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ABSTRACT

Different Front-of-Pack (FOP) nutritional labels have been implemented in order to increase con-
sumers’ awareness of food nutritional quality and encourage healthier choices. However, few
studies have analysed the effects of FOPLs on consumers’ subjective understanding and liking
across different socio-cultural contexts. This study tests the effect that the new enriched inform-
ative label Nutrinform Battery and the summary label Nutri-Score have on subjective comprehen-
sion and liking across 2776 respondents of seven European countries (France, Germany, Greece,
Italy, Portugal, Romania and Spain). Main effects regarding socio-demographic differences are
also explored according to extant literature and highlighting significant effects of education and
income. This study therefore extends the current research on subjective understanding and liking
with a cross-country analysis. Findings suggest that Nutrinform Battery can help consumers in
understanding information in a relevant way, obtaining the highest performance across countries
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and showing limited impact of socio-cultural differences.

Introduction

In recent years, the increase in consumption of high-
sugar, high-fat, high-salt and energy-dense food, com-
bined with changes in lifestyle and a decreased phys-
ical activity, contributed to a sharp surge in the
number of people affected by obesity (WHO 2020).
According to some estimates, by 2025, obesity will
increase in 44 countries and, as many as 33 of the 53
European states will be characterised by 1 in 5 people
which will be over-weight (Pineda et al. 2018).
Furthermore, the projections are not encouraging:
some forecasts suggest that 51% of the world popula-
tion will be obese by 2030 (Finkelstein et al. 2012).
Given the magnitude of the problem, and without a
clear intervention in order to revert the trends, serious
negative consequences might affect part of the popula-
tion, with subsequent risks on noncommunicable dis-
eases (WHO 2020).

Therefore, also in light of the relationship between
individuals’ nutritional conditions and success in
chronic disease prevention, helping consumers to make
healthier food choices has become a priority for gov-

ernments, authorities, socially responsible businesses

and organisations, in their attempt to identify ways to
control overweight and obesity.

The solution would require not only a potential
change in formulation by producers of some specific
pre-packaged products, but also, and more important,
the development of a system that can help consumers
taking food-eating decisions, eventually positively chang-
ing them, in an informed way. On their side, companies,
institutions and society at large have increasingly com-
mitted to actions aimed at reformulating the nutritional
information presented on food packages (van der Bend
and Lissner 2019). While back-of-pack information
already showed their effectiveness in generating healthier
eating intentions on people who read those information
(Barreiro-Hurle et al. 2010), a more “visible approach”
would be required to widen the impact of labels. In par-
ticular, the introduction and diffusion in some countries
of “Front-of-Pack Labels” (also, in the acronyms, “FOP
labels” or “FOPLs”), i.e. labels that carry nutritional
information on the front of the packaging of food prod-
ucts (van der Bend and Lissner 2019) that are not
Nutrition Facts Panel (NFP), represents an important
opportunity to increase consumer awareness, to link eat-
ing habits to the state of health, and to stimulate the
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reduction of the demand and consumption of products
with high levels of sugars, sodium and saturated fats.
FOPL in recent years have then become more and more
part of the discussion among institutions, governments,
firms and private citizens. The number of initiatives pro-
moted by nutritionists, food scientists and the media has
significantly increased. These initiatives all tend to create
associations, direct and indirect, between the presence
(or absence) of certain nutrients and health and well-
being, with sometime the aim of “nudging”, i.e. “gently”
affecting consumer behaviours (Thaler and Sunstein
2008) towards a more balanced and healthier personal
diet, to which many improvements are connected for
individual consumers and for the community. However,
the absence of a unique worldwide regulation has gener-
ated, overtime, a great variety of FOP labels, often com-
bined with equally heterogeneous regulatory policies,
with a lack of unambiguous and incontrovertible eviden-
ces of an absolute superiority of a specific FOPL, affect-
ing behaviours and the health of consumers. Scientific
backing on previous cross-country studies, shows non-
identical performances of different FOPL on variables
along multiple steps of consumers’ behaviour. The prob-
lem is then far from being solved, while the recent EU
“Farm-to-Fork” Strategy highlights the need of harmon-
isation among FOPL within 2022 (European
Commission 2020).

This paper aims at contributing to the current dis-
cussion by exploring subjective understanding and lik-
ing in seven European Countries, characterised by a
different state of FOPLs public debate and market
penetration. Specifically, the study investigates the
perception that consumers have on NutrInform
Battery, a new Nutrient Specific enriched informative
FOPL, and compare it with Nutri-Score, one of the
most diffused Summary Label at EU level, designed to
support consumers make healthier choices.

The paper is organised in three sections. First, we
briefly recap some FOPL alternatives present in the
market, illustrate the selected FOPL classification uti-
lised and its link with the main theoretical framework.
We then show statistical analyses and the main results
with specific attention to potential cross-interactions
between FOPL and countries. Finally, we discuss the
main implications, highlighting the limitations of our
work and hypothesising new research avenues.

Conceptual framework and extant literature

In Europe, FOPLs were first introduced in the late
1980s in Sweden through the adoption of the Keyhole
Logo (Kanter et al. 2018). In 2006, the European food

and drink industry presented the Guideline Daily
Amount (GDA), later known as Reference Intakes
(RI). In 2011, the European Union introduced a
Regulation (EU Regulation 1169/2011 2011) allowing
Member States, together with Iceland, Norway,
Liechtenstein and Switzerland, to develop, on a volun-
tary basis, FOPLs guidelines and stimulating a debate
about the effectiveness of the different systems in use
(van der Bend and Lissner 2019). In the absence of a
FOP nutritional scheme that would be understandable
and acceptable for all EU consumers, Member States
and food business operators developed their own
schemes, adapted to their consumers, and compliant
with certain criteria. Examples are the Multiple Traffic
Light (MTL) introduced in the UK in 2013 by the
Department of Health (European Parliaments and the
Council 2020), the Nutri-Score (NS), adopted in
France as of 2017, in Belgium as of 2019, in Germany
as of 2020, and announced to be adopted in
Luxembourg in 2021, and the NutrInform (NI)
Battery System, a proposal from the Italian govern-
ment in 2020. Outside Europe, other relevant systems
are the Health Rating System (HSR), present on a vol-
untary basis in New Zealand as of 2014 (Hamlin and
McNeill 2016) and the Warning Labels (WL) present
in the Chilean market as of 2016 (Reyes et al. 2019).
In 2018, at global level, a FOP scheme is present in
more than 40 countries (Anvisa 2018).

Extant literature provided different definitions, tax-
onomies, and classifications of FOPLs (Kanter et al.
2018; van der Bend and Lissner 2019). In this paper,
we adopt the current EU view on typologies and for-
mats of FOPL, based on schemes implemented, or
proposed, or announced at Member States and UK
level (European Parliaments and the Council 2020).
The approach distinguishes FOPL in two main catego-
ries: (1) “Nutrient Specific FOP” and (2) “Summary
Labels”. The first category is then clustered into two
main sub-categories: (la) “Numerical FOP”, typically
“non-directive”, reductive/non-interpretative labels
(Talati et al. 2017a; Newman et al. 2018; Ikonen et al.
2020) as the Reference Intake (RI), or the newly sub-
mitted enriched informative NutrInform Battery (NI),
and (1b) “Colour coded”, as the semi-directive, evalu-
ative/interpretative Multiple-Traffic Light (MTL). The
second category, which includes directive and evalu-
ative (interpretative) labels, is also clustered into the
two main sub-categories of (2a) “Positive (endorse-
ment) logos”, as the Keyhole, the health logos and the
Healthy Choices, and the (2b) “Graded indicators”, as
the Nutri-Score. The idea behind “summary labels” is
to guide consumers towards the purchase of foods



with a low content of specific ingredients (fats, sugar
and sodium) and/or the presence of ingredients that
are assumed to have a positive effect on health (e.g.
vegetables, proteins, fibre, fruit), regardless of the fre-
quency and dosage of the specific food intake and
consumer’s health status. In this perspective, evalu-
ative/interpretative labels, such as Nutri-Score, tend to
improve the amount of information provided by the
Nutrition Fact Panel, making available a summary of
the information shown by the back-of-pack labels
(Talati et al. 2017b; Chantal et al. 2017). On the
above, evaluative labels include all FOPLs which,
through algorithms and treatment of quantitative
information on the presence of nutrients, propose a
qualitative evaluation of the product, expressing it in
a synthetic form through images or symbols that are
easy to interpret (e.g. through colors); by contrast
reductive labels insert information regarding calories
and nutrients on the front of the packs, without pro-
posing predefined interpretative evaluations of the
effects of the product contents on nutrition and
health, but limiting to provide relevant information in
a clear way that will then be decoded and interpreted
by the consumer.

Conceptual framework

We structure our design following the framework
developed by Grunert and Wills (2007), one of the
most utilised in past FOPL studies on consumers’
understanding of nutrition information and subse-
quent food choices (Méjean et al. 2013, 2014; Ducrot
et al. 2015a; Julia et al. 2015a, 2015b; Chantal et al.
2017; Egnell et al. 2018a, 2018b, 2019; Talati et al.
2019). The framework is articulated in the following
phases: exposure, perception, understanding and lik-
ing, and use. Given the objectives of our study, we
concentrate on consumer understanding and liking as
consumers’ responses to FOPL exposure and their
ability to inform consumers on the nutritional values
of foods. The framework introduces two types of
understanding: subjective and objective.

Objective  understanding requires the correct
response to an information stimuli, compatible with
the meaning that the sender intended to communi-
cate, or, in other words, that a customer would attach
a “more healthy” vs. “less healthy” meaning to a prod-
uct characterised by a specific FOPL. On average,
“summary labels” registered the highest performance
regarding “objective understanding” (Hersey et al.
2013; Ducrot et al. 2015b; Egnell et al. 2018a, 2018b)
since they are characterised by a synthesis of the main
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information and, in most of the cases, by the presence
of colour, that is considered fundamental in capturing
consumers attention (Aschemann-Witzel et al. 2013;
Hersey et al. 2013; Ducrot et al. 2015a, 2015b; Egnell
et al. 2018b; Talati et al. 2019). However, due to the
fact that these labels provide less information if com-
pared with “nutrient-specific” ones, they are less
trusted by consumers and less likely to be wanted as
compulsory (Talati et al. 2019).

Subjective understanding, meanings that consumers
derive from the perceived label information and the
extent to which consumers believe they have under-
stood the communication in a relevant way. It could
serve as a basis to form consumers’ opinions and thus
an informed decision. Nutrient specific labels fit more
with the concept of giving consumers “data-driven”
information, empowering them to utilise information
for their best use, according to varying consumption
situations and occasions at single customer level. In
this respect, evaluative/interpretative labels register the
highest degree of liking, trustworthiness and informa-
tion fitness, while the most comprehensible are the
Warning Labels (Talati et al. 2019). The main short-
comings deriving from the usage of such systems
regard the time consumption and the overall compre-
hensibility of the label itself (Hersey et al. 2013; Talati
et al. 2017a).

Cross-country FOPL effectiveness

A relevant stream of recent academic research
focussed on comparing FOPLs effectiveness across
countries to understand whether any FOPL presents a
consistent superiority irrespective of socio-cultural dif-
ferences and different degree of market presence. The
topic is also a relevant element for the growing debate
among  governmental bodies at EU level
(Radosavljevic and Foote 2020), a discussion which
requires the backing of research evidences to inform
potentially divergent positions. We anticipate that, to
our knowledge, there is no uniform evidence of abso-
lute “superiority” of one label over the others along all
variables, as pre-condition to achieve the institutional
desired goal of overweight and obesity reduction and
supporting without any reasonable doubt changes in
consumers’ dietary habits.

According to the perspective of this paper, we con-
centrated on researches related to consumers’ under-
standing. In 2009, GDA/RI was tested in six countries
showing differences in wunderstanding and use
(Grunert et al. 2010a). van Kleef and Dagevos (2015)
studied attentional capture, processing time, purchase
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intention and perceived healthfulness, and the effect
of colour in terms of salience of the stimuli. In 2018,
11 FOPLs were tested in Canada, the US, the UK and
Australia, to understand symbols’ effectiveness in
communicating “high” level of critical nutrients in
time-limited situation (Goodman et al. 2018). More
recent studies focussed on perception to include man-
datory FOPL on products (Talati et al. 2019) and on
the discrimination of food products (Dréano-Trécant
et al. 2020).

With a specific focus on objective understanding, a
study on 12 countries (Egnell et al. 2018b) showed
how, irrespective of the socio-cultural contexts, the
Nutri-Score performed better than Health Star Rating
(HSR), Multiple-Traffic-Light (MTL), Reference Intake
(RI) and Warning Labels (WL) in terms of ranking
product categories on their nutritional quality and
helping customers to discriminate among foods. A simi-
lar study has recently been replicated in Italy (Fialon
et al. 2020). A subsequent study on the same coun-
tries, but on different variables - trust, liking, easy
understanding and capability of providing needed
information - showed how, differently from previous
cases, Multiple-Traffic-Light consistently over-per-
formed other FOPLs, with Nutri-Score showing a
lower performance in terms of comprehensibility,
trustworthiness and completeness (Talati et al. 2019).
Ares et al. (2018c) demonstrated that on one side
“Warning Labels” had a significant effect on consum-
ers’ purchase intention for a larger share of products
than Nutri-Score, on the other side, the Nutri-Score
and the Health Star Rating increased the percentage
of participants who regarded the products as healthful
compared to nutritional Warnings Labels.

A widely uncovered area in terms of cross-country
comparison is still related to subjective understanding,
and the understanding of which FOPLs can better
empower customers to take an informed decision.
Extant analysis focus in fact on single countries (De la
Cruz-Gongora et al. 2017; Vargas-Meza et al. 2019).
For example, a study on Italian consumers on a set of
high consumption categories of pre-packaged foods in
different “at-home” usage-occasions, showed the
effectiveness of NutrInform Battery and the positive
performance in being perceived by consumers as an
informative FOPL in terms of understanding of the
product composition (Mazzu et al. 2020).

A shift of focus in the tested variables might pro-
duce different results. To our knowledge, thus, previ-
ous researches are lacking in providing consistent
evidences that socio-cultural aspects might impact the
superiority of FOPL in specific dimensions of

consumer understanding. This study then contributes
to the current research and institutional debate and to
future research avenues in the perspective of subjective
understanding, comparing FOPLs belonging to differ-
ent nutritional labelling schemes, in multiple and
diverse EU countries.

Research objectives

In the light of the above, we will then explore the
impact, in terms of subjective understanding and lik-
ing, of two representative FOPLs, the “Nutrient
Specific”,  non-directive  enriched  informative
NutrInform Battery and the directive “Summary label”
Nutri-Score in multiple countries. We will analyse (i)
if Countries’ performance differs in terms of FOPL
subjective comprehension and likeability, i.e. if one of
the two labels presents a consistently better perform-
ance than the other, and if the magnitude of the dif-
ference is comparable across countries, (ii) the specific
main effects by-country, and (iii) if results are influ-
enced by individuals’ socio-demographics.

Tested countries vary in terms of official adoption
of FOPL in own market, “position” of Country’s
Governmental Bodies, percentage of penetration of
overweight and obesity in the population, “volume” of
the public debate and discussion on FOPL and socio-
cultural background.

Methods and materials
Stimuli

We conducted our research focussing on two labels
representative of different ends in the spectrum of
current FOPL categories: the brand-new NutrInform
Battery in the area of “Nutrient Specific FOP” and the
established Nutri-Score in the area of “Summary
Labels”. We selected NutrInform Battery FOPL also
because, to our knowledge, this non-directive label has
not yet been tested in any other study in EU coun-
tries, except for the study of Mazzu et al. (2020)
which specifically focussed on Italian respondents. We
then selected the directive Nutri-Score also for its aim
at helping consumers choosing the healthiest alterna-
tive and encourage producers to reformulate their
food products (Julia and Hercberg 2017). Among the
various summary labels presented in the market, the
Nutri-Score is one of the most frequently tested FOPL
in the recent literature (Ares et al. 2018b; Egnell et al.
2018b; Finkelstein et al. 2019; Talati et al. 2019;
Dréano-Trécant et al. 2020), obtaining in most of the
cases the highest performance in terms of objective



understanding and capability to allow respondents to
rank food products in terms of their nutritional qual-
ity. Moreover, Nutri-Score is currently among the
most adopted label in Europe, as it is presently
applied in France, Belgium and Germany and
intended to be adopted also in Netherlands, Spain and
Luxembourg (European Parliaments and the Council
2020). Finally, despite the overall volume of “Front-
of-Pack labelling” is quite low in social media, Nutri-
Score showed up as among the most discussed key-
words on this topic. An exploratory analysis on twitter
highlights that Nutri-Score dominates the discussion
on FOPL topic, as its volume of discussion is much
higher vs. both other FOPL tested in past cross-coun-
try analysis e.g. Multiple-Traffic-Light, Warning
Labels and Reference Intake) and vs. more generic
keyword as FOP, FOPL, and Front-of-Pack.

Research design

A between-subject design was used for this study,
with two different conditions as stimuli: condition (1)
with NutrInform Battery FOPL and condition (2)
with Nutri-Score FOPL. In each country, respondents
were exposed to one randomised condition (product
stickered with a FOPL) only. This resulted in a 2
(Nutri-Score vs. NutrInform Battery) x 7 (tested
countries), with a total of 14 different scenarios.

The decision to include mock products relies on
the purpose to avoid brand and additional informa-
tion influence on participants’ perceptions of the
products, in accordance with similar research (Arrda
et al. 2017; Pettigrew et al. 2017; Ares et al. 2018a;
Egnell et al. 2018b). The mock packages were realised
to resemble real food products in 4 alternative catego-
ries — yogurt, sauces, biscuits, and saltines - already
tested in a previous research (Mazzu et al. 2020). The
two FOPL variants covered approximately the same
surface area on the package of products belonging to
the same product category. Respondents saw also an
enlarged version of FOPL in order to clearly read the
information provided and answer to questions.

The study was carried out in seven countries -
France, Germany, Greece, Italy, Portugal, Romania,
Spain. To note, to the extent of our knowledge, no
other study has already tested the effect of
NutrInform Battery in terms of understanding and
liking on the aforementioned countries. The selection
of countries was based on a number of criteria: official
adoption of FOPL in own market, “position” of
Country’s Governmental Bodies, percentage of pene-
tration of overweight and obesity in the population,
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“volume” of the public debate and discussion on
FOPL, and socio-cultural background. For the first
criteria, at the time of field, one country (France)
already had a FOPL system (Nutri-Score), another
(Germany) was about to introduce a FOPL system
(Nutri-Score), while all other tested countries did not
have a specific FOP presence. Governmental institu-
tions also have different positions towards different
FOPL approaches: France, Germany and Spain in
favour (already adopting or announcing to adopt) of
the directive Summary Label “Nutri-Score”; Greece,
Italy and Romania in favour of enriched informative
Nutrient Specific systems (Radosavljevic and Foote
2020); Portugal as overall neutral in the debate. In
terms of the third criteria, obesity index (Eurostat
2014), countries perform differently with Italy at
10.5%, France at 14.7%, Germany at 16.4%, Spain at
16.2%, Portugal at 16.1%, Romania at 9.1% and
Greece at 16.9%. On the fourth criteria, an exploratory
Twitter-based query analysis, with 15,832 geo-refer-
enced tweets on a five months period from January to
June 2020, analysed the presence of Nutri-Score as
discussion topic and highlighted its relevance in the
debate in most of the tested countries. The fifth crite-
ria is backed by evidences of different scores in the
Dimension of National Culture (Hofstede Model
2011, 2020).

With the aim to contribute to the extant literature,
this research then outlines evidences on the accept-
ance of the brand-new enriched informative Nutrient
Specific system (NutrInform Battery) in terms of sub-
jective understanding and liking in the seven afore-
mentioned countries and compares results with one of
the most tested and spread Summary Label
(Nutri-Score).

Study population and data collection

A total of 2996 individuals from the 7 countries,
namely France (FRA), Germany (GER), Greece (EL),
Italy (ITA), Portugal (PT), Romania (RO) and Spain
(ES), were recruited through Qualtrics XM platform,
an international web panel provider, using demo-
graphic quotas based on age and gender, representa-
tive of country’s population. Details of sample size by
country and socio-demographics information are pro-
vided in Table 1. Participants were asked to complete
an online survey and had been excluded if the quota
bracket to which they belong, had been filled.
Respondents with a time response lower than
3 minutes were removed from the dataset (n=220;
7.34% of the sample). The 2776 net respondents
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completed an online questionnaire which collected
socio-demographic data before answering the ques-
tionnaire and expressing their opinion regarding
FOPL on food products.

For each country, the survey was submitted in the
local official language. Translation and adaptation was
provided by professional mother-tongue translators. A
soft launch of the survey was used to check consum-
ers’ acceptance and understanding of the question-
naire before full survey delivery. After having
answered information concerning socio-demographic
data, respondents in all countries had been randomly
assigned to one of the different stimuli presented
above, thus each respondent saw one of the four food
product categories with one of the two alternative
FOPL (NutrInform or Nutri-Score).

Subsequently, respondents were asked to read a
brief description of FOPL meaning, and asked to
answer questions aimed at measuring subjective
understanding and liking of the label they saw.

Participants gave their informed consent for inclu-
sion before they participated in the study.

Constructs and measures

The dimension of subjective understanding is consti-
tuted by the following sub-measures: (a) comprehensi-
bility design, (b) help-to-shop, (c) complexity. We also
add a specific set of measure for (d) liking. In line
with the items tested in past researches (Mazzu et al.
2020), we will utilise a set of measures all present and
derived from extant literature, and pre-validated in

terms of their reliability also for this study.
Specifically:
o Comprehensibility/design  items, rated through

(Moser et al. 2010): “I feel well informed by the
food label”, “This label is believable and trust-
worthy” and “This label is easy to interpret”
(alpha= 0.879);

e Help-to-shop items, rated through (Moser et al.
2010): “This label helps me to understand the
product composition”, “This label helps me to
understand different nutritional values”, “This label
makes it easier to choose food” (alpha= 0.895);

o Complexity items, rated through (Moser et al.
2010): “The food label is rather extensive”, “Using
this food label to choose foods is better than just
relying on my own knowledge about what is in
them” (alpha = 0.841).

o Liking, measured asking participants: “How do you
evaluate the label?”. Respondents expressed their
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opinion answering to the following scales: “bad/
good”, “unfavourable/favourable” and “negative/
positive” (Allen and Janiszewski 1989) (alpha
= 0.938).

Consumers were asked to rate their assessment on
all dimensions through a seven-point Likert scale.

Statistical analysis

Data obtained from participants’ results have been
analysed using IBM SPSS Statistics (version 25, SPSS
Inc., Chicago, IL, USA). After evaluating the reliability
to assess the scale consistency, we calculated and
graphed the means for the subdimension of subjective
understanding (comprehensibility design, help-to-shop
and complexity) and for liking in each country.

A 2 (FOPL condition) x 7 (Country) Analysis of
covariance (ANCOVA) was conducted to test whether
the means of each dependent variable (comprehensibil-
ity, help-to-shop, complexity and liking) are equal
across levels of the categorical independent variables
(FOPL and Country), while statistically controlling for
the effects of three variables, such as age, level of
income and education level. The interaction between
FOPL and country, while controlling for age, level of
education and income has been included as an inde-
pendent variable. Contrasts among FOPLs and coun-
tries were performed with a Bonferroni correction for
multiple comparisons applied to dimension to delving
into mean differences of each FOPL across countries.
The estimated marginal means for the different
FOPLs and the FOPL by country interactions were
graphed for all the dependent variables where a sig-
nificant main effect of FOPL or interaction between
FOPL and country was observed.

We included control variables in line with extant
literature findings (Egnell et al. 2018b; Talati et al.
2019). Indeed, former studies highlighted miscellan-
eous performances due to differences in socio-demo-
graphic characteristics of respondents, related to: (a)
age, (b) education, and (c) income level. Concerning
age, studies that consider children and adults as
respondents, highlighted a significant higher prefer-
ence among children towards summary/evaluative
FOPLs (Talati et al. 2016; Pettigrew et al. 2017), while
more heterogenous results were found across adults
and regarding elderly people, they are generally less
inclined to collect new information from FOPL and to
use it to improve their knowledge (Thiene et al
2018). Moreover, different education levels might
impact FOPL understanding, since the capacity of
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Table 2. Results of the two-way Analysis of Covariance (ANCOVA).

Liking

MS
1 32.014 14.853 *** 0.005

Complexity

Help-to-shop

Comprehensibility

df

SS

df MS
1 516.93
6 23213
6

SS
516.93

MS

1 541.256 217.596 *** 0.073

df

SS
541.256
150.799

MS

1 276.32

6
6

df

SS
276.32

Predictor

32.014
91.325
32.476

190.52 *** 0.065

124315 *** 0.043

Front-of-pack label (A)

Country (B)

7.062 *** 0.015

6 15.221
6 5413

8.56 *** 0.018

1.66

139.277
27.069

6.311 **¢ 0.022
1.842

6 25.133

6

5.678 *** 0.012

2,988 **

12.62

75.721
39.853

0.004 2511 *F* 0,005

4511

0.004

4.582

27.494

0.006

6.642

Front-of-pack label

x Country (A x B)

Age

0.001

2.707

5.835

1
1

5.835

57.278 21.11 *** 0,008

1

57.278

36.253

22.879
7458.614 2749

13.348 *** 0,005

7519 *

33.203
15.698
20.306

1
1
1

33.203

15.698

20.306
6837.96 2749

3.24 0.001

7.201

1
1
1

2749

7.201

0.002
0,004

*

9.442 438

1 2229

9.442
22.290
592529 2749

1336 *** 0.005

36.253
22.879

0.002

3615 *  0.001

8.035
26.965

8.035
26.965

6110.33

Level of education

Income
Error

10.341

843 *** 0,003

1

0.003

10.104 **

0.004

12,132 **

Comprehensibility: R* = 0.068; Help-to-shop: R* = 0.099; Complexity: R? = 0.099; Liking: R? = 0.030.

SS: sum of squares; df: degrees of freedom; MS: mean square; F: F-test; n2: effect size; *p < 0.05; **p < 0.01; *** p < 0.001.

Age, Level of education and Income are covariates.

decoding nutritional information is a function of the
education and lower education level could negatively
impact on FOPL understanding (Grunert et al. 2010b;
Julia et al. 2015b). This is particularly evident in stud-
ies involving nutrient-based FOPL, as for example RI,
since they are characterised by more complex infor-
mation, which request a higher cognitive workload to
be interpreted (Campos et al. 2011; Hawley et al.
2013; Hersey et al. 2013; Méjean et al. 2013; Gregori
et al. 2014; Ducrot et al. 2015a; Egnell et al. 2018b).
Similar results have been highlighted in case of low
income level which is correlated with preference of
consumers for more evaluative/directive labels
(Vargas-Meza et al. 2019) and lower level of use of
nutrition information (Grunert et al. 2010a, 2010b).
We ran a series of independent t-test in each coun-
try to analyse the magnitude of the difference between
the two FOPL on the four examined dimensions.
Finally, with the aim of understanding whether the
performance of each FOPL varies across countries, a
1 x 7 one-way Analysis of Variance (ANOVA) was
then carried out separately for NutrInform Battery
and Nutri-Score on each tested dependent variable.

Results

FOPL performance - descriptive statistics
by country

In the following paragraph, we report the mean per-
formance of NutrInform Battery and Nutri-Score in
each tested country. In France, the NutrInform
Battery reports a mean of 4.92 vs. 4.62 of Nutri-Score
in terms of comprehensibility, which reflects how
much respondents consider the label to be able to
inform, to be believable and easy to understand; 4.27
vs. 4.82 for the help-to-shop variable, which measures
the label’s ability to help customers understand prod-
uct composition and make related decisions; 4.67 vs
4.07 for complexity, which reflects the extent of the
label’s information. On the contrary, according to the
French sample, the variable liking scores a mean that
is higher for the Nutri-Score label, namely 5.05 vs.
4.89 of NutrInform Battery. This result occurs only in
the aforementioned country, but it is not statistically
significant. In Germany, the comprehensibility is
higher for the Battery than the Nutri-Score, namely
the former reports a mean of 52 vs. 4.66. For the
help-to-shop the mean is 5.08 vs. 4.23, for complexity
4.8 vs. 4.2 and for liking 4.95 vs. 4.8. In Greece, the
NutrInform scores a mean of 5.08 vs. 4.06 of the
Nutri-Score in terms of comprehensibility. Help-to-
shop (4.9 vs 3.8), complexity (4.5 vs. 3.5) and liking



(4.77 vs. 4.48) present a similar behavior. All report
mean differences which are higher for the NutrInform
Battery. In Italy, the NutrInform Battery reports a
mean of 5.06 vs. 4.4 of the Nutri-Score for the com-
prehensibility; 5.09 vs. 4.09 for help-to-shop; 4.81 vs
3.78 for complexity; and 5.07 v. 4.47 for liking. In
Portugal, comprehensibility is higher for NutrInform
Battery than the Nutri-Score (5.02 vs. 4.24), and same
for help-to-shop (5.1 vs. 3.9); complexity (4.6 vs. 3.5)
and liking (5.04 vs. 3.45). In Romania, the NutrInform
comprehensibility scores a mean of 5.35 vs. 4.84 of
Nutri-Score, 5.4 vs. 4.8 for the help-to-shop, 5.07 vs.
4.2 for the complexity and 5.3 vs. 5.2 for liking. In
Spain, the comprehensibility is 5.03 for the
NutrInform vs. 4.58 for the Nutri-Score, the
NutrInform help-to-shop is 5.06 vs. 4.2, complexity is
4.65 vs. 3.76 and liking 4.95 vs. 4.7.

FOPL-country interaction effect

We validated our results using a between-subjects
two-way ANCOVA for each dependent variable (com-
prehensibility, help-to-shop, complexity and liking),
while controlling for age, education and income. We
present results starting from the three dimensions of
subjective understanding and then we conclude with
liking (Table 2).

As shown in the Table 2, considering comprehensi-
bility as the dependent variable and FOPL system
(0 =Nutri-Score; 1=NutrInform Battery), country
and their interaction, as independent variables while
controlling for age, education and income, the control
variables show significant associations with compre-
hensibility except for age (F(1, 2749) = 3.240,
p=0.072). The ANCOVA also showed that there is a
significant main effect of NutrInform Battery on com-
prehensibility (MNutrInform = 5.11 vs. MNutri-Score
= 4.47; F(1, 2749) = 124.315, p=0.000). Regarding
the main effect of the country on the comprehensibil-
ity, we found it to be statistically significant (MGreece
= 4.65; MSpain= 4.80; MFrance = 4.70; MGermany=
4.82; Mltaly = 4.66; MPortugal = 4.75; MRomania =
5.16; F(6,2749)=5.678, p=0.000). Further, there was a
statistically significant interaction between FOPL sys-
tem and Country on comprehensibility, whilst control-
ling for age, income and education (F(6, 2749) =
2.988, p=0.007). In order to better examine such a
moderating influence, we controlled for planned con-
trast. It proved that according to the NutrInform
Battery, across all the countries, respondents are more
likely to consider the label to be able to inform, to be
believable and easy to understand (MNutrlnform =
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5.11 vs. MNutri-Score =
124.315, p =0.000).

Similarly, a two-way ANCOVA was carried out to
test whether significant effects of FOPL system exist
(NutrInform vs Nutri-Score), country and their inter-
action on help-to-shop, controlling for age, education
level and income. The results suggest that there is a
statically significant effect of FOPL system on help-to-
shop, which measures the label’s ability to help cus-
tomers understand product composition and make
related decisions (MNutrInform = 5.06 vs. MNutri-
Score= 4.17; F(1,2749)=217,596, p=0.000). Also, a
significant effect of the country on the dependent
variable has been outlined (MGreece = 4.46;
MSpain= 4.63; MFrance = 4.46; MGermany= 4.53;
MItaly = 4.5; MPortugal = 4.55; MRomania = 5.16;
F(6,2749)=6.311, p=0.000). A significant interaction
effect between FOPL system and Country has not
been found (F(6, 2749) = 1.842, p:0.087)1. Delving
into these outputs, we performed contrasts which
showed that there is a statistically significant mean
difference between NutrInform Battery and Nutri-
Score in each country (F(1,2749)=217.596; p = 0.000).

As regards to complexity, the two-way ANCOVA
showed a significant main effect of FOPL system
(F(1,2749)=190.523; p=0.000), Country
(F(6,2749)=8.555; p=0.000) and the covariates age
(F(1,2749)=21.111;  p=0.002), education level
(F(1,2749)=13.362; p=0.000) and income
(F(1,2749)=8,432; p=10.002). As regards to the inter-
action between FOPLs and Country we found it not
to be statistically significant (F(6,2749)=1.663,
p=0.290)>. The mean of NutrInform (MNutrInform
= 4.72) is higher than the one of Nutri-Score
(MNutri-Score = 3.85; F(1, 2749) = 190.523,
p=0.000). Thus, NutrInform Battery shows a better
performance in terms of complexity irrespective of the
country analysed.

Controlling for age, level of education and Income,
a two-way ANCOVA also proved variance’s hetero-
geneity on liking. First, the effects of the education
level (F(1, 2749) = 4.380, p=0.036) and income (F(I,
2749) = 10.341, p=0.001) were statistically signifi-
cant. Further, the analysis revealed that there is a sig-
nificant main effect of FOPL system on the liking
(MNutrIlnform = 4.99 vs. MNutri-Score= 4.76; F(1,
2749) = 14.853, p=0.000). Furthermore, there was a
significant main effect for the country on liking
((MGreece = 4.70; MSpain= 4.84; MFrance = 4.93;
MGermany= 4.79; Mltaly = 4.70; MPortugal = 4.89;
MRomania = 5.26; F(6,2749)=7.062, p =0.000). Also,
we found a significant interaction between the FOPL

447, FQ1, 2749) =
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Figure 1. Mean scores by Country on comprehensibility, help to shop, complexity and liking items for Nutri-Score and Nutrinform

FOPLs adjusted for age, education, income status.

system (Nutri-Score vs. NutrInform) and the country
on liking, whilst controlling for age, education and
income (F (6, 2749) = 2.511, p=10.02). Planned con-
trast showed that there is a statistically significant dif-
ference (MD= —0.217; SD = 0.056) between the
NutrInform Battery’s liking and Nutri-Score (F(1,
2749) = 2.155, p =0.000).

A synthesis of the adjusted mean is presented in
Figure 1.

By country analysis - Nutrinform battery vs.
Nutri-Score

According to the present study in all tested countries,
NutrInform Battery performed significantly better
than the Nutri-Score in terms of subjective under-
standing, showing some variability in terms of liking.
We illustrate the results of the independent t-test to
validate the magnitude of the differences between the
two FOPLs. In France, the NutrInform Battery reports
a directionally better performance than the Nutri-
Score on comprehensibility (t(339)=1.84; p=0.066),
and a significantly better performance on help-to-shop
(t(339)=3.15; p<0.01) and complexity (t(339)=3.37;
p <0.01). On the contrary, the variable liking presents
a not statistically significant higher mean for the
Nutri-Score (t(339)=1.03; p=0.303). In Germany, the
comprehensibility is statistically higher for the
NutrInform Battery vs. the Nutri-Score, (t(328)=3.31;

p<0.01). A similar situation can be observed for
help-to-shop (t(328)=4.80; p <0.01) and complexity
(t(328)=3.09; p < 0.01), while mean difference in lik-
ing is not significant (t(328)=0.70; p=0.481). In
Greece, the NutrInform Battery reports significant
mean differences vs. Nutri-Score on all four depend-
ent  variables. Specifically, comprehensibility
(t(438)=7.2; p<0.01), help-to-shop (t(438)= 7.04;
p <0.01), complexity (t(438)= 6.84; p <0.01) and lik-
ing (t(438)=2.18; p < 0.05). In Italy, all tested dimen-
sions vary significantly, with NutrInform Battery
performing better than the Nutri-Score for comprehen-
sibility (t(366)=4.09;  p<0.01), help-to-shop
(t(366)=5.78; p<0.01), complexity (t(366)=5.78;
p<001), and liking (1(366)=3.50; p<0.01). In
Portugal, comprehensibility is statistically higher in
NutrInform Battery vs. Nutri-Score (t(415)=7.03;
p<0.01). A similar performance is also present in
help-to-shop ~ (t(415)=8.50; p<0.01), Complexity
(t(415)=7.52; p<0.01) and liking (t(415)=11.02;
p<0.01). In Romania, the NutrInform shows a sig-
nificantly higher mean than Nutri-score for compre-
hensibility ~ (t(438)=3.51; p<0.01), help-to-shop
(t(438)=4.46; p<0.01), complexity (t(438)=4.73;
p <0.01), but not for liking (t(438)=0.80; p=0.421).
In Spain, in all tested variables, NutrInform Battery
performed better than Nutri-Score. Specifically, on
comprehensibility (t(438)=3.02; p <0.01), help-to-shop
(t(438)=5.57; p<0.01), complexity (t(438)=5.46;



p<001) and liking (1(438)=158 p=0.115).
According to the present study in all countries
NutrInform Battery performed significantly better
than the Nutri-Score in terms of subjective
understanding.

Subjective understanding and liking
across country

With the aim of understanding whether the perform-
ance of each FOPL varies across countries, a 1 x7
one-way Analysis of Variance (ANOVA) was then
carried out separately for NutrInform Battery and
Nutri-Score on each tested dependent variable.

Comprehensibility

In the case of NutrInform Battery, results (F(6, 1374)
= 2.120, p<0.05) showed that at least one country
presents a statistically significant different mean vs.
other countries. Post-hoc analysis highlighted that the
only significant variance is present between Romania
and France (MD=0.4290, p<0.05). A significant
main effect of the country (F(1, 1388) = 5.784,
p <0.001) occurred also on the Nutri-Score. In this
case, Romania positively differs from Greece
(MD =0.7760; p <0.001) and Portugal (MD =0.5995;
p<0.001) and, Greece from Spain (MD=0.5150;
p<0.05), France (MD=0.5531; p<0.05), and
Germany (MD =0.5987; p < 0.05). All the rest are not
significantly different.

Help-to-shop

Similar results are present also for this dependent
variable. The country is a significant predictor of the
help-to-shop in both FOPL (FNutrInformBattery
(1,1374) = 3.659, p < 0.001; FNutri-Score(1, 1388) =
6.748, p<0.001)). According to the contrasts, for
NutrInform Battery help-to-shop, only Romania sig-
nificantly differs from the other countries, with vari-
ability present on Romania-Greece (MD = 0.5348,
p<0.05) and Romania-France (MD = 0.5977,
p <0.05). For the Nutri-Score, the differences are sig-
nificant between Romania-Greece (MD = 0.9121,
p <0.05), Romania-Spain (MD = 0.5591, p < 0.05),
Romania-Italy (MD = 0.6619, p < 0.05) and Romania-
Portugal (MD = 0.8681, p < 0.05).

Complexity

Results highlight that the country significantly predicts
both NutrInform Battery (F(6, 1374) = 2.850,
p <0.05) and Nutri-Score complexity (F(1, 1388) =
7.506, p<0.001). For NutrInform Battery, mean
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differences are significant only in Romania, as testified
by the contrasts Romania-Greece (MD = 0.5477,
p<0.05) and Romania- Portugal (MD = 0.4611,
p <0.05). Nutri-Score wise, multiple differences in
contrast exist mainly connected to Romania
(Romania-Greece (MD = 0.8273, p < 0.05); Romania-
Spain (MD = 0.5432, p<0.05); Romania-Portugal
(MD = 0.8519, p<0.05)), Greece (Greece-France
(MD = 0.5933, p<0.05); Greece-Germany (MD =
0.7203, p<0.05), and Portugal (Portugal-France
(MD=—0.6180, p <0.05); Portugal-Germany
(MD= —0.7449, p < 0.05)).

Liking

NutrInform Battery and Nutri-Score significantly vary
across countries (FNutri-Score(1, 1388) = 5.817,
p<0.001); FNutrInformBattery(1,1374) = 2.643,
p <0.05). According to the contrast, NutrInform
Battery means differ in the pair Romania-Greece (MD
= 0.4876, p<0.05) and Nutri-Score in Romania-
Greece (MD = 0.6665, p < 0.05), Romania-Italy (MD
= 0.6757, p <0.05), Romania-Portugal (MD = 0.4844,
p <0.05), and Greece-France (MD= —0.5724;
p <0.05).

Discussion

This study explored consumers’ subjective understand-
ing and liking of the enriched-informative FOPL
NutrInform Battery and the summary FOPL Nutri-
Score across seven European countries. Tested coun-
tries have been selected on a number of criteria: offi-
cial adoption of FOPL in own market, “position” of
Country’s Governmental Bodies, percentage of pene-
tration of overweight and obesity in the population,
“volume” of the public debate and discussion on
FOPL, and socio-cultural background.

Results highlight that a significant effect exists in
the interaction between Country and FOPLs on com-
prehensibility and liking, while controlling for covari-
ates. On help-to-shop and complexity results show only
a main effect of FOPLs on the dependent variable,
without any significant interaction with the countries.
It suggests that the NutrInform Battery, in terms of
help-to-shop and complexity, relies on a positive assess-
ment of European consumers, irrespective of the
cross-cultural differences.

Subsequently, although the NutrInform Battery
reached higher means in each country for the investi-
gated variables (unless in France in the case of liking,
which is not significant), the label outperformed in
Romania. The aforementioned country in comparison
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to France (comprehensibility and help-to-shop), Greece
(help-to-shop, complexity, liking) and Portugal (com-
plexity) reached significant positive mean differences
which reflect the higher consumers’ evaluation accord-
ing to the FOPL. We signal no other differences in
terms of NutrInform Battery performance among
countries, implying a constant effectiveness of the
label in different socio-cultural backgrounds. The
effectiveness of NutrInform Battery could then be
considered stable across the European sample, except
for Romania which relies on a greater attitude towards
the two FOPLs. Indeed, the results are not heteroge-
neous, showing a common pattern in terms of com-
prehensibility, help-to-shop, complexity and liking
across the countries despite the potential socio-cul-
tural aspects which distinguish them.

Nutri-Score presents a similar situation for
Romania, with higher mean performance in compari-
son to Greece (comprehensibility, help-to-shop, com-
plexity and liking), Italy (help-to-shop, liking), Portugal
(all dimensions), and Spain (help-to-shop, complexity).
In addition, differences are also present in the per-
formance of Greece in comparison to France (compre-
hensibility,  complexity —and  liking),  Germany
(comprehensibility, complexity) and Spain (comprehen-
sibility); and Portugal in comparison to France (com-
plexity) and Germany (complexity), signalling a much
higher variability across countries in terms of subject-
ive understanding and liking.

A subsequent analysis by-country, signals the pres-
ence of a significant differential performance of the
two FOPLs. In all countries, NutrInform Battery
showed a consistent and greater effectiveness vs.
Nutri-Score on comprehensibility, help-to-shop and
complexity. Regarding liking, NutrInform Battery was
significantly the most favourably appreciated label in
Italy, Greece, Portugal. The difference of means was
not significant in France, where Nutri-Score outper-
formed NutrInform Battery, and Germany, Romania
and Spain where, on the contrary, NutrInform Battery
was preferred to Nutri-Score. The highest results
among French respondents for Nutri-Score could be
related to the fact that the FOPL is highly penetrated
and customers are used to see it in front of the pack-
age of the products in the supermarket during the
product selection phase and at home during product
consumption. Indeed, as mentioned in a previous
study (van Herpen et al. 2012) familiarity with a
FOPL can influence self-reported evaluations.

In terms of subjective comprehension, NutrInform
Battery had then been positively evaluated as it pro-
vided the information in an extensive and easy way

and it was considered helpful in understanding prod-
uct composition and different nutritional values.
These results confirmed what demonstrated in previ-
ous studies, where consumers perceived that more
information is better (Dana et al. 2019; Talati et al.
2019) and they trusted more FOPLs that were not
summary-based (Talati et al. 2019).

Moreover, it could be of interest to verify if the
various institutional positions regarding the FOPL
adoption that characterise each country, influence
how these labels are perceived and appreciated by
consumers. Indeed, differences in performance of
FOPL across countries may be related to some extent
also to the local context (Egnell et al. 2018b) and the
influence of public discussion on nutrition and label-
ling issues. Further research should also be conducted
adding other FOPLs currently present on the market,
as for example MTL or Warning Labels, to explore in
more detail, the different perceptions that can emerge
in relation to the different aims of FOPLs.

Our last level of the analysis evidenced some differ-
ences in terms of effectiveness according to the socio-
demographics. In line with the extant literature, our
results highlight there is a main effect of education
and income level on subjective understanding and lik-
ing, with age specifically on complexity.

These results added interesting insights regarding
the literature of FOPL perception among respondents
from different countries, focussing on two labels that,
to the extent to our knowledge, have not been fully
analysed in terms of subjective understanding
across-countries.

However, some limitations of the study should be
recognised. Experimental process did not allow partici-
pants to have access to back-of-pack information regard-
ing the nutritional composition of the products used in
the study and they do not have any tactile experiences
as in real life settings, as supermarkets. However, back-
of-pack information is rarely used during real shopping
situations (Van Kleef et al. 2008; Grunert et al. 2010a;
Chantal et al. 2017), where other relevant aspects can
have effect on consumers’ evaluations. Moreover, sub-
jective understanding and liking are just two dimensions
that influence consumers’ reactions to FOPL. Future
research should therefore focus also on other important
dimensions that influence consumer behaviour, as evalu-
ation and choice.

Since the results showed the effectiveness of
NutrInform Battery in terms of subjective understand-
ing and liking, future researches could deepen other
relevant aspects such as the influence on the willing-
ness-to-buy at retail level, on Perceived Healthiness



and on whether the NutrInform Battery could influ-
ence away-from-home behaviours promoting a health-
ier pattern or the overall effect in terms of objective
understanding. Furthermore, the incidence of socio-
cultural aspects which affect the individuals’ informa-
tion processing could be deepened according to the
attitudes to the FOPLs. Also, verify whether a prelim-
inary introduction and description of the NutrInform
Battery modify the respondents’ evaluation.

Conclusion

In conclusion, regarding subjective comprehension and
liking, NutrInform Battery emerged as more effective
than Nutri-Score in allowing consumers understand
information in a relevant way. It appeared to be
understood in a clear way across the various coun-
tries, showing limited impact of socio-cultural differ-
ences among countries and outweighing potential
familiarity of consumers with Nutri-Score in selected
countries where the FOPL label is already part of con-
sumers’ daily experience. Moreover, except for France
where Nutri-Score presented a higher mean, yet not
significant, than NutrInform Battery in terms of liking,
NutrInform Battery emerged as the preferred label on
subjective understanding within and across each coun-
try examined. Policy makers should be encouraged to
implement comparative studies including subjective
understanding to promote food education among con-
sumers and NutrInform Battery to guarantee an
informed selection and implementation of the most
efficient and useful scheme, while deep diving their
effectiveness in different socio-economical and health-
related segments of the population.

Notes

1. To test whether exists a significant interaction on
the items of the help-to-shop variable, we repeated
the two-way Ancova controlling for age,
education and income on each single measure.
Results suggest there is a significant interaction
effect only regarding the label “This label helps
me to understand different nutritional values”
(F(6,2749)=3,112; p=0.005). The interaction
between FOPLs and country for the items “This
label helps me to wunderstand the product
composition” (F(6,2749)= 1,290; p=0.258) and
“This label makes it easier to choose food”
(F(6,2749)= 1,464; p=0.187) is not significant.

2. To test whether exists a significant interaction on
the items of Complexity, we ran a two-way
Ancova on each single measure. Results suggest
there is no interaction in all the subdimensions of
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the construct. The label “The food label is rather
extensive” does not present a significant
interaction effect (F(6,2749)=1.201; p=0.302)
and, similarly, the label “Using this food label to
choose foods is better than just relying on my
own knowledge about what is in them”
(F(6,2749)=1.756; p = 0.104).
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