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We study in a laboratory framed field experiment the impact of five Front of Pack labels (FOPL) on the nutritional quality and cost of a daily consumption basket. We employ a difference in difference experimental design, between subjects, to cleanly identify the impact of FOPL. 691 subjects issued from the general population shop twice within a catalog of 290 products: a first time without and a second unannounced time with labels. Purchases are real. We test five different labels and compare result against a benchmark treatment in which subjects shop twice with no labels. Labels include the existing Multiple Traffic Lights, Reference Intakes and Health Star Rating, and two newly proposed designs: NutriScore, a 5-color synthetic label, and SENS, a frequency-based recommendation label. We measure nutritional quality using the FSA score. All labels but Reference Intakes significantly improve nutritional quality. NutriScore is significantly more effective than all other labels, followed by the Australian Health Star and Multiple Traffic Lights. The nutritional improvements due to the labeling come at an economic cost, as the average cost of 2000Kcal increases for all labels. Nonetheless, we show that the extra cost for a unit nutritional improvement is borne mainly by richer households. Behaviorally, change is concentrated in the extremal categories of each label. Easier to understand labels have a higher impact and crowd out more successfully other information cues like ingredients lists and nutritional tables.

Introduction

Consumers make hundreds of food choices every day. For each product consumers can access a variety of information: price, size, ingredients, nutritional facts, origin of the products, environmental quality, organic and fair-trade certifications. This enormous amount of information competes for the limited time, attention and cognitive resources of consumers, giving rise to choice overload effects [START_REF] Iyengar | When choice is demotivating: Can one desire too much of a good thing?[END_REF], [START_REF] Kivetz | The Effects of Incomplete Information on Consumer Choice[END_REF][START_REF] Malhotra | Information Load and Consumer Decision Making[END_REF][START_REF] Schwarz | The paradox of choice: why more is less: how the culture of abundance robs us of satisfaction[END_REF].

Confronted with these large search costs, consumers often rely on appearance [START_REF] Imram | The role of visual cues in consumer perception and acceptance of a food product[END_REF], habit and simpler heuristics [START_REF] Schulte-Mecklenbeck | A lack of appetite for information and computation. Simple heuristics in food choice[END_REF][START_REF] Scheibehenne | Fast and frugal food choices: Uncovering individual decision heuristics[END_REF]. Yet, everyday food choices have potentially large impacts on long-term well-being, public health and treatment costs [START_REF] Withrow | The economic burden of obesity worldwide: a systematic review of the direct costs of obesity[END_REF].

Front-of-Pack nutritional labels (FOPL) are a public policy tool conceived for a context of choice overload. They give less information than nutritional tables and ingredient lists, choosing focal, summarised and aggregated messages instead. FOPL are designed to be simple and to stand out among the mass of competing signals, and are more likely to be understood and used by consumers (Becker et al., 2015, Bialkova and[START_REF] Bialkova | What determines consumer attention to nutrition labels?[END_REF]. Different FOPL formats have been shown to require different cognitive skills (Crosetto et al., 2016a, Helfer and[START_REF] Helfer | The effects of nutrition labeling on consumer food choice: a psychological experiment and computational model[END_REF] and result in differentiated impacts on food choices [START_REF] Vlaeminck | Food labeling and eco-friendly consumption: Experimental evidence from a Belgian supermarket[END_REF], Ducrot et al., 2016[START_REF] Hersey | Effects of front-of-package and shelf nutrition labeling systems on consumers[END_REF][START_REF] Neal | Effects of Different Types of Frontof-Pack Labelling Information on the Healthiness of Food Purchases-A Randomised Controlled Trial[END_REF].

Several governments (Australia, 2013a[START_REF] Fsa | Guide to creating a front of pack (FoP) nutrition label for pre-packed products sold through retail outlets[END_REF][START_REF] Norden | The Keyhole: Healthy choices made easy[END_REF] and the EU (Council of the European Union, 2011) have endorsed FOPL as a policy tool. Recently, France entered the debate. Article 14 of the French Law of 26 January 2016 on the modernization of the health system recommends food producers to adopt, on a voluntary basis, a uniform front-of-pack nutritional label design. Under the aegis of the health authorities, representatives of manufacturers, retailers, consumers and scientists were consulted and four candidate systems were selected: NutriCouleurs (a French version of the UK's Traffic Lights), NutriRepère (an updated version of the UK's Reference Intakes), and the newly-developed Nu-triScore -a 5-color mono-dimensional synthetic label -and SENS -a frequency-based recommendation label. These candidate labels were tested in a large-scale randomized controlled trial in French supermarkets (Ministère des Affaires Sociales et de la Santé, Fonds Franc ¸ais pour l' Alimentation et la Santé, 2017).

From a public policy perspective, the best FOPL is the one generating the healthiest diet changes at the lowest adjustment cost (see [START_REF] Rao | Do healthier foods and diet patterns cost more than less healthy options? A systematic review and meta-analysis[END_REF], for robust evidence that healthy food tends to be costlier). In this paper we assess in a controlled laboratory experiment the nutritional and economic impact of five different FOPL: UK's Traffic Lights (known in France and in this experiment as Nu-triCouleur), Australia and New Zealand's Health Star Ratings (NutriMark), EU's Reference Intakes (NutriRepère) and the two new French designs -NutriScore and SENS. 691 subjects perform a real shopping task on a selected catalog of 290 food products. We use a difference-in-difference design, whereby subjects shop twice, once without and a second time, unannounced, with FOPL. By varying the label between subjects we can cleanly identify, for each subject, its effect on nutritional quality and economic cost when compared to the reference (no label) shopping basket.

We measure the nutritional quality of the shopping basket using the Nutrient Profiling Model developed by the UK Food and Standard Agency (Rayner et al., 2009, henceforth FSA score). The score is computed for each product by assigning negative points for salt, saturated fatty acids, calories, and sugar, and positive points for fiber, fruit & vegetable content and proteins. Since the score is a scalar, it can be easily aggregated over baskets, and compared across label treatments. We measure the cost of the basket with two different indicators: the cost per 2000Kcal, and the cost per 2000Kcal per unit nutritional improvement. The first indicator allows us to clean the effects of frugality -simply buying less -from our results. The second allows us to compare the efficiency of each label in generating nutritional change at low economic cost. The control provided by a laboratory experiment allows us to collect detailed behavioral, social and economic information on each subject, and to expose them to a label-specific qualitative questionnaire, asking subjects to rate label according to trustworthiness, appeal, ease of use and understanding.

We find that all labels but Reference Intake have a significant positive impact on the nutritional quality of the shopping. On average, labels improve the FSA score by 1.56 points, with respect to the baseline shopping basket with no labels. Color-coded labels providing aggregate nutritional information generate nutritionally healthier choices than analytical labels using numbers. In particular, the NutriScore label (aggregate, color) outperforms all others, followed by NutriMark (aggregate and analytic, black and white). We further find that the alternative approach of giving the consumer information about the suggested frequency of consumption (SENS label, aggregate, color) performs worse than more direct labels giving nutritional information.

Nutritional improvements come at an economic cost, though, as the average cost of 2000Kcal increases for all labels but NutriMark. On average, when exposed to a label shopping costs increase by 19 euro cents (+3.6%) for each 2000Kcal. Nonetheless, once normalized by the nutritional gain, only SENS and, to a lesser extent, Traffic Lights show significant higher cost. Looking at the breakdown of the results by income, for all labels but SENS middle-and high-income subjects pay higher cost of adjustment than low-income ones. This is in stark contrast with policies based on taxes and subsidies, that have been shown to disproportionately benefit higher income households and to have regressive effects (Muller et al., 2017, Drewnowski and[START_REF] Specter | Poverty and obesity: the role of energy density and energy costs[END_REF].

Behaviorally, results show that subjects further simplify the already simple messages conveyed by the label. For the three aggregate labels subjects tend to focus on the extreme values, treating information on nuanced 5-or 10-level scales as a binary (good-bad) or ternary (good-average-bad) information. These tendencies result in baskets that contain more products that are labeled 'green' or 'five star ' and less products that are labeled 'red' or 'zero stars' but do not differ much for all the in-between categories. For analytic labels subjects disproportionately focus on fat. Moreover, labels differ in their ability to crowd out other information, as proxied by the number of times subjects consulted the nutritional table and ingredient lists while shopping. NutriScore and Traffic Lights act as nearly perfect substitutes of detailed information tables. SENS, on the other hand, acts as a rather imperfect substitute, not being different from the benchmark with no label. The ability of labels to crowd out other information correlates with its overall nutritional performance, and with the results of the qualitative questionnaire.

Subjects seem to comply more with labels that give clear, discrete, aggregate, color-coded nutritional information. Labels that stand out and are cognitively easy to parse are trusted more and have a stronger nutritional impact than analytical labels that give plenty of information but no focal, clear nutritional judgment. The cost of the adjustment, while positive, is small, label-speficic, and disproportionately borne by richer subjects. While the external validity of our laboratory experiment needs to be carefully assessed, our data suggest that FOPL are an efficient, progressive policy tool, allowing all consumers, and low-income households in particular, to achieve considerable nutritional improvement at little cost.

Related literature

Several other studies have measured the relative performance of different FOPL (see the review papers of [START_REF] Hersey | Effects of front-of-package and shelf nutrition labeling systems on consumers[END_REF][START_REF] Vyth | Methodological quality of front-of-pack labeling studies: a review plus identification of research challenges[END_REF][START_REF] Cecchini | Impact of food labelling systems on food choices and eating behaviours: a systematic review and meta-analysis of randomized studies[END_REF][START_REF] Grunert | A review of European research on consumer response to nutrition information on food labels[END_REF][START_REF] Volkova | The influence of nutrition labeling and point-ofpurchase information on food behaviours[END_REF]. Most studies rely on experimental designs rather than observation on real world data. This is because shopping data are usually very noisy, suffer from severe selection biases and identification is usually hard to obtain. Still, some studies did use supermarket scanner data [START_REF] Variyam | Do nutrition labels improve dietary outcomes?[END_REF][START_REF] Mørk | An analysis of the effects of a campaign supporting use of a health symbol on food sales and shopping behaviour of consumers[END_REF][START_REF] Boztu G, Yasemin | Consumer response to monochrome Guideline Daily Amount nutrition labels[END_REF]. Studies follow by and large one of four methods: surveys, randomized controlled trials, choice experiments, and willingness-to-pay studies.

Surveys set up hypothetical choice scenarios, and systematically vary the use of labels to identify effects. Subjects' task is usually to identify the healthier product among a set of two or three [START_REF] Kelly | Consumer testing of the acceptability and effectiveness of front-of-pack food labelling systems for the Australian grocery market[END_REF][START_REF] Borgmeier | Impact of different food label formats on healthiness evaluation and food choice of consumers: a randomized-controlled study[END_REF], Synovate, 2005). These studies allow researchers to assess the understanding and parsing of FOPLs. On the other hand, they do not allow to see how this understanding interacts with preferences; moreover, by relying on scenario choices they suffer from hypothetical bias and do not generally take into account the role of price in the choice. More recent surveys [START_REF] Aschemann-Witzel | Effects of nutrition label format and product assortment on the healthfulness of food choice[END_REF] addressed the interaction of preferences and labels, and extended the choice set up to 20 choices, but still retained an hypothetical nature, did not consider prices, and focused on single product categories.

Willingness-to-pay studies use incentivized elicitation methods (mainly experimental auctions [START_REF] Lusk | Experimental auctions: Methods and applications in economic and marketing research[END_REF] to assess the perceived value of different food items, with and without labels. They indirectly assess, through the value that a subject assigns to a labeled product, the importance the subject attributes to the label's message. Usually run in the lab, they feature strong control on confounding factor but forfeit most of the external validity. In addition, these experiments usually involve a small number of products. Examples are in the context of GMO content [START_REF] Noussair | Do Consumers Really Refuse to Buy Genetically Modified Food?[END_REF] A multivariate and multi-attribute version of WTP studies is embodied by choice experiments. Choice experiments improve on surveys by giving the subjects dozens of choices, systematically varying the attributes of the products -price, quality, label -and analyzing the data in a structural random utility model. They allow the researcher to estimate the marginal role of each attribute in a context in which prices are taken into account. On the other hand, choice experiment usually rely on hypothetical choices and on strong behavioral assumptions. Applications of the chocie experiment method to different types of labeling are [START_REF] Balcombe | Traffic lights and food choice: A choice experiment examining the relationship between nutritional food labels and price[END_REF], who focus on Traffic Lights, [START_REF] Marchi | Time preferences and food choices: Evidence from a choice experiment[END_REF], focusing on time preferences, and [START_REF] Aprile | Consumers' valuation of food quality labels: the case of the European geographic indication and organic farming labels[END_REF], dealing with quality labels, [START_REF] Loo | Consumers' willingness to pay for organic chicken breast: Evidence from choice experiment[END_REF], focusing on organic labels, [START_REF] Gracia | Consumers' valuation of nutritional information: A choice experiment study[END_REF] focusing on the value of nutritional tables.

Natural field experiments apply FOPL in grocery stores following a randomized procedure. Subjects might or might not be informed that they are part of an experiment, and their response to FOPLs is observed in a real setting and according to real preferences and budget constraints. These studies have a high degree of external validity. On the other hand, data are extremely noisy and the experimenters do not have tight control on all possible confounds (promotions, shops opening hours, . . . ). As a result effects are usually small, as is the case of the recent French field experiment (Ministère des Affaires Sociales et de la Santé, Fonds Franc ¸ais pour l' Alimentation et la Santé, 2017). Examples of field experiment include [START_REF] Berning | Do Positive Nutrition Shelf Labels Affect Consumer Behavior? Findings from a Field Experiment with Scanner Data[END_REF], applying label to pop corn in five stores in Californa, [START_REF] Neal | Effects of Different Types of Frontof-Pack Labelling Information on the Healthiness of Food Purchases-A Randomised Controlled Trial[END_REF], who use a smartphone application to track consumer choices in an Australian supermarket, and Vyth et al. (2010) studying choices in a Dutch supermarket.

In this paper, we use a randomized controlled trial that allows us to observe real purchasing choices from a representative sample over a large set of products, as in natural field experiments, but in a controlled laboratory setting in which we minimize noise, as in choice experiment or willingness-topay studies. Other studies have taken this route (among others, [START_REF] Cecchini | Impact of food labelling systems on food choices and eating behaviours: a systematic review and meta-analysis of randomized studies[END_REF]Warin, 2016, Ducrot et al., 2016). The studies that are closest in design to our experiment are the (non-incentivized) virtual supermarket studies developed at the University of Auckland [START_REF] Waterlander | Introducing taxes, subsidies or both: the effects of various food pricing strategies in a webbased supermarket randomized trial[END_REF](Waterlander et al., , 2013[START_REF] Waterlander | Effects of a price increase on purchases of sugar sweetened beverages. Results from a randomized controlled trial[END_REF](Waterlander et al., , 2015)). Nonetheless, to the best of our knowledge we are the only study providing clean, incentivized laboratory evidence on the effect of FOPLs. Our design allows us to both assess the nutritional quality of the whole shopping with and without competing labels, and to observe in detail the behavioral sources of this nutritional change.

Method

Subjects were asked to shop for two days for their household, following their usual shopping habits. A paper catalog of 290 products, divided in 39 categories, was distributed to each subject. The catalog displayed for each product a full color picture, price, weight (g) or volume (l), price per kg or per liter and a bar code. Prices corresponded to those recorded before the experimental campaign in a local supermarket. Using a bar-code reader, subjects could display on their screen the product of their choice in a custom on-line e-shopping environment. They could thereby access, for each product, a list of ingredients (with outlined allergens) and a nutritional table.

Subjects were asked to shop twice; once with a benchmark catalog without nutritional labels and a second, previously unannounced, time with a new catalog, strictly identical to the previous one, but in which nutrition labels were added. In the second catalog, all products that are legally subject to labeling were labeled, i.e. all products except fresh fruits and vegetables, fresh packaged meat, and eggs.

We ran 6 between-subjects treatments: one for each of 5 nutritional labels and a benchmark neutral treatment in which no label was added and subjects shopped twice with the same catalog.

The experiment was incentive compatible. Subjects were informed that they would have to buy a subset of one of their two shopping baskets. The payoff-relevant basket would be randomly and publicly drawn at the end of the experiment. The subset of products actually put up for sale was unknown ex-ante. In a separate room, we had stored about a quarter of all the catalog products. The intersection of the items selected by the subjects and what we had in store was then sold, at catalog prices, to the subjects at the end of the session.

Measures

Our experimental design (already put to use in tis general form in [START_REF] Crosetto | Modification des achats alimentaires en réponse à cinq logos nutritionnels[END_REF][START_REF] Muller | Modification des achats en réponse à l'apposition de différents logos d'évaluation nutritionnelle sur la face avant des emballages[END_REF] allows us to measure behavior twice. The first, unlabeled basket allows us to set a benchmark for the shopping behavior of each subject. The second basket allows us to assess, within subjects, changes with respect to the baseline basket. The comparison of individual changes across treatments allows us to cleanly assess, by exploiting differences in differences, the effect of labels by controlling for heterogeneity of individual preferences.

The main measure of interest is the aggregation per treatment of the individual change in the nutritional score between basket 2 (labeled) and basket 1 (unlabeled). We adopt as our nutritional measure the Nutrient Profiling Model developed by the UK Food and Standard Agency (Rayner et al., 2009, , henceforth FSA score). This score is computed for each product by assigning negative points for salt, saturated fatty acids, calories, and sugar, and positive points for fiber, fruit & vegetable content and proteins. The score ranges from -15 to 35, with lower numbers indicating better overall nutritional quality.

We compute the aggregate nutritional score for each shopping basket, by adding the FSA score of each item and normalizing by 100 Kilocalories. That is, for each subject i, for each basket j ∈ [1, 2], we compute

FSA ij = ∑ p Kcal pij • FSA pij ∑ p Kcal pij ,
in which the index pij denotes each product p in caddy j for subject i. This measure gives us a single, continuous variable to assess the nutritional quality of the whole shopping basket. Nonetheless, it relies on two assumptions: that the FSA score correctly assess the nutritional value of a shopping basket, and that a normalization by calories is not distortive. The FSA is widely used in epidemiological studies (Julia et al., 2015a, Ducrot et al., 2015[START_REF] Julia | Application of the British Food Standards Agency nutrient profiling system in a French food composition database[END_REF], and its value as a nutritional score is well documented. Normalization by energy content has the advantage of delivering results that are easily interpretable as one day of consumption for an average adult, and to anchor the results to the basic measure of human energetic needs. Nonetheless, studies vary as per the normalization used. For robustness we ran our analysis also using SAIN/LIM, an alternative nutritional system [START_REF] Tharrey | From the SAIN,LIM system to the SENS algorithm: a review of a French approach of nutrient profiling[END_REF] and normalizing by weight.

We estimate treatment effects using a difference-in-difference regression analysis. We let the treatment and basket variables interact, and add a series of subject-specific variables to control for the sociodemographics of the sample. Our main estimation uses data from both caddies and all six treatments, and takes the following form:

FSA it = β 0 + β 1 Cart2 + δTreatment × Cart + γControls,
in which the benchmark treatment with no labels serves as reference category, β 0 identifies the average nutritional value of the first basket, β 1 the impact of the benchmark treatment, δ is a vector of 5 × 2 coefficients identifying the difference with respect to the first benchmark basket of the first and second basket for each of the five labels (NS, NR, NC, NM, SENS), and γ is a vector of subject-specific coefficients.

We supplement the analysis of nutritional impact with economic considerations. First, in line with public policy concerns for lower income households, we separately run regressions for three different income groups, declaring low (< 2000e/month family disposable income), average (between 2000e and 3000e) and high (> 3000e). Second, we run an extensive analysis of results normalized by price. A price normalization allows us to directly assess the impact on overall spending of the adoption of each label, and to see whether the nutritional improvement comes at the cost of a higher price.

In addition to these analytical measures based on the FSA score, we computed a number of behavioral measures and used data from questionnaires. In particular, we recorded the number of items in each basket, the number of product entries and exits from basket 1 to 2, the number of clicks on the ingredient lists and nutritional tables. We have use label-specific behavioral variables keeping track of the qualitative change between baskets. Finally, we asked subjects to fill in two questionnaires, one aimed at assessing their understanding of the labels, and the other including socio-demographic characteristics.

Experimental details

Products

Subjects could shop in a printed color catalog of 290 food items grouped into 39 categories1 While not being perfectly representative of shopping in a real supermarket, where the number of available products numbers in the thousands, the catalog covered all the needs of an average household, and included fresh, canned, packaged and frozen food, fruits and vegetables, snacks and mixed prepared dishes. The overall coherence and representativeness of the catalog was respectively verified by nutritionists and using actual consumption data from Kantar World Panel. All products were currently on sale in local supermarkets at the time of the experiment. The prices used in the catalog were collected in a specific supermarket the week before the start of the experimental campaign, in October 2016. The catalog displayed a picture of the front-of-pack of the product, its name, price, weight or volume, and the price per kilogram (or liter).

Subjects

The study involved 691 subjects over 42 sessions (7 per treatment). Subjects were recruited among the general population of the Grenoble metropolitan area by a professional recruitment agency. Grenoble and its suburbs, located in the Alps in south-eastern France, have about four hundred thousand inhabitants. Recruited subjects were in charge of the grocery shopping for their household and regular supermarket customers. The sample was stratified by household disposable income: one third of subjects with less than two thousand Euros per month, one third between two and three thousand, and another third with more than three thousand. Following standard procedures of randomized controlled trials, individuals from each income group were randomly allocated to either one of the 5 label treatments or the benchmark treatment. Summary statistics for our sample are provided in Table A.11 in Appendix A. Overall, one in five subject is a man, the age and income structure loosely reflects those of the Grenoble Metro Area. Randomization checks do not reveal significant differences across treatments, except for the distribution of professional status.

Tested Labels

We tested 5 nutritional labels (see Table 1 for an overview). Omitting binary recommendation labels as the keyhole [START_REF] Norden | The Keyhole: Healthy choices made easy[END_REF] or the Heart Foundation Tick (Australia, 1989), these labels span the whole space of those in use today in different countries, and follow one or both of the main approaches in nutritional labels: providing detailed analytic information about a set of key nutrients, or displaying an aggregate assessment of the food item. The labels use colors, numbers and letters to convey their meaning; they rely on absolute, relative, or frequency assessment; and they are based upon different algorithms to translate bare nutritional values into marks and ranks. 1: Nutritional labels tested in the experiment NutriScore (NS) was developed and validated by an independent research team (Equipe de Recherche en Epidémiologie Nutritionnelle [START_REF] Julia | Application of the British Food Standards Agency nutrient profiling system in a French food composition database[END_REF]. NS is based on the nutrient profiling system developed by the UK Food Standards Agency (Rayner et al., 2009, FSA score,) later adapted to the French context de la Santé Publique (2015). Its final graphical format was developed on a dedicated study [START_REF] Nugier | Système d'information nutritionnelle à cinq couleurs sur la face avant des emballages alimentaires: comparaison de trois formats de logo[END_REF]. NS is an aggregate, color-coded label, similar to the energy efficiency labels used in the home appliance sector, which gives coarse but salient information, in the form of a letter (from A to E) color-coded from green to red. Studies have shown it to be effective in evaluating the healthiness of foods [START_REF] Ducrot | Objective understanding of front-ofpackage nutrition labels among nutritionally at-risk individuals[END_REF] and to impact purchasing intentions in an online supermarket [START_REF] Ducrot | Performance of a five category front-of-pack labelling system -the 5-colour nutrition label -to differentiate nutritional quality of breakfast cereals in France[END_REF], Julia et al., 2016), in a controlled laboratory setting (Crosetto et al., 2016b). The Nutri-Score was elected as the official French front-of-pack labeling system in October, 2017 (République, 2017).

NutriMark (NM) was adapted by the French retailer Leclerc based on the Australian Government Health Star Rating system [START_REF] Cooper | Assessment of the construct validity of the Australian Health Star Rating: a nutrient profiling diagnostic accuracy study[END_REF], Australia, 2013a,b). NM displays both aggregate information, in the form of stars, ranging from 0.5 to 5, and nutrient-specific information in the form used by Reference Intake labels. NNM was tested on Leclerc's online shopping platform in the fall of 2016, involving 3,000 Leclerc brand products at 84 collection points in France. Results show a slight improvement in the average nutritional quality of purchases, but only for middleclass and under-30s.

NutriCouleur (NC) was developed under the original name Multiple Traffic Light system by the UK Food and Standard Agency (FSA, 2013). Its introduction in France was supported by Nestlé. NC presents analytical information for energy and four key nutrients (fat, saturated fatty acids, sugar and salt) in three different ways: as a percentage contribution to the daily reference intake, in absolute amount per serving (in grams) and in color on three levels (red, amber, green). Several studies have investigated the impact of Multiple Traffic Lights on choices [START_REF] Aschemann-Witzel | Effects of nutrition label format and product assortment on the healthfulness of food choice[END_REF], Crosetto et al., 2016a, Julia et al., 2016[START_REF] Bialkova | What determines consumer attention to nutrition labels?[END_REF][START_REF] Kelly | Consumer testing of the acceptability and effectiveness of front-of-pack food labelling systems for the Australian grocery market[END_REF], showing overall greater effectiveness with respect to labels that do not use colors.

NutriRepère (NR) was proposed by over 500 food companies in France. It is based on the Reference Intake label (RI).2 RI has been adopted by the Australian food and beverage industry in 2006 (as Daily Intake Guide), by the European Union in 2009 as an industry standard and has been introduced in the US following Michelle Obama's initiative in 2012 (Facts Up Front). NR presents analytical nutritional information for energy and four key nutrients (fat, saturated fatty acids, sugar and salt). This information is displayed in three different ways: in percentage, absolute value, and by means of light blue histograms.

SENS was developed by nutritionist Nicole Darmon and her group (Tharrey et al., 2017) based on the previously established SAIN/LIM nutritional profiling [START_REF] Darmon | Nutrient profiles discriminate between foods according to their contribution to nutritionally adequate diets: a validation study using linear programming and the SAIN, LIM system[END_REF]. SENS is backed by the organisation of French distributors, grouping 50 supermarket chains. SENS presents nutritional information as a color-coded recommendation of eating frequency, using a red-blue-orangepurple palette. That is, after assessing the food nutritional quality, SENS translates this index into a frequency, and tells the consumer if a food item might be eaten anytime, often, from time to time, or rarely.

Overall, the labels vary across three dimensions that have been shown to be crucial by previous research [START_REF] Muller | Modification des achats en réponse à l'apposition de différents logos d'évaluation nutritionnelle sur la face avant des emballages[END_REF], Crosetto et al., 2016a[START_REF] Muller | What cognitive sciences have to say about the impacts of nutritional labelling formats[END_REF][START_REF] Drichoutis | A theoretical and empirical investigation of nutritional label use[END_REF][START_REF] Shogren | The Oxford handbook of the economics of food consumption and policy[END_REF]: (i) whether the information is aggregated (NS, SENS, in part NM) or analytical (NR, NC, in part NL); (ii) whether the logo uses color (NR, NC, SENS) or not (NM, NR); and ()whether the recommendation focuses on nutritional content (NS, NM, NC, NR) or on consumption frequency (SENS). More generally, labels trade off saliency with detail, with NS and SENS choosing to deliver a salient but coarse message with no readily available reference to nutritional values, and NR and NC choosing to give more detailed information in a less salient package. NM includes both approaches in a combined design, but forfeits the use of color.

Laboratory procedures

Subjects were invited for sessions lasting approximately 1.5 hours and received 32eas show-up fee. Their task was to shop to cater to the needs of their family for two days, but were otherwise not directed in their choices. This frame was given to reach some uniformity in the task that the subjects faced, but it was not enforced. If subjects asked what "two days's of consumption" meant, they were told that each must decide according to their household's taste and needs. Subjects were allowed to shop more, or less, or not at all.

Instructions were then showed on each subject's screen, as well as projected overhead, and read aloud by the experimenter3 . Questions were asked and answered publicly all along the reading of the instructions. The English translation of the original French instructions is available in Appendix C.

After all instructions had been given, including a screenshot-based demonstration of the software interface4 , subjects were asked to do their shopping. Subjects were not given a time limit, and each could shop at his or her own rhythm. When all subjects had finished their shopping, they were asked to shop again in an unannounced second shopping exercise.

For all treatments but the Benchmark, after the first shopping and before the second subjects were given a one-page explanation of the nutritional label that they would face in the second shopping (see Appendix C). These explanation were based on the flyers distributed in the 60 supermarkets of a natural field experiment comparing the same labels performed in December 2016 (Ministère des Affaires Sociales et de la Santé, Fonds Franc ¸ais pour l' Alimentation et la Santé, 2017). Subjects received a paper copy of these one-page explanatory sheets; the same was projected on a screen and its contents read aloud. Any question was replied before proceeding with the second shopping period.

After each subject submitted his or her choices for the second shopping period, one of the two was randomly selected as binding using a physical urn for increased transparency. Then subjects were exposed to a socio-demographic questionnaire and, for all treatments but the Baseline, to a qualitative survey asking them to rate over several dimensions the nutritional label they had been exposed to. Subjects left then the room individually, and bought the items they had chosen in the binding basket in a separate room.

Results

Nutritional results

The benchmark treatment

In the benchmark treatment, subjects shopped twice under the same conditions. This treatment allows us to assess the degree of variability of diets across repetitions. Indeed, a repetition ceteris paribus does not necessarily have to generate the same choices. First, as basket 1 was not recalled to the screen when basket 2 was created, subjects had to reconstruct it from memory. Second, subjects might wish to change some items because of a taste for variety. Third, a basket does not reflect all eating habits, but represents only a limited sample so it is natural to expect a second sample to differ. Finally, subjects could find repetition boring and make changes to escape boredom. Although we expect variability in all treatments, we do not expect any systematic nutritional effect in the benchmark treatment.

This is indeed what we observe. The average FSA score for basket 1 is 5.22 (s.d. 3.01), and 5.34 (2.94) for basket 2. The difference is not significant (Wilcoxon Sgned Rank test, p-value 0.77). Figure 2 reports the cumulative distribution function of changes in the FSA score between basket 2 and 1 (negative changes mean healthier diets), for all treatments. The distribution for the Benchmark treatment (light grey) is roughly symmetric around its center. Despite a large variability in nutritional quality between baskets 1 and 2 within the benchmark treatment, there is no net effect on overall nutritional quality, as individual deteriorations and improvements cancel each other out.

The label treatments

The nutritional quality of basket 2 improved across the board with respect ot basket 1 in all treatments with a label. Averaging over all label treatments, the mean effect was of -1.56 points (Wilcoxon Signed Rank test, p-value < 0.001) Individually all treatments but NutriRepère showed a significant effect at 5% (WSRT, all p-values < 0.02), while NR was just short of 5% (WSRT, p-value = 0.0579). A graphical representation of this main result can be seen in Figure 1, in which error bars represent 95% confidence intervals. Mean treatment effect (absolute difference in FSA score between basket 2 and 1) are given along the diagonal in Table 2. The table also shows the results of pairwise comparing any two treatments. The upper triangle of the As noted for the benchmark treatment, there is a natural between-cart variation in the nutritional quality of the shopping. In the labeled treatments, though, there is a switch to healthier products that 2) shows that in every treatment there is a share of subjects that worsened the overall nutritional score of their shopping. This is, as in the benchmark treatment, an effect of the natural variability in the subjects' shopping. None of the labels reduces the variance of the FSA score changes (all changes in variance are positive, but none exceeds < 5.6%). Hence, no label reduces the intrinsic variability of diets. Rather, the whole distribution moves down (towards healthier scores).

The descriptive results are confirmed by our difference-in-difference estimation, as shown in Table 3, first column. In the regression, NR and SENS fail to reach significance, but NS, NM and NC all have a significant impact. The results are robust to controlling for demographics (see Table B.13 in Appendix B, column 1). Summarising, even if all labels induce nutritional change, we see a group of labels that consistently show significant results across different methods (NS, NM and NC), and two labels (NR and SENS) that show smaller, barely significant or not significant results.

Robustness checks

Results might depend on the nutritional indicator or normalization used for the analysis. We hence run robustness checks for both the descriptive and regression analyses.

The FSA score may favor some labels over others. In particular, for aggregate labels, NS and NM are directly built on the FSA score, while SENS is built on the LIM nutritional score [START_REF] Darmon | Nutrient profiles discriminate between foods according to their contribution to nutritionally adequate diets: a validation study using linear programming and the SAIN, LIM system[END_REF]. Insofar as the LIM and the FSA are not perfectly correlated, adoption of the FSA score as the determining indicator could adversely affect the performance of SENS relatively to NS and NM. For analytical labels, NC and NR give nutrient contents and are therefore dependent on the weightings made by the FSA score. We run robustness checks using as independent variable the LIM index for 100Kcal, and four individual nutrients: Salt, Saturated Fatty Acids, Sugar and Fat.

The normalization used to aggregate the shopping basket might also prove distortive. Labels might correlate differently to quantities than to calories, and hence reporting the shopping to energy intakes rather than weight could be a less than innocent exercise. We hence run the FSA score analysis normalizing by weight (100 grams) rather than calories.

Results are summarised in Table 4 (descriptive statistics and tests) and in Table B.12 in Appendix B (diff-in-diff regressions). Results are in general not impacted by the change in indicator or normalization: NS, NM and NC consistently show significant results, while SENS and NR less so. The use of LIM instead of the FSA score does not change the results nor the ranking of labels change. Paradoxically, SENS performs even worse with LIM than with the FSA score. Labels do not induce significant changes in salt nor sugar content. Fat and saturated fatty acids contents are instead impacted. As in the FSA score analysis, NS, NM and NC show significant impacts. NC performs particularly well, likely because of its analytical nature, that gives the consumer interested in a particular nutrient a salient detailed information. Normalizing by weight does not impact the ranking of labels either. 

Economic results

Shopping cost

Nutritional gains might come at an economic cost, which could undermine the long-term impact of labels, as households would face a trade off between nutritional and economic value of their shopping. We start by testing the difference in the total cost of a basket, across shopping baskets, by treatment (Table 5, first two columns). We can exploit the within-subject variation across baskets, and run a Wilcoxon Signed-Rank test (WSRT). The total cost of a basket stayed the same for the Banchmark, NS, NR and SENS treatments, and decreased for NM and NC. Overall spending is not a good indicator, though, since households vary in size and products vary in caloric and nutritional content. To take this into account, we look at the total amount spent for 2000 Kcal, the recommended daily intake of an average adult ( All labels but NutriMark show a significant increase in the price of a daily calorie intake. The nutritional gain comes indeed at an economic cost -with the exception of NutriMark. This increased cost has an ambiguous effect on the long term impact of labels. If households consume more calories than recommended, a calorie cut would not do harm. If on the other hand the caloric constraint binds then households would face a calorie/cost trade off. Our sample households are well above the recommended number of calories. The average number of calories per household member is 2310 Kcal in the first basket and 2214 in the second (statistically different, Wilcoxon Signed-Rank p-value < 0.001). This is above the 2200 and 2000 Kcal threshold per adult male and female respectively per day. We can conclude that the negative impact of labeling on the amount of calories per euro spent should not impact negatively the long term effect of labels. This should be taken with caution as buying behaviors are probably not a homothetic projection of eating behaviors.

Besides the bare cost of the shopping basket, our data allow us to directly analyze the relationship between the nutritional gain and the economic cost, across treatments. We can cleanly compare treatments using a difference in difference approach as described above. Table 6 reports the results of the estimation

∆cost i = β 0 + γ(-∆FSA i ) × treatment,
in which the between-baskets change in cost, ∆cost, is regressed on the interaction of treatment and the between-baskets change in FSA score, ∆FSA. The Benchmark treatment acts as baseline, and, to ease interpretation, we inverted the sign of ∆FSA so that higher values imply better nutritional content. Summarising, the cost of 2000Kcal significantly increased in all treatments but NutriMark. This price increase financed differentiated nutritional gains. When interacting the two dimensions most treatments do not differ from the Benchmark, with the exception of NutriCouleur and in particular of SENS, that displays a much higher cost of adjustment -a sign that SENS generated changes towards more expensive goods for little nutritional gain.

Income groups

The impact of nutritional policies on low income households is usually the key to their success, since nutrition-related problems are often correlated with low income [START_REF] Drewnowski | The economics of obesity: dietary energy density and energy cost[END_REF], Drewnowski and Eichelsdoerfer, 2010, Drewnowski and Specter, 2004). Our recruitment was stratified by income. Our subjects can hence be divided into three income groups (< 2000, 2000 -3000, > 3000 euro/month disposable income) of roughly equal size (see Table A.11 in Appendix Appendix A for the breakdown by treatment).

The nutritional impact of the labels is summarized in Table 3 above, right panels, where our difference in difference specification is run separately by income group. The ranking of the point estimates of label effects stays constant, but for low and high income groups only NutriScore stays significant. This loss of significance is partly due to the lower number of subjects, but since the middle income group shows significant impacts for NS, NM and NC, it also reflects real differences in the subsamples.

Different behavior by income group could also be reflected in the total cost paid for a basket, and the cost associated with nutritional gains. We have reason to expect this, since, as noted elsewhere in the literature ( [START_REF] Drewnowski | The economics of obesity: dietary energy density and energy cost[END_REF]Eichelsdoerfer, 2010, Kozlova, 2016) low income households buy more caloric food on average. The average cost over all treatments of 2000Kcal in the first basket is of 4.99 euro for lower, 5.13 for medium, and 5.57 for higher income subjects (statistically different, Kruskal-Wallis test, p-value< 0.001).

We now replicate the analysis carried out above, broken down by income group. Analogously to Table 5 above, Table 7 shows the between-basket difference in overall cost and in cost by 2000Kcal by income group. The stars indicate the result of Wilcoxon Signed-Rank Tests (p-values are not reported for readability).

The application of labels results, as in the merged sample, of a decrease in overall cost (significant only for the middle income group) but an increase of the cost for 200OKcal for all groups and treatments, but significant only for NS, across all groups, for NC, medium income, and SENS high income groups. A differential effect by income group is therefore not present: labels induce a smaller or bigger increase in cost irrespective of the income group. Formally testing by means of a Mann-Whitney test over all pairwise combinations of income groups within each treatment never yields significant results (all pvalues > 0.13), but for a significant difference between medium and high income for NR (p-value 0.02)

The amount of nutritional adjustment bought by the increased cost is estimated using difference in 8. Given the complexity of interpreting coefficients from a three-interaction difference in difference regression, we estimate separately for each treatment j:

∆cost ij = β 0 + γ(-∆FSA i ) × income,
in which, as above, we inverted the sign of the FSA score so that nutritional improvements have a positive sign. Low income subjects act as reference. As above, the coefficient of the interaction between ∆FSA and income group can be directly interpreted as extra Euro for 2000Kcal spent with respect to the low income group to obtain a one-point FSA score improvement.

While there are no consistent effects of income across the board, there are notable exceptions. With NutriScore, high income subjects pay an extra 13 euro cents per 2000Kcal for a one-point improvement in FSA score with respect to the low income category. The same is true for NutriMark (18 cents), and for the medium income group for NutriCouleurs (21 cents). On the other hand, nutritional adjustment is cheaper for higher income groups with SENS (-21 and -17 cents).

Summarising, while a nutritional adjustment is costly, and lower income groups start with higher caloric intensity, the adjustment induced by the label is by and large not income-specific. For the best performing labels, NutriScore and NutriMark, the adjustment is indeed cheaper for lower income groups. This is in stark contrast with subsidies and tax approaches, for which it has been shown that lower income groups pay a higher cost as a result of the policy (see [START_REF] Crosetto | Modification des achats alimentaires en réponse à cinq logos nutritionnels[END_REF].

Behavioral results

The laboratory context and the computerized shopping platform allow us to shed some light on the behavioral changes that underlie the nutritional and economic results.

Number of products

Over all treatments, the size of neither basket did significantly change across label treatments, with the exception of the benchmark, that is statistically different from all others. (Table 9, first two rows). This confirms that subjects complied with the instructions. We can exclude boredom as a source of bias for the second basket. The number of items across baskets was not significantly different for any treatment but NC and NM (at 10%). Despite the absolute number of items in each basket being mostly constant, subjects did perform quite some substitutions. On average, a quarter of the products of each basket was substituted between basket 1 and 2 (Table 9, second row). Again, this is an indication that subjects did take into account the information displayed by the labels. The fact that even in the baseline treatment, with no labels, subjects substituted roughly a quarter of all products is a sign that subjects varied their choices between the two baskets, by choosing in absence of any change a different menu out of their habits for the second basket.5 

Use of back-of-pack information

We recorded each time subjects visualized the ingredients list or the nutritional table (Table 9, third and fourth rows). Usually available on the back of packages in grocery shops, subjects could access such information by clicking on a button on the product screens. For basket 1, subjects looked on average between 1 and 2 times at the ingredient lists, and between 0.5 and 1 at nutritional tables, depending on the treatment. Ingredient view frequency significantly decreased in basket 2 for all treatments, including the benchmark; nutrition views decreased for all treatments but the benchmark. On the one hand, this is a straightforward knowledge effect: having acquired the needed information with the first basket, subjects no longer need it for the second. The best estimation of this effect is given by the benchmark treatment, in which no further information was given between baskets. The average number of ingredient and nutrition views decreased by 50% and 32% respectively. On the other hand, for label treatments, the extent of the decrease measures how much the label crowds out the information contained in the nutritional table and ingredients list. Labels can crowd out back-of-pack information both because they contain it already (as it is the case of NM, NC and NR which basically reproduce the nutritional table) or because they summarize it in a focal and credible way (it is the case of NS and SENS). Thus, the drop in the rate of ingredient and nutrition views is an indicator of both the amount of information given by the label and the trust subjects have in that label. All labels crowd out additional information, but to different extents. NR and NC are nearly perfect substitutes of back-of-pack information and as a result lead to a massive decrease in views (between 82% and 92%). At the other end, SENS does result in a smaller (-37%) decrease, that is not significantly different from the benchmark (Wilcoxon Rank-Sum tast, p-value = 0.29). This means that SENS fails to give nutritional information or that subjects do not trust the label enough to forfeit looking at the nutritional table.

Label-specific behavioral change

Labels have different granularity, focality, and aims. It is hence possible to analyze the behavioral change of subjects with respect to the characteristics of each label. Figure 3 summarizes our indicators of label-specific behavioral change. While these indicators are not strictly comparable, focusing on them allows us to assess how subjects used the cues given by the labels, and to extract some regularities across treatments.

For aggregated labels (NM, SENS and NS), subjects are highly compliant. Nonetheless, they have a tendency to oversimplify the already simple messages carried by the labels by limiting their attention to extreme values or neglecting the nuances of labels. For NM, only the products in the first two categories (five and four and a half stars) are mostly chosen in basket 2 to replace products in basket 1. For SENS, while green products (for every day) replace purple products (occasionally), the two intermediate categories generate little change. For NS, the average number of replaced red and orange products is virtually the same, and light and dark green are very close: despite the fact that the scale has 5 values, subjects behave as if it had 3. Across all aggregated labels, subjects transform more nuanced messages into "good/bad (or neutral)" signals.

Subjects are also compliant with analytical labels (NC and NR) but to varying degrees depending on nutrients. Subjects pay most attention to fat, some to sugar, and not much to salt. Overall, products with red nutrients decrease and products with green nutrients increase with NC. Similarly, the frequency of products with lower bad nutrient content decreases with NR. Given the continuous nature of NR, in Figure 3 we show the average change in % reference intake points across the two baskets. Subjects seem to favor fat and saturated fatty acid information.

Label comprehension and assessment

At the end of the experiment, all subjects, except those who took part in the benchmark treatment, completed a questionnaire on the qualitative assessment of the label. Subjects only assessed the label with which they were confronted during the experiment. Accordingly results do not reflect a comparative, but rather absolute assessment. Each response was on a 4-item likert scale ("yes", "mostly", "not really", "no"). Results are given in Table 10. The Table reports summary indicator, that is computed by giving scores of 1, 0.75, 0.25 and 0 to each of the four possible answers. Results are robust to changing the values of the intermediate options. Bold indicates the label that has the higher aggregate score for each question.

While differences are small, some patterns are recognizable. NutriScore ranks first for simplicity, usefulness, and is considered influential and useful in building better diets that follow nutritional recommendations. On the other end of the spectrum, SENS is the label that most appears as being just an 'advertisement stunt' for products and is ranked last according to several criteria.

Discussion

Results indicate that FOPLs can be an effective policy instrument to guide consumers towards healthier diets. Nutritional effects are significant and surprisingly large, especially for the aggregate, color-coded labels like NutriScore. If nutritional changes of the magnitude recorded in this experiment were to occur out of the laboratory and survive in the long run, the incidence of nutrition-related diseases would be substantially reduced (see epidemiological evidence as detailed in [START_REF] Adriouch | Prospective association between a dietary quality index based on a nutrient profiling system and cardiovascular disease risk[END_REF], Julia et al., 2015b[START_REF] Donnenfeld | Prospective association between cancer risk and an individual dietary index based on the British Food Standards Agency Nutrient Profiling System[END_REF]. Moreover, our data show that labels do not have the regressive effects that characterize other policies, as taxes and subsidies (as indicated in a similar exercise by [START_REF] Crosetto | Modification des achats alimentaires en réponse à cinq logos nutritionnels[END_REF]. Lower income subjects faced, especially for NutriScore and NutriMark, lower cost of nutritional adjustment than medium and high-income subjects. Thus clear, focal, aggregated labels prove able to generate shopping changes that lead to nutritionally improved choices at low economic cost, especially so for poorer households. Nonetheless, the external validity of these results needs to be taken with caution. Although we have endeavored to create a context as close as possible to real purchasing situations (sample of regular shoppers; sale at market prices of a wide range of real products; computer interface very close to online or drive-through shopping websites, etc.), a crucial difference with real shopping remains: in our setting, labels are highly focal. Baskets 1 and 2 only differ in the presence of labels. As a result, the subjects' attention is automatically captured by the labels. While this feature reinforces the internal validity of our experiment, it may exaggerate the absolute impact of labels compared to real-world situations where consumer attention is limited. It is therefore possible that we identify here an upper bound of the potential effect of the labels.

On the other hand, it is possible to argue otherwise. Labels might in the long run interact with the processes of habit formation [START_REF] Zhen | Habit Formation and Demand for Sugar-Sweetened Beverages[END_REF][START_REF] Daunfeldt | Habit formation in food consumption[END_REF][START_REF] Verplanken | Interventions to Break and Create Consumer Habits[END_REF], and their effect might be hence in the long run -that we cannot measure in the lab -larger than in the short run. Moreover, choices are usually made in a social context, and the willingness to signal compliance or superior eating habits could be a further force inflating the effects of the label that we do not capture in our laboratory, in which full privacy is granted (Etilé andTeyssier, 2016, Teyssier et al., 2014).

A second potential problem with laboratory experiments lies in experimenter demand effect. The aim of our experiment -testing nutritional label -was transparent to subjects by the time they had to compose the second basket. Moreover, subjects knew that our study had been financed by the Ministry for Health, and a heated political debate about labels was running in France roughly in parallel with our experimental campaign. It is possible that subjects could show appreciation to the experimenters' work by complying with the labels. Moreover, politically motivated subjects could have inflated their reaction to labels to support their political agenda.

Nonetheless, we believe these effect on the one hand to be minor, and on the other hand to be controlled by our design. Recent evidence shows that experimental demand effects are likely low [START_REF] Mummolo | Demand Effects in Survey Experiments: An Empirical Assessment[END_REF]Peterson, 2017, De Quidt et al., 2017) and crowded out by incentives. In our experiment, subjects faced real purchasing decisions, and they had to leave with the products themselves; the cost of sending a political message was hence relatively high. Moreover, to the extent that demand effects and self serving bias are not label-specific, their impact is fully controlled for in our difference in difference estimations.

While remaining cautious about the absolute magnitude of the labels' impact, the experiment's magnifying glasses allow us to emphasize their relative effects. Hence, the key result of our study is that color-coded, aggregate, easy to understand label have stronger nutritional impacts than analytic, detailed, numeric labels; the cost of the adjustment is low and does not entail the regressive effects shown to appear with taxes and subsidies. This core result is strong and likely to survive intact outside of the laboratory.

The best policy tool from a public health perspective appears to be a label that gives synthetic, relevant and focal information, and that can win the trust of consumers. It should be able to stand out among competing stimuli, to be simple to understand and easy to include in each consumers' choice function; it need not necessarily give accurate nutritional information, as long as it is trusted by the consumers to do so. If simple and direct labels work best in a laboratory setting in which subjects had the time and incentive to ponder their choices, we expect them to a fortiori work in the real world, where attention, time and cognitive resources are limited.

Disclaimer

Part of the data presented here have already been object of a short publication with strict nutritional focus, in French, as [START_REF] Crosetto | Modification des achats alimentaires en réponse à cinq logos nutritionnels[END_REF]. This paper, besides being in English, contains an updated and enlarged nutritional analysis, while the economic and behavioral analyses are entirely new. • you will have to buy these products. For example, if your basket contains 20 products, you will likely buy 4 or 5 of them, for a cost of some Euro. You will leave the room with these products. Please note that the products are sold at the prices shown on the catalog.

Appendix A. Subject sample properties and randomization checks

Any questions?

[During the shopping task, the overhead projectors showed a reminder of the main features of the task. This is its text:] Reminder: you shop for the next 2 days for your household. YOu are free to choose the products and quantity you prefer; to spend the amount you prefer. You can retrieve the informations that you would find on the backs of packs, namely ingredients and nutritional information, on screen.

Phase 2: food shopping, a second basket Your task. We ask you now to compose a second shopping basket. We remind you that you have access to the nutritional values and ingredients of the products by clicking on the corresponding buttons below the product image.

[all treatments but Baseline: we distribute now a new catalog. It contains the same products. Each of the products now features a nutritional label. We will explain the label next.] Monetary implications. Just one of the two baskets will be taken into account for the product purchases at the end of the experiment. The binding basket will be randomly drawn. Why a second basket? In order to help you in making better health choices when shopping for food, the Health Ministry is planning to introduce a graphical representation aimed at simplifying the display of nutritional values. Within this plan, our study has the aim of testing the impact of different graphical representation systems. The principle of our test consists in adding (or not) on the products' front of pack a graphical representation that might be understood with a quick look.

[Baseline:] We test with you the impact of repetition absent any graphical representation. You belong to the benchmark group.

[All other treatments:] We test with you the impact of the [name of the label] system.

[For all treatments but baseline, at this point we distributed to the subjects one-page description of the labeling scheme applied in their respective treatment. We projected the content of this leaflet overhead on two slides, and read aloud its content. Any questions were answered before moving on to the second shopping basket. The one-page descriptions are displayed next ] Any questions?

[During the shopping task, the overhead projectors showed a reminder of the main features of the task. This is its text:] Reminder: you shop for the next 2 days for your household. You are free to choose the products and quantity you prefer; to spend the amount you prefer. You can retrieve the informations that you would find on the backs of packs, namely ingredients and nutritional information, on screen.

Ending

Phase 3: questionnaire and end of the experiment. You will first be given two short questionnaires to fill in. Once the questionnaire filled, you will be asked to fill in the receipt for payment. Once everyone will be finished, an experimenter will call your code, and you will proceed to another room to purchase the food products of the randomly chosen basket. Thank you for your participation.



Qu'est ce que le Nutri Couleurs?

Cet étiquetage est une représentation graphique mise au point par des experts en nutrition qui permet de connaître :

l'apport en nutriments à limiter dans notre alimentation, en grammes (g) par portion, -la contribution de ces mêmes nutriments aux apports quotidiens de référence (en %).

Une couleur est associée à chacun de ces nutriments en fonction de leurs apports par portion (si la portion est inférieure à 100g, les couleurs sont données pour 100g de produit) :

Une indication de portion Une portion du produit 1 contient 2,3 g de sel. Le nombre d'étoiles est calculé en prenant en compte la teneur en éléments à favoriser (fibres, protéines, fruits et légumes) et en éléments à limiter (énergie, acides gras saturés, sucre et sel). 
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 1 Figure 1: Average absolute FSA score change, basket 2 vs. 1, by treatment

Figure 2 :

 2 Figure 2: distribution of FSA score change, basket 2 vs. 1, all treatments
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 4 Figure C.4: One page label explanation: NutriCouleur

  Figure C.6: One page label explanation: NutriMark

  

Table

  

	Label	Name	A.K.A.	Information Color	Base	Reference	Use
		NutriScore (NS)	5Couleurs	Aggregate	Yes	FSA score	Julia et al. (2014)	(since 2017) France
								Australia,
		NutriMark (NM)	Health Star Rating	Aggregate and analytic	No	HSR score	Australia (2013a,b)	New Zealand, Leclerc
								retailer
								United
		NutriCouleur (NC)	Multiple Traffic Light	Analytic	Yes	nut.values	FSA (2013)	Kingdom, Ireland,
								Spain
		NutriRepère (NR)	Guideline Daily Amount, Reference Intake	Analytic	No	nut.values	Rayner et al. (2004)	EU indsutry standard, US facts up front, . . .
		SENS	-	Aggregate	Yes	LIM score	Tharrey et al. (2017)	-

  Table gives the result of Wilcoxon Rank-sum tests, the lower diagonal of t-tests. Results are robust to the tests used. Among the label treatments, NutriScore performs better than any other label. NutriMark comes in second, outperforming all other remaining labels but NutriCouleur. SENS and NutriRepère are not statistically different from each other and come last.

		Benchmark	NS	NM	NC	SENS	NR
	Benchmark	0.12	<0.001 <0.001 <0.001 <0.001	0.001
	NS	<0.001	-2.65	0.034	0.001	<0.001 <0.001
	NM	<0.001	0.048	-1.86	0.26	0.014	<0.001
	NC	<0.001	0.001	0.394	-1.40	0.142	0.006
	SENS	0.002	<0.001	0.041	0.459	-0.81	0.222
	NR	0.019	<0.001	0.006	0.236	0.492	-1.02
	Mean treatment effect (FSA score absolute difference) on the diagonal (greyed).		
	P-values from two-tailed t-tests (lower triangle) and from Wilcoxon rank-sum tests (upper triangle).

Significant tests in bold.

Table 2 :

 2 

Average treatment effects (FSA score) and p-values from t-tests and Wilcoxon rank-sum tests

NutriScore × Basket 2 -2.766 *** -2.584 * -3.294 ** -2.487 * (0.619) (1.064) (1.087) (1.031) NutriMark × Basket 2 -1.974 **

  

					**
		(0.305)	(0.514)	(0.547)	(0.508)
	Basket 2	0.115	0.064	0.440	-0.117
		(0.431)	(0.728)	(0.774)	(0.719)
	NutriScore	-0.487	-0.627	-0.074	-0.725
		(0.437)	(0.752)	(0.769)	(0.729)
	NutriMark	-0.054	-0.194	0.662	-0.781
		(0.434)	(0.724)	(0.759)	(0.758)
	NutriCouleur	-0.846	-0.836	-0.820	-0.907
		(0.437)	(0.739)	(0.774)	(0.740)
	NutriRepere	-0.430	-1.487	0.636	-0.279
		(0.444)	(0.767)	(0.774)	(0.740)
	SENS	-0.656	-1.763 *	0.367	-0.340
		(0.441)	(0.767)	(0.786)	(0.719)
			-1.916	-3.049 **	-0.832
		(0.613)	(1.024)	(1.073)	(1.072)
	NutriCouleur × Basket 2	-1.513 *	-1.104	-2.274 *	-1.316
		(0.619)	(1.046)	(1.095)	(1.046)
	NutriRepere × Basket 2	-0.924	-0.705	-1.485	-0.645
		(0.627)	(1.085)	(1.095)	(1.046)
	SENS × Basket 2	-1.140	-0.639	-1.812	-1.079
		(0.624)	(1.085)	(1.111)	(1.016)
	N	1382	536	424	422
	R 2	0.078	0.073	0.126	0.088
	logLik	-3632.179	-1441.235	-1093.776	-1074.627
	AIC	7290.357	2908.469	2213.553	2175.255
	Significance thresholds: *** p < 0.001; ** p < 0.01; * p < 0.05.		

Table 3 :

 3 Difference in difference treatment effect estimations, overall and by income class Wilcoxon Signed Rank tests, significance thresholds: p-values < 0.10 : † < 0.05 : * ; < 0.01 : * * ; < 0.001 : * * *

		Benchmark NS	NM	NC	SENS	NR
	LIM	0.15 (3.34)	-3.94 * * * (4.91)	-2.57 * * * (4.22)	-2.31 * * (3.9)	-1.39 † (4.29)	-1.44 † (3.68)
	Fat	0.37 (12.83)	-6.85 * * (11.57) -6.49 * * (12.69)	-7.25 * * (12.46) -2.74 † (15.13) -3.65 (12.75)
	Saturated Fatty Acids	-0.01 (9.33)	-5.96 * * * (9.92)	-5.17 * * * (10.66) -5.3 * * * (8.81)	-0.64 (12.43)	-3.11 * (10.52)
	Sugar	0.23 (23.49)	-3.13 (18.97)	-1.75 (19.97)	-0.9 (22.02)	-2.84 (14.06)	-3.72 (18.03)
	Salt	0.02 (0.67)	0.03 (0.71)	-0.15 (0.59)	-0.14 (0.61)	-0.01 (0.61)	-0.03 (0.71)
	Normalized by weight	0.02 (1.04)	-1.21 * * * (1.45)	-0.85 * * * (1.24)	-0.52 * (1.09)	-0.46 * (0.98)	-0.54 * (1.2)

Table 4 :

 4 Robustness checks. Mean (st.dev.) absolute change in indicator, by treatment.

Table 5 ,

 5 last two columns). Again we can exploit within-subject variation and run a WSRT.

		Overall cost	Cost of 2000Kcal
		Difference p-value Difference p-value
	Benchmark	0.05	0.65	0.09	0.06
	NutriScore	-0.73	0.46	0.39 * * *	0.00
	NutriMark	-0.96 *	0.03	0.13	0.06
	NutriCouleur	-1.11 * * *	0.00	0.21 * *	0.01
	SENS	0.21	0.90	0.16 *	0.03
	NutriRepère	0.54	0.86	0.23 * *	0.01

Table 5 :

 5 Average cost difference and Wilcoxon Signed-Rank test, by treatment.

Table 6 :

 6 The coefficients can be directly interpreted as extra Euro spent for each 2000Kcal to obtain a one-point improvement in the score FSA. Only NutriCouleur (12 Euro cents) and more markedly SENS (22 Euro cents) show a significantly higher cost of the nutritional adjustment with respect to the Benchmark. Difference in difference estimation of the cost of FSA improvement

			∆cost	
		Coeff.	Std. Err. p-value
	Intercept	0.10	0.07	0.19
	∆FSA	0.04	0.04	0.32
	NutriScore	0.14	0.13	0.28
	NutriCouleur	-0.12	0.12	0.31
	NutriRepère	0.02	0.11	0.85
	NutriMark	-0.11	0.12	0.36
	SENS	-0.21	0.11	0.07
	∆FSA × NutriScore	0.02	0.05	0.67
	∆FSA × NutriCouleur 0.12 *	0.05	0.02
	∆FSA × NutriRepère	0.10	0.05	0.06
	∆FSA × NutriMark	0.04	0.05	0.45
	∆FSA × SENS	0.22 * * *	0.05	0.00
	For clarity, the FSA score sign has been inverted	

Table 8 :

 8 Difference in difference estimations of the cost of FSA improvements, by income groups

						∆cost	
					estimate std.error p.value
		Benchmark	Intercept		-0.13		0.12	0.29
			∆FSA		0.05		0.05	0.32
			medium		0.32		0.19	0.10
			high		0.40 *		0.18	0.03
			∆FSA × medium -0.09		0.10	0.36
			∆FSA × high	0.06		0.12	0.61
		NutriScore	Intercept		0.40 *		0.16	0.02
			∆FSA		-0.01		0.04	0.77
			medium		-0.24		0.27	0.38
			high		-0.40		0.25	0.12
			∆FSA × medium 0.12		0.07	0.09
			∆FSA × high	0.13 *		0.06	0.04
		NutriMark	Intercept		-0.04		0.12	0.73
			∆FSA		0.05		0.03	0.13
			medium		-0.01		0.21	0.95
			high		0.06		0.18	0.74
			∆FSA × medium 0.02		0.06	0.81
			∆FSA × high	0.18 * *	0.07	0.01
		NutriCouleur Intercept		0.06		0.14	0.68
			∆FSA		0.07		0.06	0.23
			medium		-0.21		0.23	0.36
			high		-0.10		0.22	0.64
			∆FSA × medium 0.21 *		0.09	0.02
			∆FSA × high	0.07		0.09	0.46
		SENS	Intercept		0.03		0.14	0.85
			∆FSA		0.35 * * *	0.05	0.00
			medium		-0.18		0.23	0.42
			high		-0.04		0.22	0.85
			∆FSA × medium -0.21 *	0.09	0.02
			∆FSA × high	-0.17		0.10	0.09
		NutriRepère	Intercept		0.27 *		0.12	0.03
			∆FSA		0.06		0.06	0.36
			medium		-0.45 *	0.19	0.02
			high		-0.04		0.18	0.84
			∆FSA × medium 0.12		0.09	0.20
			∆FSA × high	0.13		0.08	0.10
			Benchmark	NS		NC		NR	NM	SENS
		Basket 1	21.20 * * *	17.90		18.20		19.90	19.80	19.40
	# products	Basket 2	21.00 * * *	17.50		17.60		19.90	19.20	19.40
		Abs difference	-0.30	-0.30		-0.60 * * *	0.00	-0.60 †	0.00
	# product changes	mean entry mean exit	5.30 5.63	4.58 4.90		3.67 4.20		5.80 5.20	4.64 4.99	4.27 4.22
		Basket 1	1.06	0.88		1.89		1.18	0.90	1.45
	# of ingredient views	Basket 2	0.53	0.16		0.35		0.10	0.16	0.45
		% difference	-49.6% * * *	-82.3% * * *	-81.6% * * *	-91.5% * * *	-82.2% * * *	-68.9% * * *
	# of nutrition views	Basket 1 Basket 2	0.64 0.43	0.57 0.17		1.14 0.10		0.77 0.06	0.48 0.13	0.73 0.46
		% difference	-31.73%	-69.96% * * *	-90.83% * * *	-91.74% * * *	-72.17% * * *	-37.04% * *
	Tests: across treatments Wilcoxon Rank-Sum test; between baskets by treatment: Wilcoxon Signed-Rank test;
	Significance thresholds: p-values < 0.10 : † < 0.05 : * ; < 0.01 : * * ; < 0.001 : * * * ;		

Table 9 :

 9 Number of clicks, products, nutrition and ingredient views by treatment. Individual averages.

Table 10 :

 10 The nutritional label is... Qualitative label assessment, aggregate score by treatment

	easy to understand	0.94 0.89 0.86 0.91	0.91
	useful	0.94 0.91 0.88 0.89	0.85
	precise	0.71 0.76 0.74 0.79	0.57
	reassuring	0.75 0.70 0.69 0.74	0.67
	a tip for good choices	0.73 0.65 0.61 0.74	0.65
	just advertisement	0.30 0.36 0.34 0.34	0.41
	The nutritional label does...		
	give information about food items to limit	0.79 0.72 0.74 0.81	0.77
	give information on the nutritional composition 0.60 0.75 0.68 0.71	0.46
	show me the nutritional quality	0.79 0.79 0.79 0.79	0.69
	The nutritional label will...		
	influence my shopping	0.71 0.65 0.67 0.71	0.63
	help build a better diet	0.81 0.72 0.73 0.76	0.62
	help in following health recommendations	0.81 0.76 0.78 0.78	0.71

Table B .

 B 12: Difference in difference robustness regression: all alternative indicators and normalizations

				Score FSA	
		All	Low income	Middle income	High income
	Intercept	5.445 ***	5.713 ***	5.909 ***	0.207
		(0.736)	(1.103)	(1.379)	(1.899)
	Basket 2	0.115	0.064	0.440	-0.117
		(0.418)	(0.710)	(0.742)	(0.688)
	NutriScore	-0.259	-0.372	0.400	-0.598
		(0.427)	(0.749)	(0.750)	(0.707)
	NutriMark	0.091	0.188	0.782	-0.249
		(0.423)	(0.714)	(0.739)	(0.739)
	NutriCouleur	-0.480	-0.299	-0.430	-0.660
		(0.429)	(0.736)	(0.755)	(0.730)
	NutriRepere	-0.384	-1.051	0.488	-0.280
		(0.432)	(0.757)	(0.757)	(0.713)
	SENS	-0.478	-1.556 *	0.502	-0.081
		(0.431)	(0.762)	(0.761)	(0.695)
	NutriScore × Basket 2	-2.766 ***	-2.584 *	-3.294 **	-2.487 *
		(0.600)	(1.038)	(1.041)	(0.986)
	NutriMark × Basket 2	-1.974 ***	-1.916	-3.049 **	-0.832
		(0.595)	(0.999)	(1.028)	(1.026)
	NutriCouleur × Basket 2	-1.513 *	-1.104	-2.274 *	-1.316
		(0.600)	(1.020)	(1.049)	(1.000)
	NutriRepere × Basket 2	-0.924	-0.705	-1.485	-0.645
		(0.609)	(1.059)	(1.049)	(1.000)
	SENS × Basket 2	-1.140	-0.639	-1.812	-1.079
		(0.606)	(1.059)	(1.065)	(0.972)
	Middle income	0.222			
		(0.253)			
	High income	-0.612 *			
		(0.278)			
	Age 30 -44	0.159	0.562	0.233	-0.782
		(0.257)	(0.403)	(0.450)	(0.588)
	Age 45 -59	-0.777 **	-0.650	-0.887	-1.294 *
		(0.281)	(0.449)	(0.513)	(0.618)
	Age > 60	-2.555 **	-2.646	-4.625 **	-1.101
		(0.917)	(1.497)	(1.677)	(1.633)
	Family size	0.171 *	0.108	-0.022	1.002 ***
		(0.082)	(0.113)	(0.194)	(0.202)
	# of children	0.070	-0.001	0.526 *	-0.594 **
		(0.116)	(0.196)	(0.218)	(0.213)
	Body Mass Index	-0.010	0.014	-0.054	0.007
		(0.018)	(0.029)	(0.033)	(0.037)
	Worker	0.236	-0.464	0.687	2.874 *
		(0.334)	(0.494)	(0.556)	(1.124)
	Unemployed	0.934 *	-0.035	1.252	4.050 **
		(0.412)	(0.653)	(0.665)	(1.334)
	Student	-1.371 *	-2.278 **	1.896	6.420 **
		(0.565)	(0.737)	(1.395)	(2.393)
	Retired	1.631	2.317	2.894	2.233
		(1.273)	(2.335)	(2.768)	(2.240)
	High school degree	-0.366	-0.383	-1.202 *	0.411
		(0.295)	(0.475)	(0.525)	(0.606)
	University degree	-0.384	-0.641	-0.748	0.045
		(0.221)	(0.364)	(0.398)	(0.440)
	N	1382	536	424	422
	R 2	0.142	0.141	0.225	0.194
	logLik	-3582.712	-1420.807	-1068.250	-1048.540
	AIC	7223.424	2895.613	2190.500	2151.080
	*** p < 0.001; ** p < 0.01; * p < 0.05.			

Table B .

 B 13: Difference in difference FSA score estimation, overall and by income class, with controls
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For screenshots of the catalog, see Appendix D. The full catalog for the benchmark treatment is available here

Reference Intake have been previously known as Guideline Daily Amount[START_REF] Rayner | The origin of Guideline Daily Amounts and the Food Standards Agency's guidance on what counts as 'a lot'and 'a little[END_REF]. Although the principles behind GDA and RI are the same, the major difference is that GDA existed for men, women and children; there is only one set of Reference Intakes for an average adult.

Due to the size of the experimental campaign, four different experimenters were involved. Results are robust to controlling for the identity of the experimenter.

The source code for the interface, written in PHP, is available upon request.

Note that the number of product changes is not directly comparable to the difference in the average number of products. This is because the numbers reported are averages of individual values.

[see Appendix D for a sample page of the catalog in each treatment]
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Appendix C. Experimental instructions

The original instructions were made up of a Power Point slideshow, using several visual cues as to make them appealing and easy to understand for the varied and heterogeneous population of subjects we faced. The French version of the slideshow is available here. Here we provide a translation of all the words, plus the most relevant pictures.

General instructions

Welcome. This experiment is run by the Grenoble Applied Economics Laboratory (GAEL), part of the University Grenoble-Alpes (UGA). This study is financed by the Ministry for Social Affairs, Health and Womens' Rights.

The study is about individual food consumption behavior. Instructions will be given to you as we go along. During the whole session, you will have to take some simple decisions. Nonetheless, should you have any difficulty or misunderstandings, do not hesitate to ask. In order to protect your privacy during the session and in data analysis, you have been assigned a code. No data allowing us to identify you will be collected. Thus, it will be impossible for us to link your replies and decisions to your name. Data will be kept for statistical analysis and publication, but always in their anonymous format. Communication between participants is not allowed, nor are comments about what should or should not be done during the experiment. Keep concentrated on your own computer screen and keep silence for the whole session. If you have a question, feel free to raise your hands and ask anytime. You will see on your desk an envelop containing 32ein cash, rewarding you for your participation. This sum is yours to keep. During the experiment, you will have the opportunity to buy some products. It is important that you understand why and how you will be able to shop. We ask you to shop because we want to observe your actual shopping behavior and not just your shopping intentions. As behavioral scientists, we know that intentions can differ from actual purchasing decisions. Our guiding principle is simple: put you in a real shopping situation. You will have to buy some products, that you will have chosen yourself. In no circumstance our research group makes profits out of the eventual sales. The products will be sold at supermarket prices, as recorded by us on October 5th, 2016. You will discover these prices later in the experiment. This study is composed of several phases. After the start of each phase, instructions for the following phase will be given. A new phase will start only after all participants have completed the previous phase. This session will not exceed one hour and thirty minutes.

Phase 1: food shopping During this first phase, you will be shopping for food. You will have to compose your basket in the same way you would do in a supermarket. In order to observe your real shopping behavior, your decisions will have real implications (namely, the purchase of some products). Imagine you are in the only shop open today. Please do not take into account the shop you usually go to. You will have to shop for the coming 2 days (no week-end) for your household, choosing along the products available in our shop. Please think that your cupboards at home are empty. Think that they contain only some basic products: butter, flour, oil, spices, coffee, tea, seasoning, water, alcohol, wine, sugar, vinegar, sauces. These products will not be on sale here. In order to fill your shopping basket, you will be able to choose among 290 food products, presented to you in the paper catalogue that was just handed over to you 6 . Each page of the catalog contains products of a specific category. Each category is composed of 3 to 9 products. A table of contents is available at the beginning of the catalog. On the screen, you will see this page:

In order to select a product and display it on the screen, you can use the barcode scanner available on the desk in front of you. Pass the scanner over the barcode of the product and press the button. Should you meet any difficulty with the scanner, you can manually type the 4-digit product code in the search bar and click on 'search'. Once you selected the product, it will be shown on screen as seen in a supermarket shelf, showing its front of pack.

You will see price, price per kilogram or liter, and its weigh or volume. The prices shown have been recorded in a Grenoble area supermarket on October 5th, 2016. You can click on the buttons "Ingredients" and "Nutritional values" to access the information that you normally find on the back of pack. If you click on "Ingredients" you will access the substances or food additives used in the production of that food item. These ingredients are present in the final product in a more or less transformed state. On your screen (as on backs of pack), ingredients are ranked according to their relative importance in the product recipe. As the lax dictates, the ingredients potentially resulting in intolerances or allergies must be highlighted. Here, they will be written in ALL CAPS. If you click on "Nutritional values" on your screen (as on backs of pack) you will find the nutritional values, expressed for 100 grams of product. These values will not be available for some products (fruits, vegetables...), as for these products the law does not impose their display. Once you have selected the product you are free to choose a quantity, as you would do in normal shopping. Once you have chosen its quantity, you can add it to the basket by clicking on "add to basket". Even after you have added the product to your basket you can change its quantity using the buttons "+" and "-" and then confirming with the button "Change quantity". You can remove the product from the basket clicking on "Remove from basket". Once you have finished to fill your basket, you can click on "I finished my basket". Your decisions will have real implications. In order to observe your actual shopping behavior, your decisions will have real implication (namely, the purchase of some products). This will be done in the following way:

• in another room we store about one quarter of the 290 products displayed in the catalog. In order not to influence your choices, you will not know which products we store or not.

• at the end of the experiment we will identify the products of your basket that we stock; in all likelihood, a quarter of the products you chose.