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Abstract

The application of Nutri-Score on food products is ubiquitous throughout Europe and studies demonstrating
its potential to stimulate healthier food choices are accumulating. At the same time, a strong need exists to
evenly harmonize and activate the communication of environmental impacts on food products, in synergy
with the Nutri-Score. This raises the question of whether the Nutri-Score could be expanded to an ‘Eco-
Score’ that would similarly encourage environmentally friendly food choices. This paper reports a
randomized control trial, in which a representative sample of 805 Belgian consumers was asked to
hypothetically buy ingredients for a meal in a small-scale mock-up E-grocery environment. The experiment
tested whether a combined Nutri-Score and Eco-Score affected the nutritional quality and environmental
impact of consumers’ food choices. This effect was compared to general and specific dietary
recommendations on the one hand, and to detailed impact tables on the other hand. Since visual distraction
often plays a role in informative persuasion, the treatments were evaluated subject to different levels of
distraction caused by product images. The average nutritional quality index (NQI) and environmental
impact index (EII) of the selected baskets were calculated to evaluate the effects of the manipulations. We
find that a joint Nutri-Score and Eco-Score label improves the NQI but not the EII. The general- and specific
recommendation as well as the detailed information also improved the NQI. However, the specific
recommendation was the only treatment that also improved the EIl. The improvements in NQI due to the
scores could be explained by a reduced consumption of pork. The improvements in EII induced by the
specific recommendation could mainly be explained by a reduction in beef consumption. Only very mild
indications were found that product images interfered with the effect of the scores. This study provides
some initial evidence and support for the use of dual Nutri-Score — Eco-Score label to induce transitions
towards healthier and more sustainable diets. We also find that recommendations outside the classic Front-
Of-Package label framework could be a promising way to realize such a transition. However, it remains to
be tested whether similar effects occur in real E-groceries and on a longer time scale.
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1. Introduction

1.1. Background

Our European food system remains an important driver of climate change and environmental degradation.
This is not only attributable to the agricultural sector, but the processing, packaging and retailing industries
are also contributing to greenhouse gas emissions, water, air and soil pollution and biodiversity loss (Gerten
et al. 2020; Poore and Nemecek 2018). Moreover, European consumers exhibit increasingly unhealthy
dietary patterns, which is reflected in the rising prevalence of overweight and obesity as well as in the
associated chronic diseases and health-care costs. In 2017, just under one million Europeans died of diseases
related to unhealthy dietary patterns (European Commission 2020).

Although these health- and environmental challenges are often addressed separately, they are closely
intertwined. In fact, diets including relatively more plant-based food, like fruits and vegetables, and less red
and processed meat, are simultaneously related to lower environmental impacts and improved nutritional
qualities (Biesbroek et al. 2014; Tilman and Clark 2014). Considering this rule of thumb in our diets would
therefore result in both a healthier diet and a reduction in environmental burdens. This link between public
health and environmental sustainability highlights the need for a comprehensive policy approach, to which
the present study aims to contribute.

Processing and retailing companies can greatly affect food consumption habits (Donovan and Rossiter
1994; Sherman, Mathur, and Smith 1997). Whereas companies used to see sustainability as a cost, they
increasingly embrace it as a business opportunity (Bonini and Gérner 2011). By incorporating sustainability
and presenting oneself accordingly towards stakeholders, customers and companies, a company can gain
competitive advantage, attract more investors and increase its stock market value (Chang 2011). More
money than ever is being invested in environmental sustainability, but there is still no agreement on a
standardized way to objectively quantify and communicate environmental outcomes of activities, services
and products. However, a standardized assessment and communication method could provide more
certainties regarding returns on sustainability investments and hence incentivize more of these investments.

Next, consumers’ awareness and interest in environmental sustainability has also grown drastically over
the past decades and has resulted in a higher willingness-to-pay for more sustainable food products
(Rousseau and Vranken 2013; Vanhonacker et al. 2013). Consumers’ ability to reward sustainable
production and to urge for a more environmentally responsible food supply could induce a demand-driven
transition that would benefit both consumers’ own health as those of their living environments (Grunert
2011). The introduction of hundreds of sustainability labels in the market has attempted to induce such a
demand-driven transition. However, those labels do still not play a major role in food choices because they
have to compete with food characteristics like price and taste (Grunert, Hieke, and Wills 2014b). Moreover,
the diversity of existing labels is highly confusing and the use of misleading sustainability claims has led
to mistrust amongst consumers (Castka and Corbett 2016; Chen and Chang 2013). As a result, about 50%
of European consumers still have difficulties in identifying environmentally friendly products (European
Commission 2019a). Hence, a transition in diets is being hampered by a lack of harmonized and reliable
information.

In the pursuit of more uniformity in the calculation and communication of environmental impacts, the
European Commission has been developing and testing the ‘“Product/Organisation Environmental
Footprint” (PEF/OEF) methodology (European Commission 2019b). The PEF methodology calculates the



overall environmental footprint of products throughout their entire life cycles. Calculations are based on
Life Cycle Assessments (LCA), in which 16 different environmental impact categories are considered.
While a lot of progress has been made to assess environmental impacts in a uniform manner, debates are
only starting to emerge on how these impacts should best be conveyed to stakeholders.

There are many parallels with the field of nutrition communication. The lack of uniformity and
unambiguous communication has been a particular problem there as well. Only recently, things have
changed more rapidly. Regulations on (misleading) health claims have become much more stringent and
the debate on how nutritional contents should be communicated as front-of-package labels (FOP) has more
or less been narrowed down to two major schools of thoughts: (1) those supporting Multiple Traffic Light
labelling and (2) the supporters of the more recent Nutri-Score. (Chantal and Hercberg 2017). The Nutri-
Score is winging its way around Europe as the standard communication vehicle of nutritional contents. It
has proven to be a highly intuitive and attention-grabbing label that could encourage better food choices
(Dubois et al. 2020; Egnell, Boutron, et al. 2019; Hagmann and Siegrist 2020; De Temmerman et al. 2021).
On top of that, reformulations have already been observed within manufacturers’ products since its launch
(Vermote et al. 2020). It is therefore important to build on these insights when developing a uniform
environmental score, in synergy with the Nutri-Score.

1.2. Consumer perspectives

Generally, dual-process theories postulate that consumer persuasion mainly operates through two routes:
(1) an automatic, peripheral route and (2) a reflective, central route (Kahneman 2011; Petty and Cacioppo
1986). While peripheral and even entirely unconscious persuasion can induce behavioural changes, an
informational approach remains essential for longer lasting and more predictable changes in dietary patterns
(Lehner et al. 2016; Petty et al. 2009; Reisch et al. 2013). Since the health and environmental impacts of
food products are not directly observable, displaying this information is essential to influence food choices.
In the food environment, many factors may prevent information from being used in food choices (Grunert
2011). Consumers’ motivation and ability to consider this information are major decisive factors for its use
(Grunert, Hieke, and Wills 2014). When information is provided, a trade-off typically exists between
accessibility and credibility. Simplified information is typically more accessible but oversimplified
messages are prone to be ignored due to lack of trust (Nuttavuthisit and Thegersen 2017; Tonkin et al.
2016). Similarly, more elaborate information can be perceived as more credible but too extensive
information is prone to be ignored due to information overload. Therefore, this study evaluates the potential
merits of easy-to-interpret and accessible labels (like the Nutri- and Eco-Score), to influence food choices
and compares it to the potential of both more simplified and more elaborate information cues.

Nutri-Score’s potential has been partially explained by its remarkable ability to attract attention (Dubois et
al. 2020). Its highly recognisable and colourful design attempts to tap into the more accessible automatic
route while its easily interpretable message content lowers the barrier for central processing. This outlines
the hybrid nature of Nutri-Score. Therefore, we will test whether a dual scoring system with a Nutri-score
and an Eco-score (with a design similar to the Nutri-Score), can simultaneously improve the environmental
impact and nutritional quality of our food choices. Literature on the effect of dual labelling systems remains
very scarce. One earlier study evaluated and supported the use of a dual traffic light system on meal choices
in a canteen environment (Osman and Thornton 2019). However, the question of how a dual Nutri-Score -
Eco-Score system would affect product choices in an E-grocery, remains unanswered.



While the scores themselves are relatively accessible, it can be argued that the consideration of both scores
for all products still requires substantial cognitive effort. Nevertheless, recommendations on healthy and
sustainable diets can be fairly easily reduced to the basic rule of thumb of “relatively less (red) meat and
more plant based” (Poore and Nemecek 2018). This rule of thumb could therefore also be used as a hybrid
information cue, as it can both attract attention and minimise the barrier to central processing. Therefore,
this study investigates whether simple dietary recommendations, as an easy-to-implement alternative to the
scores, can improve food choices from a nutritional and/or environmental point of view. The formulation
of this recommendation is expected to matter. On the one hand, a general recommendation to eat less meat
and more plant based is easily accessible but might be less activating. On the other hand, a specific
recommendation with advised consumption quantities could be more activating due to its capacity to induce
an anchoring heuristic. When people make estimations, they start from a reference point (the anchor) and
make adjustments accordingly (Ariely et al. 2003; Tversky and Kahneman 1974). Displaying recommended
consumption quantities (the reference point) in the food environment, is therefore expected to influence
food choices. Hence, this study will assess the potential of specific and general dietary recommendations
to steer food choices. To the best of our knowledge, it will be the first study to compare the effect of those
information cues with the effect of a dual Nutri-Score — Eco-Score system.

While the dual Nutri- and Eco-Score is very accessible, the issue of mistrust could still arise or the scores
could be perceived as too simplistic. This could be overcome by providing more detailed impact
information on the calculations behind the scores. Tables with information on nutritional values of food
products have long been available on food packages, known as Nutrition Facts Panels (NFP).
Environmental impacts can be similarly tabulated into different impact categories, but this is still only
applied for nutritional values. While NFP’s are often not directly considered in food choices, their presence
could encourage the use of the more interpretative scores (Block and Peracchio 2006; Ikonen et al. 2019).
Therefore, this study also assesses the potential effect of such detailed impact tables containing nutritional
and environmental information on food choices.

A factor that lowers consumers’ ability to elaborate on information captured in labels is visual distraction
(Petty et al. 1976; Van Trijp 2009). Visual distraction has recently been found to be a more important barrier
to the consideration of labels than lack of motivation (Orquin et al. 2019). Distraction may cancel out many
promising properties of food labels such as good perceptibility, evocation of positive attitudes, easy
interpretability, or objective understanding. Due to the overabundance of stimuli, visual distraction plays a
very prominent role in today’s food environment (Spence et al. 2016). It is therefore relevant to assess
whether visual distraction moderates the impact of the Nutri and Eco scores as well as the impact of the
information cues on consumers’ food choices.

With the accelerated growth in E-grocery, a vast share of consumers’ food choices is changing scenery
from physical to online. As consumers behave differently in both environments, the role of informational
cues in food choices might differ as well. In an online shopping environment, sensory attributes (e.g. food
appearance) play a less important role while the role of factual information (e.g. nutritional values) is more
pronounced (Degeratu, Rangaswamy, and Wu 2000). This leads to less impulsive buying behaviour in
online environments (Aragoncillo and Orus 2018). Therefore, more reflective processing is expected,
resulting in more desirable effects of informational interventions. As such, it is appropriate to test and
optimize the potential of information cues in an online shopping environment.

In this context, the present study aimed to evaluate the nutritional values and environmental impacts of food
choices in response to (1) a dual Nutri-Score & Eco-Score labelling and to (2) specific recommendations,
general recommendations and detailed information tables in (3) conditions with different levels of visual



distraction. This was tested in a small mock-up E-grocery environment with 11 food products from diverse
categories.

2. Materials and methods

2.1 Experimental design

A randomized control trial (RCT) was conducted in an E-grocery environment. Since the “Eco-Score” had
not yet been established on the market, no real E-grocery environment could be used. Therefore, a mock-
up E-grocery environment was created and embedded in a web-survey. The tool included only a limited
range of 11! food products (Table 1). Before entering the tool, the following task was given: “Imagine you
are inviting five friends and you have decided to make a spaghetti bolognaise’. You are planning to buy the
ingredients online. Without verifying the exact recipe, you are now going to buy the ingredients based on
your gut feeling. Select the ingredients for 6 persons, (vour 5 friends and you), as realistically as possible.”
Respondents could then compose a shopping basket by clicking on products and specifying their desired
quantities. For every product, respondents were free to select it or not. During the shopping task, they were
allowed to adjust previously selected items and quantities. Once finished, they were shown an overview of
their selections and the total price. Some final verifications and adjustments could be made before
confirming the selected basket. With this final confirmation, the selection was recorded as data. It should
be noted here that the task remained hypothetical and no real payment was required. The shopping task was
preceded and followed by socio-demographic and dietary related questions. The complete experimental
procedure is shown in Fig 1.

This study used a between-subjects approach to evaluate the effect of several treatments on consumers’
food choices. Respondents were randomly allocated to one of 16 treatment groups (Table 2). During the
task, respondents were exposed to a given treatment, embedded in the shopping environment. Apart from
the treatments described further, all other things remained constant across experimental conditions,
including prices and product orders. Therefore, although being very important aspects in consumption
decisions, price and order effects could not explain any treatment effects.

! For the selection of these products, 11 commonly used products to prepare spaghetti bolognaise were considered from four food categories
(meat, vegetables, pasta and cheese). This selection had a wide variability in nutritional quality and environmental impact. In order to avoid
biases due to e.g. brand loyalty, all references to existing brands were avoided.

2 The choice for this meal is motivated by the fact that it is a well-known dish that most people can prepare without needing a recipe with the exact

ingredients. Moreover, this dish can be made in many different ways, which still leaves room for personal preferences and switches between meat,
vegetarian alternatives and vegetables without making the dish incomplete or odd.

3 While households of 6 members are not the most common household composition, the goal was to activate rules-of-thumb that consumers apply

in their decisions on quantities for one person as they would multiply this by six in this task.



Table 1: List of products included in the shopping experiment with corresponding scores, prices and purchasing units (P.U.)

Product Nutri-Score Eco-Score Price P.U.

Protein sources

Minced beef B E €7.75/kg Kg
Minced chicken B C €6.98/kg Kg
Minced pork D C €7.25/kg Kg
Minced veggie A A €7.14/kg Kg
Vegetables
Tomato A A €1.45/kg Piece
Onion A C €0.99/kg Piece
Carrot A A €0.79/kg Piece
Passata A A €0.55/pc Piece
Pasta B €0.34/pc Piece
Pasta A B €0.79/pc Piece
wholegrain
Grated cheese D D €0.54/st Piece
Sampling procedure Task description Basket verification
@) ®) ®) ®) ®) @)
Socio-demographic and Shopping task Socio-demographic and
dietary questions part | dietary questions part 2

Figure 1: Experimental procedure

The RCT consisted of 16 experimental cells, determined by a full factorial design of two 2-level factors
and one 4-level factor (2 x 2 x 4) (Table 2). These factors included (1) A combined Nutri-Score and an Eco-
Score — (with vs without), (2) Additional information types — (a general recommendation, a specific
recommendation, detailed information tables and control without additional info), (3) Visual distraction as
caused by product images — (with vs without).

Combined Nutri-score and Eco-score. Two scores were displayed (vs. not) on each product tile: (1) the
Nutri-Score, reflecting a product’s nutritional quality and (2) an Eco-Score, reflecting a product’s
environmental impact. The factor had two levels: with and without product scores. The Nutri-Scores of the
included products were calculated according to the standard methodology (Chantal and Hercberg 2017).
The Eco-Scores were calculated according to the PEF methodology, based on 16 environmental impact
categories (European Commission 2019b). Advised cut-off values for the categorization of PEF-scores as
either A, B, C, D or E were not available, so the authors set those values while ensuring sufficient variability
between product scores. All products with corresponding Nutri-Scores, Eco-Scores, prices and purchasing
units are reported in Table 1. To respect the protective rights on Nutri-Score, we did not use the exact visual
representation of Nutri-Score. An example of how the scores were applied is given in Fig A.1 in Appendix



A. Respondents in the condition with scores were briefly introduced to the meaning of Nutri-Score and
Eco-Score before the task.

Additional information. There were three types of additional information and a control condition without
additional information. In the specific recommendation condition, the following message was displayed
below meat and vegetable products respectively: “It is advised to not eat more than 100 g of meat per day.
For red meat it is even advised to not eat more than 60g per day.” and “It is advised to eat at least 400g of
fruit and vegetables a day”. These recommendations were based on the dietary guidelines of the World
Health Organization (World Health Organization 2020). In the general recommendation condition, the
following message was displayed on top of the shopping screen: “Make plant-based food the main
component of every meal and do a good deed for your health, for planet earth and for the environment”.
In the detailed impact information condition, a table with underlying impact categories of the single scores
was displayed. When respondents hovered over a product with their mouse cursor, a pop-up screen showed
these tables. The nutritional values included the levels of energy, sugar, saturated fatty acids, salts, fibre
and protein per 100g of product. The environmental values were described in terms of CO, emission, water
use and land use per 100g of product. Finally, a condition without additional information was included. An
example of how these levels were applied is given in Fig A.1 and A.2 in Appendix A.

Distraction. The level of distraction during the shopping task was manipulated by displaying (vs. not)
images of food products that strongly attract visual attention (Simmonds and Spence 2017; Spence et al.
2016). An example of this condition is given in Fig A.3 in Appendix A.

Table 2: Number of respondents per treatment group after data cleaning (n = 766). Respondents were randomly allocated to one
of these 16 treatment groups.

No scores Scores

No image Image No image Image
No additional information 49 50 46 48
General recommendation 49 49 51 46
Specific recommendation 47 48 48 46
Detailed impact information 48 48 46 47

The RCT was conducted in November 2018 in Flanders, the Northern, Dutch-speaking half of Belgium,
among a representative sample of 805 household food decision makers. The experiment was conducted in
Dutch. Respondents were recruited via e-mail by a subcontracted market research agency using quota per
treatment on gender, age, and education level. People working in market research, marketing, advertising
or in the food sector in general were considered as non-eligible to prevent demand effects. Potential
respondents were not informed of the exact aim of the research to prevent any self-selection and/or
forewarning bias. Eligible respondents were randomly allocated to one of the 16 treatment groups.
Respondents received a financial reward after completion but were not asked to spend real money in the
shopping task. The study was approved by the Social and Societal Ethics Committee of the university
(SMEC) (reference code: G- 2018 11 1425). All participants gave informed consent and complete
anonymity was guaranteed. After data cleaning, the final sample included 766 respondents, of which the



socio-demographic characteristics are given in Table 3. The treatment groups did not differ in socio-
demographic characteristics, as reported in Appendix B.

Table 3: Socio-demographic characteristics of sample. Means (standard deviations)- or frequencies (share) are given

Participants (n=766)

Gender

Male
Female

Age

405 (52.8%")
362 (47.20%)

18 — 34 years old
35— 54 years old
> 54 years old

Household size

171 (22.29%)
253 (32.99%)
343 (44.72%)

1 210 (27.38%)
2 313 (40.81%)
3 110 (14.34%)
4 94 (12.26%)
5 26 (3.39%)
6 9 (1.17%)
7 1(0.13%)
>7 4(0.52)
Education (highest completed)

None 9 (1.17%)

Primary school
Secondary school

21 (2.74%)
373 (48.63%)

Bachelor 217 (28.29%)
Master 119 (15.51%)
PhD 17 (2.22%)
Other 11 (1.43%)

2.2 Data

For each respondent, a nutritional quality index (NQI) of their basket of selections was calculated as the
sum of the Nutri-Scores of the chosen products weighted by the corresponding amounts of product in kg,
divided by the total consumption amount in kg (Eq 1). A lower NQI corresponds to better nutritional quality.
The NQI can be negative and positive and is dimensionless. This sum was divided by total consumption
because a certain consumption level of a product could mean a deficiency for one individual and an excess
for another. Due to the lack of metabolic data to control for this variability, it was decided to consider only
the relative composition of the basket.

. . . Nutri—Score; X(kg of product selected); .
Nutritional quality index = z L xkg of p - (Equation 1)
Y.(kg of product selected);

Similarly, the environmental impact index (EII) of respondents’ baskets was calculated as the sum of all
the PEF-based Eco-Scores of the chosen products, weighted with the corresponding amount of product in
kg (Eq 2). The EII is strictly positive and dimensionless. A lower index corresponds to a lower
environmental impact. In contrast to the NQI, the environmental impact associated with a food product
does not depend on who is consuming it. Therefore, the weighted sum of scores was not divided by total



consumption and an absolute measure was used. To validate the robustness of the NQI and EII, both indices
were also calculated per amount of energy content (kJ) instead of per weight (kg) and this did not alter the
results.

Environmental impact index = Y, Eco — Score; X (kg of product selected); x 100 (Equation 2)

Apart from the NQI and EII, several consumption quantities were considered. The total -, meat -, vegetable
-, beef - , pork -, chicken- and vegetarian alternative- consumptions were reported. Separate vegetable
consumptions were evaluated but not reported. Due to their overall good Nutri-Scores and Eco-Scores,
changes within vegetables should not influence the NQI or EIl. From the initial sample of 805
observations, 11 outliers in total consumption were dropped because they were three times the standard
deviation away from the mean. Additionally, 28 observations with all four protein sources (beef, pork,
chicken and vegetarian minced meat) being simultaneously selected, were dropped. To evaluate treatment
effects, three-way ANOVA’s were followed by planned contrasts between levels of the independent
variables.

3. Results

On average, respondents selected 4.5 kg of food or 0.750 kg per person invited to the hypothetical dinner.
Of this average, 1.13 kg were protein sources, 2.1 kg were vegetables, 1.1kg was pasta and 0.21 kg was
grated cheese. This composition corresponded to an average NQI of -2.1 and an average EII of 0.023.

Table 4: Average basket characteristics and standard deviations. Quantities (kg) and NQOI and EII

Measure Mean (SD)
Total 4.5(1.61)
Protein sources 1.13(0.62)
Beef 0.51 (0.62)
Pork 0.29 (0.52)
Chicken 0.23 (0.48)
Veggie 0.09 (0.32)
Vegetables 2.10 (1.05)
Onion 0.29 (0.21)
Tomato 0.69 (0.52)
Carrot 0.36 (0.31)
Passata 0.75 (0.61)
Grain products 1.17 (
0.53)
Pasta 0.74 (0.63)
Pasta wholegrain 0.33 (0.51)
Grated cheese 0.21 (0.62)
Indices
NQI -2.12
(2.05)
Ell 0.023

(0.019)




NOQI. Figure 2 shows the means and standard deviations (between brackets) per experimental cell, for the
NQIL A three-way ANOVA revealed a significant main effect of scores (F(1, 751) =3.92, p = 0.048) and a
significant main effect of type of information (F(3, 751) = 3.35, p = 0.019). All other effects did not reach
significance (see Table C.1 in Appendix C for the full ANOVA table). Follow-up contrasts showed that the
presence of the combined Nutri- and Eco-scores decreased the NQI of participants’ selections, which
means an improvement (Mcores = -2.27, SD = 1.89 vs. Mo scores = -1.98, SD=2.2, #(751) =-1.98, p = 0.048).
Compared to the control condition (Mo additional infe = -1.73, SD = 2.37), all three types of information
significantly lowered the NQI (Meneral recommendation = -2.18, SD = 1.9, #(751) = -2.12, p = 0.034; Mspecific
recommendation = -2.36, SD = 1.94 , #(751) = -2.97, p = 0.003; Maetaited impact info = -2.23, SD = 1.93, #(751) = -
2.37, p=0.018).
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Figure 2: Mean NQI per experimental cell with standard deviations between brackets. Error bars show 95% confidence
intervals.

EIl. Figure 3 shows the means per experimental cell, for the EIl. A three-way ANOVA revealed only a
significant main effect of type of information (F(3, 751) = 3.37, p = 0.018). All other effects did not reach
significance (see Table C.2 in Appendix C for the full ANOVA table). Follow-up contrasts showed that
compared to the control condition (Mconrol = 2.52, SD = 2.06), the specific recommendation significantly
decreased the EIl (Mpecific recommendaion = 1.99, SD = 1.75, #(751) = -2.69, p = 0.007), but the general
recommendation (Mgeneral recommendation = 2.21, SD = 1.77, (751) = -1.57, p = 0.118) and the detailed impact
information did not (Maetaited impact info = 2.5, SD = 2.09, t(751) = -0.04, p = 0.966).
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Figure 3: Mean EII per experimental cell with standard deviations between brackets. Error bars show 95% confidence intervals.

Total consumption. A three-way ANOVA revealed only a significant main effect of type of information
(F(3,751) =6, p <.001). Follow-up contrasts showed that, compared to the control condition (Mno additional
information = 3.13, SD = 1.23), the specific recommendation significantly decreased total consumption (Mspecific
recommendation = 2.70, SD = 1.02, #(751) =-3.75, p <.001), but the general recommendation (Mgeneral recommendation
=2.99, SD=1.08, {(751) = -1.26, p = 0.208) and the detailed impact info did not (Metailed impact info = 3.12,
SD =1.1858.41, (751) = -0.14, p = 0.89).

Meat and vegetables. Similarly, in terms of meat consumption, a three-way ANOVA revealed only a
significant main effect of type of information (#(3, 751) = 3.99, p = 0.008). Follow-up contrasts showed
that compared to the control condition (Mxo additional information = 0.91, SD = 0.60), the specific recommendation
significantly decreased consumption of meat (Mspecific recommendation = 0.72, SD = 0.49, #(751) = -3.39, p <.001),
but the general recommendation (Mgeneral recommendation = 0.84, SD = 0.51, #(751) = -1.2, p = 0.23) and the
detailed impact information did not (Mactited impact information = 0.84, SD = 0.54, #(751) =-1.25, p =0.212). In
terms of vegetable consumption, a three-way ANOVA revealed no significant effects. These findings
suggest that the decreased total consumption by the specific recommendation was the result of a reduction
in meat consumption and not in vegetable consumption.

Beef. A three-way ANOVA revealed only a significant main effect of type of information (F(3, 751) = 2.68,
p = 0.046). Follow-up contrasts showed that compared to the control condition (Mo additional information = 0.48,
SD = 0.57), the specific recommendation significantly decreased beef consumption (Mspecific recommendation =
0.36, SD = 0.48, #(751) = -2.3, p = 0.022), but the general recommendation (Mgeneral recommendation = 0.40, SD
=0.50, #(751) = -1.55, p = 0.121) and the detailed impact information did not (Metailed impact infoe = 0.48, SD
=0.56, #(751) = 0.03, p = 0.979). This reduction in beef consumption was the only observed effect that
could explain the improvements in EII due to the specific recommendation.

Pork. A three-way ANOVA revealed only a significant main effect of scores (F(1, 751) =8.22, p = 0.004).
Follow-up contrasts showed that the presence of the combined Nutri- and Eco-scores decreased the amount



of pork that participants chose (Mscores = 0.21, SD = 0.38 vs. Mo scores = 0.30, SD = 0.49, 1(751)=-2.87,p=
0.004). This reduction in pork consumption was the only observed effect that could explain the
improvements in NQI due to the scores.

Chicken and vegetarian alternatives. Three-way ANOVA’s revealed no significant effects on the amount
of chicken and vegetarian alternatives consumed.

4. Discussion

In the pursuit of a more integrated nutritional and environmental food labelling system, this study aimed to
evaluate the effects of a combined Nutri-Score and Eco-Score on food purchase intentions. The results
demonstrate that jointly displaying Nutri-score and Eco-score in an E-grocery environment improved the
nutritional quality index (NQI) of food choices, but not the environmental impact index (EII). This potential
from a nutritional point of view is in line with the existing literature on Nutri-Score (Egnell, Talati, et al.
2019; Hagmann and Siegrist 2020; Vandevijvere et al. 2020). However, adding an Eco-Score did not
equivalently lead to improvements from an environmental point of view. This could be an indication that
the consideration of both scores was too burdensome and led to participants to only focus on the Nutri-
Score. The fact that the improvement in NQI due to the scores could only be attributed to a reduction in
pork consumption, which had a relatively poor Nutri-Score (D) but average Eco-Score (C), makes this a
plausible explanation. Another explanation could be found in the visual arrangement of the scores. The
Nutri-Score was visually arranged above the Eco-Score which makes a predominant reliance on Nutri-
Score rather than Eco-Score far more likely. Therefore, further research is needed to determine what mainly
drives the observed discrepancy in effects of NQI and EII.

All the information cues led to improvements in NQI’s that were statistically indistinguishable from each
other. Particularly for the detailed information tables, formatted in similar ways as nutrition facts panels
(NFP), this is remarkable. Previous studies have found that NFP’s are very often ignored by consumers
during food decisions as they tend to search for more interpretative information (Block and Peracchio
2006). The online context and its associated more reflective consumer behaviour might possibly explain
this discrepancy (Degeratu, Rangaswamy, and Wu 2000). The specific recommendation was the only
intervention that led to improvements of both the NQI and the EII. Therefore, it could be considered the
most effective intervention in this experiment. From a persuasive perspective, this could possibly be
explained by the use of numeric values that induced an anchoring heuristic. From an environmental
perspective, it could be argued that a reduced beef consumption, which was induced by the specific
recommendation, is seen as the most effective dietary shift to reduce impact (Gerten et al. 2020; Poore and
Nemecek 2018).

Images of food typically strongly attract visual attention (Spence et al. 2016). To account for this visual
distraction, the display of product images was manipulated. The results provided no evidence that
distraction hindered improvements by scores or additional information types at a statistical significance
level of 0.05. When considering a milder significance level (0.1), it could be argued that with some
particular additional information types, images did limit the effectiveness of the scores. However, given the
relatively large sample size, we decided to adhere to adhere to o = 0.05.



Policy implications

As part of their Green Deal, the European Commission (EC) set up the ‘Farm-To-Fork strategy’ to facilitate
a sustainable transition of our complex food system. Central to this strategy lies the stimulation of more
sustainable food -processing, -retail and — services and the facilitation of a shift towards healthy and
sustainable diets. In this strategy, the EC committed to “examine ways to harmonise voluntary green claims
and to create a sustainable labelling framework that covers, in synergy with other relevant initiatives, the
nutritional, climate, environmental and social aspects of food products.” (European Commission 2020).
This work delivers new insights in the potential of a combined Nutri-Score and Eco-Score. Since Nutri-
Score is rapidly becoming the standard in Europe, one could advocate for the implementation of a
resembling Eco-Score. The current excessive diversity of sustainability labels would thereby be addressed.
Although no evidence was provided for its direct beneficial effects on food choices from an environmental
point of view, it could be that with appropriate awareness-raising campaigns this could be achieved on the
longer term. Additionally, having delivered some mild indications that the effectiveness of Nutri-Score
would be affected by the product images, it is strongly recommended to consider this issue in regulations
on packaging (labels) and product placements in (E-)groceries.

The improvements in nutritional quality as induced by the Nutri-Score could only be allocated to a reduction
of products with poor scores. Therefore, it should be stressed that without those products having a score,
no improvements would have been observed. This corroborates recent evidence highlighting the need to
provide labels to all available products in order be effective (Hagmann and Siegrist 2020). This is still a
highly debated issue. Therefore, this work could make a constructive contribution to policy makers in
favour of a fully covered labelling system rather than a partial one.

Beyond that, the results of this experiment argue in favour of thinking also beyond the concept of a scoring
system for all individual products. The experiment in this paper demonstrated how the provision of
relatively simple recommendation on daily consumptions per product group could lead to even more desired
dietary shifts. The recommendations tested in this study are only an illustration to demonstrate the potential.
Future research could optimize the message content and visual design aspects.

Strengths and limitations

This study has bridged the gap between the growing body of literature on Nutri-Score and the scarce
literature on dual labelling systems (Hagmann and Siegrist 2020; Julia and Hercberg 2017; Osman and
Thornton 2019; Vandevijvere et al. 2020). Comparisons were made with interventions outside the classical
FOP labelling framework. To the best of our knowledge, this is the first study, to provide empirical evidence
on the effectiveness of the abovementioned interventions, subject to different levels of visual distraction.
The application of an RCT provides a strong internal validity of the results, which supports the causality of
the observed effects .

Despite these significant strengths, this study is not without limitations. The present study only captured
instantaneous effects on food choices in a hypothetical E-grocery environment. The results would have
been of greater value if tested in a longer term experiment in which real purchases were made. Although
attempts were made to mimic a real life E-grocery environment and to present participants with a concrete
shopping task, the results are still subject to hypothetical and desirability biases. The E-grocery tool
included only 11 food products which is not realistic. This lowers the generalizability of these results. It is
advisable to carry out similar experiments in more realistic environments to consolidate these results.



Further, Nutri-Score was already on the market during the data collection in 2018, while this is still not the
case for Eco-Score. Familiarity with this score might have played a role, which we were unable to account
for.

5. Conclusion

The use of a dual Nutri-Score and Eco-Scores system in an E-grocery environment could in the short term
improve nutritional qualities of food choices while not reducing the environmental impacts associated with
it. This improvement could only be allocated to a reduction of products with poor scores, highlighting the
need to label the entire food range in order to be effective. By using more easy-to-implement interventions,
such as a recommendation on daily consumptions per product group, shifts in food choices towards both
improved nutritional qualities and reductions in environmental impacts could be induced. On top of that,
the study found mild indications that the effectiveness of Nutri-Score is reduced by the nearby presence of
food product images. Therefore, while it remains recommended to implement a dual Nutri-Score and Eco-
Score system for the pursuit of more uniformity, further explorations a food environment that motivates
and enables the transition towards more healthy and sustainable food choices is needed.
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Fig A.1: Shopping screen with detailed impact information of products before (left) and after pop-up (right)
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Fig A.2: Shopping screen with specific recommendation (left) and general recommendation (right)
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Appendix B

Tables below contain observed frequencies and Pearson standardized residual per treatment. The ¥ statistics below
the tables indicate that the socio-demographic characteristics are balanced over the different treatments.

Table B.1:Contingency table gender per treatment

Treatment | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Gender

Male 26 22 25 26 26 25 25 26 23 28 28 24 24 23 26 28
024 -047 0.14 0.13 0.13 -0.07 -0.17 -0.08 -0.26 042 021 -0.06 -0.27 -037 0.03 042
Female 21 24 21 22 22 23 24 24 23 21 23 22 24 24 23 21
-025 049 -0.15 -0.14 -0.14 0.07 0.18 0.08 028 -044 -022 0.06 028 039 -0.03 -044

Pearson chi2(15) =2.1954, Pr=1.000
likelihood-ratio chi2(15) =2.1973, Pr = 1.000

Table B.2: Contingency table age per treatment

Treatment | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Age

18 -34 13 11 10 12 10 9 12 11 10 11 9 9 11 11 11 11
0.78 0.23 -0.08 04 -021 -052 033 -004 -0.08 002 -07 -039 0.09 0.16 0.02 0.02
35-54 15 16 17 17 13 14 10 18 17 18 16 19 15 15 18 15
-0.13 021 047 029 -071 -046 -153 037 047 046 -02 098 -021 -0.13 046 -0.29
> 54 19 19 19 19 25 25 27 21 19 20 26 18 22 21 20 23
-044 -035 -035 -0.53 076 076 1.09 -029 -035 -041 0.67 -0.57 0.12 0 -041 0.23

Pearson chi2(30) = 11.7341 Pr=10.999
likelihood-ratio chi2(30) = 11.9418 Pr=0.999

Table B.3: Contingency table highest obtained education level per treatment

Treatment | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Education

No 1 0 0 1 1 0 2 0 0 2 0 0 0 0 1 1
0.6 -0.74 -0.74 0.58 058 -0.75 188 -0.77 -0.74 188 -0.77 -0.74 -0.75 -0.74 0.56 0.56
Primary 1 1 2 0 1 0 2 1 1 1 2 1 4 2 1 1

-025 -023 066 -1.15 -027 -1.15 057 -032 -023 -03 051 -023 234 063 -03 -03
Secondary 22 21 21 25 29 21 24 22 25 19 28 19 25 20 27 25
-0.18 -0.29 -029 034 117 -049 0.04 -047 056 -099 064 -0.71 034 -06 065 0.24

Bachelor 15 11 14 13 7 12 15 20 11 14 10 19 13 15 13 15
047 -056 027 -0.16 -1.79 -043 031 156 -0.56 004 -1.17 166 -0.16 047 -023 031

Master 7 10 6 9 8 10 4 5 5 13 9 5 6 9 6 7
-0.11  1.07 -043 0.57 02 094 -131 -099 -08 19 039 -08 -0.53 0.63 -0.58 -0.22

PhD 0 1 2 0 2 3 1 1 4 0 0 1 0 1 1 0

-1.02 -0.02 097 -1.03 091 1.8 -008 -0.1 295 -1.04 -1.06 -0.02 -1.03 -0.04 -0.08 -1.04

Pearson chi2(90) = 86.3615 Pr=10.589
likelihood-ratio chi2(90) = 92.8715 Pr=0.397



Table B.4: Contingency table household size per treatment

Treatment | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
HH Size

1 4 10 14 12 16 17 11 10 11 12 13 15 13 13 14 15

032 -073 04 -032 079 106 -0.66 -1 -045 039 -026 068 -0.04 004 0.16 043

20 21 18 15 19 18 20 20 22 23 6 26 17 22 14 19 23

042 -0.18 -0.87 -0.13 -036 0.09 0 035 098 -0.89 1.14 -041 055 -1.18 -022 0.67

3 6 5 9 5 7 5 11 7 6 10 4 8 4 10 6 7

029 -0.62 094 -072 004 -072 1.5 -006 -023 1.12 -123 055 -1.1 126 -039 -0.01

4 5 9 6 6 4 4 6 6 5 10 4 4 8 6 8 3

2032 142 015 005 -0.78 -0.78 0 -005 -027 163 -09 -069 087 0.1 081 -1.23

5 0 4 0 5 1 1 1 4 1 1 1 1 1 3 1 1

126 196 -125 264 -049 -049 -051 1.77 -045 -0.51 -0.55 -045 -049 1.12 -051 -0.51

6 1 0 0 1 1 0 0 1 0 0 3 1 0 1 0 0

06 -074 -074 058 058 -0.75 -0.76 054 -0.74 -076 3.1 063 -075 0.6 -0.76 -0.76

7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

025 025 -025 -025 -025 -025 -025 -026 -025 -025 -026 -025 -025 -025 3.7 -0.25

Morethar; 0 0 2 0 1 1 0 0 0 0 0 0 0 0 0 0

0.5 -049 35 05 15 15 -051 -051 -049 -051 -052 -049 -05 -05 -0.51 -0.51

Pearson chi2(105) = 105.6996 Pr = 0.462
likelihood-ratio chi2(105) = 88.2711 Pr=0.880



Appendix C

Table C.1: Three-way ANOVA table with NQI as dependent variable

SS DF1 DF2 F P
Intercept 3462 1 751 834 0.000
Score 16.3 1 751 3.92 0.048
Additional information 41.7 3 751 3.35 0.019
Images 1.85 1 751 0.44 0.505
Score x Additional info 5.73 3 751 0.46 0.710
Score x Image 11.8 1 751 2.84 0.092
Additional info x Image 11.1 3 751 0.88 0.447
Score x Additional info x Image 28.2 3 751 2.26 0.080
Residuals 3117 751 751

Table C.2: Three-way ANOVA table with Ell as dependent variable
SS DF1 DF2 F P

Intercept 40.8 1 751 1113 0.000
Score 0.0286 1 751 0.780 0.378
Additional information 0.0371 3 751 3.37 0.018
Images 0.00952 1 751 0.260 0.611
Score x Additional info 0.101 3 751 0.914 0.434
Score x Image 0.0862 1 751 2.35 0.126
Additional info x Image 0.200 3 751 1.82 0.142
Score x Additional info x Image 0.232 3 751 2.11 0.097
Residuals 27.60 751 751
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