consumers to
be initially confused by MTL labelling is supported by
consumer misunderstanding of the meaning of MTL labels
in the UK prior to the widespread adoption of MTL
labelling(28). Because there were no colours to provide
context regarding low, medium and high nutrient levels
for FuF participants, contextual information was included
on the FuF signage via the public health recommendations
used to calculate %DV.
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Finally, signage was designed to help make the FOP
labels useful for individuals with low literacy, including
children; face icons were used to achieve this goal. For
MTL labels, smiling, neutral and frowning faces
corresponded to low, medium and high levels of the
nutrients to limit, respectively. The FuF label format was
less conducive to providing symbolic information to
children due to the lack of differentiating colours; the
corresponding portion of the FuF signage paired the
frowning face with high levels of each FuF label
component.
It was hypothesized that signage would increase
healthfulness of food choices because using nutrition
labels is linked with healthier food choices(17) and signage
was expected to increase label use for several reasons.
Signage would: (i) notify previously unaware consumers
of the FOP labels’ presence; (ii) explain how to interpret
label contents; and (iii) help individuals with low literacy,
including children, identify healthy options.
In summary, the present study tested the impact of two
FOP labels on the nutrient composition of foods chosen by
consumers in a controlled experiment. It was hypothesized that participants with access to FOP labels would
make healthier food choices (deﬁned as items lower in at
least one of the nutrients to limit highlighted on the FOP
label) than participants without FOP labels, particularly if
they reported high levels of motivation to eat healthful
foods. Further, it was anticipated that participants with
access to MTL labels would make more healthful food
choices than those with access to FuF labels. Finally, it was
expected that in-aisle signage explaining FOP labels
would lead participants to select more healthful foods than
participants without signage.

Methods
Participants
Participants were recruited for a study of ‘family food
preferences’ through print, online and in-person sources.
Parents were eligible to participate if they could read
English, had a 6–9- year-old child and could attend a 1 h
laboratory visit during which they did not wear eyeglasses,
as the study required participants to wear eye-tracking
glasses. One hundred and ﬁfty-three parent/child pairs
from Minneapolis/St. Paul, MN, USA, enrolled. Parents
were primarily female, white and non-Hispanic, and
married. Mean parent BMI was 27·9 kg/m2 and parents
represented families with a range of educational and
socio-economic backgrounds (Table 1).

Procedures
Participants attended a one-time, 90 min visit at the
University of Minnesota in 2012 or 2013. Before beginning
the study procedures, all participants provided written
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Table 1 Demographic characteristics of parents and children, for the full sample and by experimental condition; parent/child pairs from
Minneapolis/St. Paul, MN, USA, 2012–2013
Experimental condition*
Full sample
(n 153)
n
Family characteristics
Race/ethnicity
White
Black
Native American
Other
Family income
≤$US 25 000
$US 25 001–50 000
$US 50 001–75 000
$US 75 001–100 000
$US 100 001–125 000
≥$US 125 001
Parent characteristics
Age (years), mean and SD
Sex (female)
BMI
<18·50 kg/m2
18·50–24·99 kg/m2
25·00–29·99 kg/m2
≥30·00 kg/m2
Marital status
Never married
Married
Other
Education
Less than college
Some college (<4 years)
College degree (4 years)
Graduate or professional education
Healthy food purchasing
Not important
Somewhat important
Important
Very important
Child characteristics
Age (years), mean and SD
Sex (female)
BMI
>85th percentile
>95th percentile
>97th percentile

%

1 (n 33)

2 (n 29)

3 (n 26)

4 (n 35)

5 (n 30)

n

n

n

n

n

%

%

%

%

%

126
12
11
9

82·4
7·8
7·2
5·9

27
3
2
1

81·8
9·1
6·1
3·0

23
2
3
1

79·3
6·9
10·3
3·4

22
2
1
2

84·6
7·7
3·8
7·7

27
3
2
3

77·1
8·6
5·7
8·6

27
2
3
2

90·0
6·7
10·0
6·7

19
28
35
36
12
18

12·4
18·3
22·9
23·5
7·8
11·8

2
7
5
9
1
8

6·1
21·2
15·2
27·3
3·0
24·2

4
6
7
7
2
2

13·8
20·7
24·1
24·1
6·9
6·9

0
7
6
9
2
1

0·0
26·9
23·1
34·6
7·7
3·8

8
3
9
7
4
2

22·9
8·6
25·7
20·0
11·4
5·7

5
5
8
4
3
5

16·7
16·7
26·7
13·3
10·0
16·7

38·1
134

6·2
87·6

37·4
32

4·7
97

39·3
23

6·9
79·3

38·8
22

6·0
84·6

37·5
29

7·6
82·9

38·0
28

5·1
93·3

2
56
50
45

1·3
36·6
32·7
29·4

1
12
15
5

3·0
36·4
45·5
15·2

0
10
8
11

0·0
34·5
27·6
37·9

0
7
9
10

0·0
26·9
34·6
38·5

0
15
10
10

0·0
42·9
28·6
28·6

1
12
8
9

3·3
40
26·7
30·0

19
112
16

12·4
73·2
10·5

6
25
1

18·2
75·8
3·0

4
19
5

13·8
65·5
17·2

0
21
4

0·0
80·8
15·4

5
23
4

14·3
65·7
11·4

4
24
2

13·3
80·0
6·7

14
48
55
31

9·2
31·4
35·9
20·3

1
6
15
10

3·0
18·2
45·5
30·3

3
11
9
5

10·3
37·9
31·0
17·2

2
11
10
2

7·7
42·3
38·5
7·7

5
11
8
9

14·3
31·4
22·9
25·7

3
9
13
5

10·0
30·0
43·3
16·7

0
34
58
54

0·0
22·2
37·9
35·3

0
7
12
13

0·0
21·2
36·4
39·4

0
5
7
14

0·0
17·2
24·1
48·3

0
7
10
8

0·0
26·9
38·5
30·8

0
8
14
11

0·0
22·9
40·0
31·4

0
7
15
8

0·0
23·3
50·0
26·7

7·3
75

1·1
49·0

7·3
16

1·1
48·5

7·6
16

1·0
55·2

7·4
15

1·2
57·7

7·3
15

1·0
42·9

7·2
13

1·2
43·3

38
11
8

24·8
7·2
5·2

10
1
0

30·3
3·0
0·0

8
4
3

27·6
13·8
10·3

6
1
1

23·1
3·8
3·8

6
4
3

17·1
11·4
8·6

8
1
1

26·7
3·3
3·3

For some variables, sums do not equal 100 % due to non-responding (e.g. income) and/or selecting multiple responses (e.g. race/ethnicity).
*Conditions: 1, Facts up Front (FuF) labels, no signage; 2, FuF labels with signage; 3, Multiple Traffic Light (MTL) labels, no signage; 4, MTL labels with signage;
5, control, no labels or signage.

informed consent (parents) and assent (children). All study
procedures were approved by the University of
Minnesota’s Institutional Review Board. Study aims and
primary outcomes were deﬁned a priori and recorded in
advance of data collection and analysis(29). Participants
were compensated with six foods of their choosing, a
$US 20 gift card, parking remuneration and a small toy.
Using a 2 (FOP label type: FuF, MTL) × 2 (explanatory
signage: present, absent) + 1 (control group: no FOP
labels, no signage) design, participants were randomly
assigned to one of ﬁve conditions (see Fig. 2 for diagram
of study ﬂow). Randomization to condition was blocked

by day, so the aisle was reset with the ninety foods
appropriate to the condition only once per day.
Randomization was conducted by the project manager via
random number draw. Parent and child participants were
weighed and measured by research staff using a standard,
calibrated scale and stadiometer before beginning the food
selection task in a separate room.
Participants wore eye-tracking glasses (Tobii Technology, Danderyd, Sweden) during the food selection task to
objectively measure attention to FOP labels. The data
reﬂecting parental attention to nutrition information and
parent/child interactions during the food choice task are
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Enrolment

Assessed for eligibility (n 236)
Excluded (n 83):
• Not meeting inclusion criteria (n 11)
• Declined to participate (n 14)
• Did not respond after initial contact (n 51)
• Did not attend scheduled visit (n 7)
Randomized (n 153)

Allocation

Allocated to FuF
label condition, no
signage (n 33)

Allocated to FuF
label condition, with
signage (n 29)

Allocated to MTL
label condition, no
signage (n 26)

Allocated to MTL
label condition, with
signage (n 35)

Allocated to no
FOP label
condition, no
signage (n 30)

Analysis

Analysed (n 153)
• Excluded from analysis (n 0)

Fig. 2 Study enrolment and randomization flow diagram (FuF, Facts up Front; MTL, Multiple Traffic Light; FOP, front-of-package)

reported elsewhere(10) (RG Lucas-Thompson, DJ Graham,
D McPhee et al., unpublished results). Prior to entering the
laboratory grocery aisle, participants were given instructions about the food selection task. Participants were told
to behave as they typically would when food shopping
and work together to select two foods from each of three
categories (‘crackers/cookies’, ‘cereals’ and ‘chips/snacks’,
for a total of six foods) to take home. To reduce their
potential inﬂuence on participants’ food choices,
researchers remained outside the room while participants
selected foods and only one participant pair was in the
aisle at a time.
The grocery aisle contained ninety foods, thirty each
across three food categories selected for relatively long
shelf-life, pre-packaged status (i.e. they would be impacted by labelling initiatives), within-category variety on the
nutrients of interest (i.e. the amounts of saturated fat,
sodium and sugar in the products within each category
were variable) and common occurrence in supermarkets
and convenience stores. These three categories were:
(i) crackers/cookies (e.g. cheese crackers, wheat crackers,
vanilla cookies, chocolate cookies); (ii) breakfast cereals
(e.g. puffed rice, shredded wheat); and (iii) chips/snacks
(e.g. potato chips, tortilla chips, pretzels, popcorn).

Products were displayed in their actual packages and were
positioned in the same relative locations as in the grocery
store from which they were purchased (e.g. cereals marketed towards children were located on shelves closer to
child eye-level than cereals marketed towards adults).
Price tags were afﬁxed to shelves below each product and
displayed the cost of the items when purchased in the
local grocery store when the study began in May 2012
(prices for cereals ranged from $US 3·39 to $US 4·94;
chips/snacks ranged from $US 2·09 to $US 5·09; crackers/
cookies ranged from $US 1·69 to $US 4·79). Three sets of
products were used for the experiment, one for each label
condition (MTL, FuF, no label). For the MTL and FuF
conditions, 5 cm × 2·5 cm FOP labels were afﬁxed to the
food packages in the upper right-hand corner of the
package. The in-aisle signage (Fig. 1) included four signs
of approximately 13 cm × 18 cm. Two signs were positioned approximately one-third of the distance from each
end of the aisle (one at a height chosen to approximate
eye-level for children and one at a height intended to be
readily visible to adults).
Participants could pick up and examine as many
products as they wished when making their choices.
When their decisions were ﬁnalized, they were asked to

0·46
0·39
0·46
0·36
0·36
0·82
0·83
0·69
0·84
0·66
58·08
58·71
70·26
64·92
64·60
185·47
206·35
174·50
184·26
192·18
1·25
0·80
1·41
1·07
1·14
1·56
1·28
1·83
1·37
1·65
11·06
11·49
8·81
10·74
10·46
146·36
145·34
151·54
144·14
149·00
2·40
2·44
2·31
2·21
2·71
9·02
9·48
9·04
9·36
9·33
38·09
34·87
30·76
37·06
27·01
157·88
153·97
163·37
155·07
160·67
0·19
0·19
0·20
0·15
0·19
FOP, front-of-package; FuF, Facts up Front; MTL, Multiple Traffic Light.

0·12
0·18
0·17
0·11
0·17
19·57
14·61
11·38
11·81
11·40
134·70
137·24
140·77
140·57
138·33
FuF
FuF
MTL
MTL
None
(n
(n
(n
(n
(n

33)
29)
26)
35)
30)
1
2
3
4
5

No
Yes
No
Yes
No

SD

Mean
SD

Mean
SD

Mean
SD

Mean
SD

Mean
SD

Sugar (g)
Sodium (mg)

Mean
SD

Mean
SD

Sugar (g)
Sodium (mg)
Calories (kcal)

Saturated fat (g)

Chips/snacks
Cereals

Saturated fat (g)
Calories (kcal)

Mean
FOP label
Condition no.

Explanatory
signage

3·53
2·61
3·10
3·46
3·43
6·29
5·94
6·26
5·36
6·01
37·46
43·00
37·98
40·16
36·76
135·00
147·07
150·67
164·07
161·25
0·91
0·86
0·87
0·93
0·95
1·61
1·56
1·80
1·49
1·50
18·37
23·60
20·88
20·58
21·96
121·21
125·00
118·27
123·86
125·67
1·31
1·21
1·32
1·51
1·45
5·38
5·42
5·33
5·19
5·33
29·44
24·37
31·91
30·50
21·16
159·45
169·13
162·85
167·80
171·37
0·59
0·36
0·56
0·47
0·50
1·10
1·01
1·27
0·99
1·11
7·97
9·25
8·68
8·21
6·70
134·09
135·86
136·86
136·19
137·67
FuF
FuF
MTL
MTL
None
(n
(n
(n
(n
(n

33)
29)
26)
35)
30)
1
2
3
4
5

No
Yes
No
Yes
No

SD

Mean
SD

Mean
SD

Mean
SD

Mean
SD

Mean
SD

Mean
SD

Mean
SD

Mean
FOP label
Condition no.

Sugar (g)
Sodium (mg)
Saturated fat (g)
Calories (kcal)

Crackers/cookies

Sugar (g)
Sodium (mg)
Saturated fat (g)
Calories (kcal)

Statistical analysis
ANOVA were used to compare amounts of saturated fat,
sodium, sugar and calories across all six foods chosen and
within the three food categories (crackers/cookies,
cereals, chips/snacks) across the appropriate combinations of study conditions to test each hypothesis. For
Hypothesis 1 (FOP labelling leads to more healthful
choices), analyses compared FOP label groups (conditions
1–4; see Table 2) with the no-FOP label group
(condition 5). To test Hypothesis 2 (MTL labels lead to
more healthful choices than FuF labels), the MTL label
groups (conditions 1 and 2) were compared with the FuF
label groups (conditions 3 and 4). To test Hypothesis 3
(signage increases the healthfulness of food selections
relative to FOP labels without signage), groups that
included both FOP labels and signage (conditions 1 and 3)
were compared with FOP label groups without signage
(conditions 2 and 4).
Power analyses (two-tailed, α = 0·05) for ANOVA conducted to test Hypotheses 1–3 were performed using
G*Power3(30). These analyses suggested that all ANOVA
had adequate power (1− β = 0·78) to detect moderate
(d = 0·5), and large (d = 0·8), effects (1− β = 0·99), but less
than ideal power (1− β = 0·17–0·24) to detect small
(d = 0·2) effects.
In addition, MANOVA were used to examine whether
main effects of FOP labelling, FOP label type and signage
were moderated by factors identiﬁed in previous research
as related to using nutrition information: participant
motivation to purchase healthy food and demographic
characteristics (parent and child BMI, family income and
parental education)(31,32).

Explanatory
signage

Measures
Food healthfulness was quantiﬁed as the average amount
per serving of calories, saturated fat, sodium and sugar
of the six chosen products, with lower levels of these
nutrients considered more healthful. BMI was calculated
(kg/m2) based on measured height and weight. Parents
self-reported their age, race, ethnicity and sex.

All products

place into a grocery basket two foods from each of the
three categories, for a total of six foods that they then took
home with them upon study completion. After selecting
the foods, parents completed a questionnaire in which
they self-reported demographic information including
race, ethnicity, family income, age, sex, marital status,
education, as well as their motivation for eating healthfully, which was assessed with the following item: ‘How
important is it to you to purchase healthy foods?’ Answer
choices were: ‘Not important’, ‘Somewhat important’,
‘Important’ and ‘Very important’. While parents completed
the questionnaire, study staff bagged and recorded (for
subsequent nutritional assessment) the six food items that
participants had placed in their grocery basket.

779
Table 2 Mean (and standard deviation) nutrients per serving among products selected, by experimental condition; parent/child pairs (n 153) from Minneapolis/St. Paul, MN, USA, 2012–2013

Explained v. unexplained FOP nutrition labels

780

Results
Table 2 displays mean calories, fat, sodium and sugar
per serving by product type and experimental condition.
Hypothesis 1, that FOP labelling would lead to more
healthful food choices, was not supported. Although
participants in the four FOP label groups (n 123) did select
chips/snacks with marginally less sugar compared with
those participants (n 30) without FOP labels (0·66 v.
0·80 g; F(1, 151) = 2·95, P = 0·088, η2 = 0·02), on most
comparison criteria (calories, saturated fat and sodium in
all three categories, and sugar in cereals and crackers/
cookies) there were no signiﬁcant differences based on
FOP presence (P values ranged from 0·15 to 0·98). The
only other η2 value greater than 0·01 was 0·014 (P = 0·15)
for lower sodium in crackers/cookies among the FOP
label group (149 mg) v. the control group (161 mg). See
Table 3 for summary of study ﬁndings.
In addition, there was no evidence to support Hypothesis 2 that MTL labelling would lead to more healthful
food choices compared with FuF labels. There were no
signiﬁcant differences for calories, saturated fat or sugar
between the groups that selected foods from products
labelled with MTL labels (n 61) v. FuF labels (n 62). For
sodium (F(1, 121) = 6·07, P = 0·015, η2 = 0·05), those in the
group exposed to FuF labels selected crackers/cookies
with a lower average level of sodium (141 mg) compared
with those exposed to MTL labels (158 mg). The FuF
group also chose crackers/cookies with marginally fewer
calories than the MTL group (136 v. 141 kcal per
serving; F (1, 121) = 3·22, P = 0·075, η2 = 0·03). Among all
other results, P values ranged from 0·19 to 0·98; the only
other η2 value greater than 0·01 was 0·014 (P = 0·19) for
higher sodium in chips/snacks in FuF (195 mg) v. MTL
(180 mg).
Finally, there was some evidence to support Hypothesis
3 that access to educational signage increases healthful
food choices among participants who had access to FOP
labels. These analyses included the 123 participants in
conditions 1–4, where FOP labels were present. Compared with those without access to signage (n 59), those
with access to signage (n 64) selected chips/snacks with
fewer calories (145 v. 149 kcal; F(1, 121) = 4·19, P = 0·043,
η2 = 0·03) and marginally less saturated fat (1·3 v. 1·7 g;
F (1, 121) = 2·81, P = 0·096, η2 = 0·02), and marginally
lower levels of saturated fat across all six selected products
(1·0 v. 1·2 g; F(1, 121) = 3·62, P = 0·059, η2 = 0·03), but
crackers/cookies with more sodium (156 v. 142 mg;
F (1, 121) = 3·97, P = 0·049, η2 = 0·03). For non-signiﬁcant
results, P values ranged from 0·16 to 0·99, and η2 values
greater than 0·01 were for higher calories in cereals
in the signage group (124 v. 120 kcal; η2 = 0·012, P = 0·24),
higher sodium in chips/snacks in the signage group
(194 v. 181 mg; η2 = 0·012, P = 0·23) and higher sodium
in all products in the signage group (168 v. 161 mg;
η2 = 0·017, P = 0·16).
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There were no signiﬁcant interactions between participant motivation and label presence or signage presence,
but there was a signiﬁcant interaction between label type
and motivation (F(24, 200) = 1·61, P = 0·041, η2 = 0·16).
Between-groups comparisons indicated that the only
individual outcome for which this interaction was a
signiﬁcant predictor was sugar in chips/snacks
(F (2, 110) = 3·46, P = 0·035, η2 = 0·06). Although this result
reached statistical signiﬁcance, its practical/clinical
signiﬁcance is dubious, as the mean sugar level for chips/
snacks purchased by all groups was less than 1 g (range
0·63–0·93 g). In addition, there was a main effect of
motivation (F(24, 260) = 2·49, P < 0·001, η2 = 0·19) on food
healthfulness. This main effect was in the expected
direction and was particularly evident for saturated fat in
products chosen (i.e. less saturated fat in products chosen
by individuals for whom it was ‘very important’ to purchase healthy food, followed by those for whom it was
‘important’, and the highest levels in products chosen by
those for whom healthy purchasing was only ‘somewhat
important’).
Parent BMI had a direct effect on food healthfulness
such that parents with higher BMI selected cereals with
fewer calories and chips/snacks with more calories and
sodium than parents with lower BMI (F(24, 274) = 1·63,
P = 0·035, η2 = 0·13). However, parent BMI did not interact
with label presence, label type or signage presence.
There were no main effects of child weight status (over
85th BMI percentile v. not), but child weight status did
interact with in-aisle signage to predict food healthfulness
(F(12, 108) = 2·09, P = 0·024, η2 = 0·19). Speciﬁcally, the
presence of in-aisle signage inﬂuenced the sugar content
of foods chosen by parent/child pairs in which the child’s
BMI was >85th percentile, but the signage did not affect
the sugar content of foods chosen by pairs with children
having lower BMI. Among those pairs with a >85th percentile BMI child, the impact of the signage on sugar
content differed by product category, with signage predicting lower sugar among crackers/cookies (4·5 v. 8 g for
those without signage) but higher sugar among cereals
(10·5 v. 8·5 g for no-signage pairs).
Neither parent education nor household income
demonstrated direct or interactive effects on food
healthfulness.

Discussion
Overall, the study hypotheses received little support.
Although there were some results suggesting that FOP
labelling and in-aisle explanatory signage were related to
more healthful food choices, there were also ﬁndings
suggesting that these FOP labels did not signiﬁcantly
contribute to more healthful choices. Given the forty-eight
comparisons conducted across the study’s three hypotheses and α level of 0·05, one could expect to ﬁnd
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FOP, front-of-package; MTL, Multiple Traffic Light; FuF, Facts up Front; FOP + , FOP plus explanatory signage.
Results in bold supported hypothesis.

FOP + = FOP
Calories (crackers/cookies, all products)
Saturated fat (cereals, crackers/cookies)
Sodium (cereals)
Sugar (cereals, chips/snacks, crackers/cookies, all products)
FOP + < FOP
Calories (chips/snacks)
FOP + > FOP
Sodium (crackers/cookies)
FOP + (n 64) v.
FOP only (n 59)

FOP + < FOP
Saturated fat (chips/snacks, all products)
FOP + > FOP
Calories (cereals)
Sodium (chips/snacks, all
products)

MTL = FuF
Calories (cereals, chips/snacks, all products)
Saturated fat (cereals, chips/snacks, crackers/cookies, all products)
Sodium (cereals, all products)
Sugar (cereals, chips/snacks, crackers/cookies, all products)
MTL > FuF
Sodium (crackers/cookies)
MTL (n 61) v. FuF
(n 62)

MTL < FuF
Sodium (chips/snacks)
MTL > FuF
Calories (crackers/cookies)

FOP = No FOP
Calories (cereals, chips/snacks, crackers/cookies, all products)
Saturated fat (cereals, chips/snacks, crackers/cookies, all products)
Sodium (cereals, chips snacks, all products)
Sugar (cereals, crackers/cookies, all products)
None
FOP (n 123) v. no
FOP (n 30)

H1:
FOP < No FOP
Calories
Saturated fat
Sodium
Sugar
H2:
MTL < FuF
Calories
Saturated fat
Sodium
Sugar
H3:
FOP + < FOP
Calories
Saturated fat
Sodium
Sugar

FOP < No FOP
Sugar (chips/snacks)
Sodium (crackers/cookies)

Non-significant results
(P ≥ 0·10, η2 ≤ 0·01)
Marginally significant results
(0·10 > P > 0·05, η2 > 0·01)
Significant results (P < 0·05)
Groups compared
Hypotheses

Table 3 Summary of study findings: the influence of front-of-package labels and explanatory signage on consumer food choice

Explained v. unexplained FOP nutrition labels

approximately three signiﬁcant results due to chance
alone. Only three statistically signiﬁcant results emerged
across the three hypotheses, underscoring the conclusion
that the FOP labelling systems tested here did not increase
the healthfulness of food choices as anticipated.
Most counter to expectations, the multicoloured, intuitive MTL labels produced no more healthful food choices
than the monochromatic FuF labels. Although many previous studies informed the hypothesis that consumers
would make healthier choices with MTL labels than with
FuF labels, not all previous research found trafﬁc light
labels to be superior to monochromatic labels. Grunert
and colleagues reported that consumers were as able to
understand products’ healthfulness with trafﬁc light labels
as with monochromatic labels like FuF(33). Similar results
were reported by Malam and colleagues(28).
The lack of MTL superiority over FuF labelling in the
present study may owe, in part, to MTL labels’ unfamiliarity to these participants, as MTL labels do not appear on
foods in the USA. It is possible that, given the opportunity
to use MTL labels, over time the hypothesized beneﬁts of
these labels would emerge among American consumers.
Indeed, in other countries that have adopted trafﬁc lightstyle labelling, consumers have reported liking, understanding and using these labels; and among FOP labelling
systems, MTL labelling has accumulated the most research
evidence of beneﬁting consumers in identifying more
healthful products(22).
Still, these labelling systems may be difﬁcult for consumers to interpret. We found that there were few differences in nutrient composition of foods selected by those in
the FOP label groups and those who saw no labels
(control condition), especially before signage was added
explaining how to use these labels, which may explain
why FOP labels, even those that are colour coded with a
familiar scheme (e.g. the red, amber and green colours of
a trafﬁc light), may not, on their own, convey clear nutrition messages to consumers. Moreover, the addition of
explanatory in-aisle signage improved, to some extent, the
healthfulness of foods chosen. Even the slight increase in
sodium among cracker/cookie selections made by the
participants with access to explanatory signage may be
partially explained by these consumers attempting to
make healthier choices. Choosing between savoury
options (i.e. crackers) and sweet options (i.e. cookies),
consumers seeking to make more healthful choices may
have followed a heuristic strategy in which sugar was
deemed the more important nutrient to reduce and/or
cookies were considered less healthful than crackers
despite the higher sodium content of the cracker options
in this aisle. Tentative support for this position comes from
a descriptive examination of the food choices made by
participants with and without signage: 27 % of participants
without signage selected two sweet products (i.e. cookies)
from the cracker/cookie aisle, whereas only 17 % of the
participants with signage did so.
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The somewhat increased healthfulness of products
selected by participants in the signage conditions may be
explained, in part, by the increased attention these participants paid to FOP labels. We previously reported that
only one in four participants who had access to FOP
labels, but no signage, actually viewed FOP labels,
whereas nearly all participants in the signage conditions
viewed the labels(10). In order for any FOP labels to lead to
more healthful dietary patterns, consumers must ﬁrst view
the labels, and our data indicate that in-aisle signage signiﬁcantly increased the attention consumers paid to FOP
labels. The value of attending to labels, particularly trafﬁc
light labels, for increasing healthy eating has also been
recently demonstrated in a cafeteria setting(34). Previous
eye-tracking research also indicates that food package
information to which consumers attend impacts their foodrelated decisions(35). Thus, measures such as in-aisle signage that demonstrably increase attention to nutrition
information should be considered key components of
nutrition labelling programmes in order to promote consumer attention to the desired information.
Although it was expected that motivated consumers
would make healthier choices when they had access to the
FOP labels and that unmotivated consumers would not,
the labels did not signiﬁcantly impact motivated or
unmotivated consumers’ choices. Some previous research
has also documented a lack of the interaction hypothesized here(36); however, the previous results failed to
support the interaction for essentially the opposite reason:
use of nutrition information was linked with healthier
consumption patterns among both motivated and unmotivated individuals.
Finally, consistent with previous research(37,38), parent
and child BMI were related to the healthfulness of foods
selected. In the present study, main effects emerged for
parent BMI, and interactions were demonstrated between
child BMI and signage presence. Although the relationship
between BMI and food choice was not uniform across
product types (e.g. higher parent BMI was related to
lower-calorie cereal choices and higher-calorie chip/snack
selections), there was evidence that higher BMI was related to greater use of nutrition information. For example,
the in-aisle explanatory signage inﬂuenced food choices
among pairs with overweight, but not normal weight,
children. This suggests that, encouragingly, the point-ofdecision information was guiding food choices made by
pairs with overweight children.
Strengths
The current study was the ﬁrst to compare the impact of
FuF and MTL labels on consumers’ food choices and also
the ﬁrst to examine the role played by explanatory signage
in the FOP labelling/food choice context. A strength of this
research was that participants actually took home the
foods they selected, rather than just reporting purchase
intentions. Collecting data regarding actual consumer food
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selections is beneﬁcial because participants would be less
likely to take home foods they did not actually want to eat,
whereas participants seeking to convey an image of
health-consciousness could self-report intending to purchase a healthy food if there were no real-world implications of stating such an intention (i.e. if they did not
receive the chosen foods). Including children in the current study was another strength, as many food shopping
trips are made by parents and children together and children frequently impact parents’ food choices(39). In addition, FOP labels have the potential to be understood and
used by children and more readily explained to children
by parents; therefore, food choices made by parents and
children are of particular interest in studies of FOP labels.
Limitations
The study was designed to be similar to a real-life grocery
shopping experience (i.e. products were located as they
are in a grocery store, participants placed foods into a
grocery basket, price tags were present) and to promote
natural behaviour, participants were instructed to behave
as they typically would when food shopping. It is possible
that this instruction biased participants towards selecting
foods they typically choose and reduced the potential
impact of FOP labels and signage on food choices. It is
also possible that characteristics of the study design (e.g.
providing six foods – two from each of three categories –
free of charge) and laboratory setting produced some
types of artiﬁcial behaviour and that these differences
could represent important limitations of the present study.
In addition, providing participants with six foods to take
home, rather than a ﬁxed amount of money with which to
select foods, may have led participants to choose items
based on price rather than preference (i.e. participants
may have sought to maximize value and selected the two
most expensive items from each food category); however,
this methodological choice was made deliberately to
ensure an equal number of products were selected by
each participant pair. In addition, this pattern of preferentially choosing more expensive foods was not
observed in these data; for the three food categories,
selected products averaged 1 cent more, 19 cents more
and 6 cents less than the mean price of all available products in the category.
Requiring participants to choose two foods from each of
the three categories also did not allow them to take
advantage of the ‘no-choice’ option that they have in real
life and may have inﬂuenced the choices made in the
present study(40). By not including the no-choice option, it
was not possible for a participant to avoid a category of
foods entirely or to opt for foods from a category that
would be healthier overall than those available in the
study (e.g. fresh produce). Although each category included in the study did contain products spanning a wide
range of healthfulness (from low levels – green lights – for
two or all three nutrients to limit to multiple red lights
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indicating high levels of these nutrients), it would be even
more beneﬁcial for public health if, in real life, FOP labels
on packaged goods such as particularly unhealthy chips
and snacks inﬂuenced consumers to select healthier
unpackaged options, particularly fresh produce, rather
than somewhat healthier chips and snacks. Due to study
constraints, it was not feasible to stock the laboratory with
fresh produce to examine this possibility.
In addition, the requirement to choose two foods from a
category may have resulted in food choices interacting
with one another(41). For example, the attributes of one
chosen food may have impacted subsequent choices
through ‘balancing’, in which consumers who selected one
unhealthy food then selected a healthier option to offset,
or balance, the prior choice. In contrast, consumers might
see an initial choice as ‘highlighting’ a salient goal
(e.g. a healthier choice indicating that health goals are a
priority, or a tastier but less healthy initial choice indicating
that pleasure goals are a priority) and align subsequent
food selections with the goal that received initial
highlighting. Future research on the impact selected
items have on one another (e.g. whether balancing or
highlighting occurs within and/or between categories)
would make an important contribution to understanding
food choice.
It should also be noted that only two label types were
examined in the current study. Although the MTL labels
have been previously shown to be liked by and helpful for
consumers(22,42), there is also evidence that simpler label
formats (e.g. systems using stars or smiley faces) can be
evaluated more quickly and easily by consumers(43).
Recent research suggests that evaluative labels, such as
the ‘Healthy Stars’ initiative proposed by the Institute of
Medicine, have a stronger impact on consumer behaviour
than do reductive FOP labelling systems such as the
FuF labels(44). However, it should be noted that simpler,
evaluative systems can mislead consumers to make more
positive nutrient evaluations than are warranted(45). In
addition, although the present study did not test an
exclusively evaluative system, the MTL labels provided
both reductive (presenting only selected nutrients to limit)
and evaluative (i.e. green, amber and red evaluations of
nutrient healthfulness) elements. Nevertheless, it would be
very informative for future research to compare additional
FOP systems varying both on complexity and on reductive
v. evaluative dimensions in regard to their impact on food
choice. Finally, it should be noted that for any in-store
nutrition labelling education efforts to succeed, supermarkets must be willing to provide this type of information; although it is unlikely that all grocers would be
willing to devote space in their stores to nutrition education, there is evidence that many chains would do so.
Many grocery chains (e.g. HyVee, King Soopers, Price
Chopper, Tops, and at least twenty others(46)) have paid to
license the NuVal labelling system and provide in-store
signage explaining to consumers how to use this system.
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Finally, power to detect small effects was limited in the
current study. Therefore, although analyses suggest that
we can have conﬁdence that there are few moderateto-large (and to some extent small-to-moderate) differences in food choice based on the FOP labels tested here,
small differences in food choice based on label exposure
may have gone undetected. Although it is possible for
small effects to accumulate across large groups and create
meaningful population health beneﬁts(47,48), ideally, given
the resources that would be required for implementation,
an FOP system mandated by the Food and Drug Administration would produce effects on individual food choice
that would be somewhat larger in magnitude.
Future directions
Prospective research would help clarify whether FOP
labels with simplifying heuristic schemes, such as colour
coding or symbols indicating varying levels of nutrients or
overall product healthfulness, do provide advantages over
FuF labels. It may take time for any new system to be
recognized and used by consumers, but it is possible that
once a system becomes familiar, those that are more
intuitive or easier to use at a glance will be more helpful to
consumers in identifying healthier choices. Previous eyetracking research reveals that consumers spend only about
1 second looking at nutrition information when making
food choices(9,49) and that FOP labels are viewed substantially more often than NFL(10), likely due to their more
prominent position on the front of a package and their
ability to be viewed without having to remove a food
package from a shelf; therefore, it is likely that an FOP
label that can be viewed quickly and understood at a
glance will be used more by consumers. The beneﬁts of
explanatory in-aisle signage that were previously reported
with regard to visual attention(10) and received some
support in the present analysis with regard to food
choice suggest that the introduction of any new FOP
labelling system should be accompanied by an informational campaign to educate consumers about where to
ﬁnd, and how to use, the new labels. It would also be
useful to examine how different forms of education
provision (e.g. televised public service announcements
v. in-aisle signage) affect consumer understanding and use
of FOP labels.

Conclusions
Although the presence of FOP labels and explanatory
signage predicted consumer selection of somewhat more
healthful products, the beneﬁts of FOP labels and signage
were limited (i.e. beneﬁts were seen only for certain
nutrients in certain food categories) and were not as
widespread as would be ideal for public health beneﬁt.
Although it is likely that consumers would make healthier
food choices if a uniform FOP system was adopted and
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clearly explained, a different labelling system may be
more beneﬁcial for consumers than those tested here.
Further, additional measures (e.g. increasing consumer
knowledge of the beneﬁts of reducing consumption of
speciﬁc nutrients such as sodium and sugar, increasing
consumer motivation for healthy eating, or promoting the
good taste of healthier products) beyond merely adding
new FOP labels may be necessary to increase the
healthfulness of consumer choices.
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