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[bookmark: _Toc491092655][bookmark: _Toc365895185][bookmark: _Toc494361640]PREFACE
The research reported here way jointly supported by the European Commission under the Seventh Framework Programme for Support for training and career development of researchers Marie Curie Industry Academia Partnerships and Pathways (IAPP) – VeggiEAT Project No. 612326. The objective of the project is to critically evaluate vegetable acceptability through individual and environmental characteristics across the lifespan in institutional food service. This report refers specifically to the Deliverable D5.1 -WP5 - Production of model mapping determinants of vegetable acceptability through sensory characteristics and choice architecture. The objective of WP 5 was to establish model(s) that will bring together the results from the exposure study and the choice architecture study, and combine in one data set consumer characteristics, foodscape, and other attitudinal factors. All of these were synthesized in model(s) aimed at the identification of the factors that determines vegetable consumption across age groups in canteen settings. 
The results contribute to a better understanding about the factors that influence the food choice in both adolescents and seniors. It was seen that the full model including gender; Mediterranean score; food neophobia; self-efficacy; hunger scale and attitudes towards nudging did not show differences in relation to the choice of plant-based dish for seniors. On the other hand, it was found that male adolescents were 67% less likely to choose the plant-based dish and those who scored higher in the nudging scale; were 8% more likely to choose the plant-based dish. Some other factors (from Food Choice Questionnaire, Human Values Scale and Social Norms and self-estimated health) showed association with adolescents and/or seniors. Future studies with larger sample size are needed to try new modelling strategies. University of Copenhagen (KU) coordinated the work, supported by Bonduelle, Bournemouth University, Institut Paul Bocuse and University of Florence. Correspondence should be addressed to Federico J. Armando Pérez-Cueto, University of Copenhagen, Department of Food Science, Rolighedsvej 26, 1958, Frederiksberg C, Denmark. Tel. +45 60 74 33 90.  Email: apce@food.ku.dk. 
Copenhagen, August, 2017. 


























[bookmark: _Toc491092656][bookmark: _Toc365895186]
[bookmark: _Toc494361641]EXECUTIVE SUMMARY 

The objective of WP5 was to establish model(s) that will bring together the results from the exposure study and the choice architecture study, and combine in one data set consumer characteristics, foodscape, and other attitudinal factors. All of these were synthesized in model(s) aimed at the identification of the factors that determines vegetable consumption across age groups in canteen settings. 
A total of 380 adolescents and 345 elderly citizens from Denmark, France, Italy and United Kingdom participated in this study. 
The two questionnaires applied consisted of sociodemographic characteristics and hunger scale (questionnaire 1); food related lifestyle (adherence to Mediterranean Diet, Food Frequency Questionnaire, Food Neophobia, Buffet View); personal values (Human Values Scale, self-efficacy, social norms and self-estimated health) and attitudes towards nudging. 
As no differences were found between control and intervention groups in the choice of dish for both adolescents and seniors,  this variable was recoded as plant-based dish (VeggiEAT dish) and animal-based dish (meatballs +fish cakes). 
Binary logistic regression analyses were used to assess associations between choice of dish (dependent variable: plant-based and animal-based dish) and independent variables. A binary logistic regression model adjusted by gender, Mediterranean score, hunger scale, attitudes towards nudging, self-efficacy and food neophobia was run to check if differences would be found in relation to the outcome (choice of the dish). Additional models with the same purpose were run with social norms scale and self-estimated health; with each dimension of FCQ and with each dimension of the Human Values Scale.
For the full model, including gender; Mediterranean score; food neophobia; self-efficacy, hunger scale and attitudes towards nudging differences were not found in relation to the choice of plant-based dish for seniors. On the other hand, it was found that male adolescents were 67% less likely to choose the plant-based dish and those who scored higher in the nudging scale; were 8% more likely to choose the plant-based dish.
For the Food Choice Questionnaire (FCQ), adolescents who scored higher in the health dimension of FCQ were 112% more likely to choose the plant-based dish. Furthermore, those who scored higher in the natural dimension were 81% more likely to choose the plant-based dish. For seniors, those with higher score in the convenience dimension and with higher score in the sensory dimension were 32% less likely and 90% more likely to choose the plant-based dish, respectively. 
The results of the model including each dimension of the Human Values Scale associated with the choice of plant-based dish, showed that adolescents who scored higher in the power dimension were 40% more likely to choose the plant-based dish; and those with higher score in the universalism dimension were 34 % less likely to choose the plant-based dish. For seniors, those with higher score in the security dimension were 43% more likely to choose the plant-based dish. In addition, seniors with a higher score in the universalism dimension of the Humans Value Scale were 40% less likely to choose the plant-based dish.
Finally, adolescents with higher scores in the social norms and self-estimated health were 18% and 20%, respectively, more likely to choose the plant-based dish. 
In conclusion, it was observed that different factors seem to drive adolescents and senior citizens in their food choice. It is important that future studies could consider these factors when designing new interventions within these populations. 




[bookmark: _Toc365895187][bookmark: _Toc494361642] Modelling vegetable based dish choices through choice architecture and sensory characteristics
[bookmark: _Toc365895188][bookmark: _Toc494361643]INTRODUCTION

The determinants of food choice are a complex subject. Hunger is one of the most important determinants, but the food we select daily is not only determined by physiological or nutritional needs. They are influenced by biological determinants (mainly hunger, appetite and taste); economic determinants (cost, income and availability); physical factors such as access to food, education; skills (including cooking) and time available to buy food and prepare meals. Furthermore, social determinants such as culture, family, peers and meal patterns and psychological factors such as mood, stress and guilt also play an important role in the choice of food. Finally, attitudes, beliefs and knowledge about food (what consumers know about food; about a healthy diet and so on) influence food selection (EUFIC, 2006). 
[bookmark: _GoBack]Because of that, interventions to change food intake/ food selection in most cases have limited effectiveness, and only a slight effect on behavior changes was observed. One of the reasons for the lack of impact is related to the theories supporting this type of intervention. Most assume that dietary behaviours are reasoned and based on conscious decisions, as seen in The Theory of Planned Behavior (Figure 1)( Ajzen,1985), Health Behavioral Model (Figure 2)(Rosenstock, 1974) and Transtheoretical Model (Figure 3)( Prochaska & DiClemente, 1994). Yet, dietary behaviors are mainly habitual and occur without conscious effort.
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[bookmark: _Toc489728846][bookmark: _Toc489729111]Figure 1: The Theory of Planned behavior (adopted from Luzzi and Spencer(28)).
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[bookmark: _Toc489728847][bookmark: _Toc489729112]Figure 2: The Health Behavioral Model).
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[bookmark: _Toc489728848][bookmark: _Toc489729113]Figure 3: The Transtheoretical Model, which was developed to understand addiction behavior1.

1It consists of 5 stages (Pre-contemplation, Contemplation, Preparation, Action, and Maintenance), plus one potential (Relapse).

For the implementation of these interventions globally, less costly population-level interventions are preferable, so that governments and organizations can take action in a bottom-up fashion and achieve better health equity in the long-term. 
Innovative interventions such as nudge interventions started to be considered to contribute towards achieving behavioral change. Nudging takes advantage of the Dual Process Theory and its two systems of choice (see Figure 4). This theory presents the new paradigm by including the automatic (unreflective, controlled by instinct and heuristics, often unconscious) and reflective (rational, conscious, and often involving self-awareness) systems(Evans, 2008). Nudging aims to affect the decision making process towards a desirable choice, by exploring the automatic system and hence easing the making of better choices (Skov et al., 2013).  

[image: DPTscheme.jpg]
[bookmark: _Toc489728849][bookmark: _Toc489729114]Figure 4: Decision making process based on Dual Process Theory1.

1The Dual Process Theory involves a division of the human cognition into two systems: the reflective and automatic system. The reflective system is rational and involves conscious reasoning, while the automatic system is more unreflective and controlled by instinct and heuristics.


Therefore, a nudging intervention was considered for the VeggiEAT study with adolescents and seniors, through “the dish of the day strategy” based on a systematic review of the literature as presented at Section 2 of WP4 report. Unfortunately the results of this nudge were inconclusive and no significant differences were found between control and intervention groups under the study conditions, although subtle population nuances were identified. However, as many factors influence food choice, especially vegetable acceptability, these were included in both WP4 VeggiEAT questionnaires and were also subject of previous VeggiEAT Work Packages. The objective of this Work Package 5 is to map the determinants of vegetable acceptability through sensory characteristics and choice architecture.
[bookmark: _Toc365895189][bookmark: _Toc494361644]METHODS

This Work Package is part of VeggiEAT, a European project (Denmark, France, Italy and United Kingdom) that aims to develop a platform for predictive modelling of processed vegetable intake taking into account individual characteristics (acceptability, intake level, age groups) as well as environmental cues (choice architecture and institutional setting) and thus increase vegetable consumption in adolescents and seniors (VeggiEAT, 2017).  This aim will be achieved through the development of consumer-oriented products (sensory evaluation); the development of recipes for use by institutional food providers (restaurants, canteens, etc.) and the benchmarking of choice architecture facilitating the consumption of vegetables.
In order to increase the consumption of vegetables by adolescents and seniors, a VeggiEAT dish was designed at Institut Paul Bocuse, France, incorporating peas and sweet corn. The development of this dish was based on the sensory determinants of stated liking and actual liking of those vegetables, aiming to produce a tasty dish for the target populations. In Work Package 4, the VeggiEAT dish was tested using the ‘dish of the day` as a nudging strategy as a tentative ‘push’ to promote its consumption by adolescents and senior consumers. However, results showed that there were no significant differences in the choice of the dish between control and intervention groups both for adolescents and seniors, although subtle nuances have been identified.
[bookmark: _Toc365895190][bookmark: _Toc494361645]Study Design
This study was a quasi-randomised field trial design with random allocation to the intervention or the control situations. It was conducted in a sample of European adolescents (aged 13-17 years-old) and European seniors (aged 65 years-old or more). 
[bookmark: _Toc365895191][bookmark: _Toc494361646]Sample size Calculation
The Sample size was calculated based on the pilot test conducted at the Institute Paul Bocuse (IPB) in November 2015 (Lwanga & Lemeshow, 1991). A minimum of 88 individuals (44 individuals for the control and 44 for the intervention in each country), was needed, based on 80% power and a significance level of 95%. 
[bookmark: _Toc365895192][bookmark: _Toc494361647]Recruitment
Denmark
· ADOLESCENTS
The recruitment was conducted from 25 of January to 15 of February. The first step was to send an email to all schools with students from 12 to 17 years old in Copenhagen, Denmark, explaining about the VeggiEAT Project and inviting them to participate in our study. Three schools agreed to participate in the VeggiEAT study: Copenhagen International School (CIS), Ørestad Gymnasium and Trekronergade Freinetskole. 
Data collection occurred on three occasions, in February, March and April 2017, during lunchtime (Copenhagen International School and Ørestad Gymnasium) and during dinnertime (Trekronergade Freinetskole). For Copenhagen International School, food was prepared and served in the school canteen. For the other two schools, food was prepared in the Gastrolab (Gastronomy laboratory at University of Copenhagen) and served in the Sensory Evaluation Room, at the University. 
The ninety-four participants were randomly allocated in control and intervention groups. 
· SENIORS
The recruitment was conducted through phone calls to the senior centres located inside and outside the Copenhagen area and through emails to the senior consumer panel of the University of Copenhagen. Participants over 65 years old were invited to take part in the study. Four data collection points occurred from March to May 2017, during lunchtime. Three senior centres participated in the data collection: Aktivitetscenter Nødager, located in Lejre Commune; Aktivitets- og Frivilligcenter in Solrød Commune and Seniorhuset Korsagergård in Vallensbæk Commune. The last data collection was held at the University of Copenhagen with members from the University food panel. Ninety-seven participants who agreed to participate in the study were randomly allocated for control and intervention groups. Seniors from Vallensbæk were the intervention group (n=49) and seniors from Lejre, Solrød and food panel were the control group (n=48).
France
· ADOLESCENTS 
In France, individuals were invited for the same meal in the same context, the Living Lab of the Institute Paul Bocuse, a real restaurant designed as a platform of data collection. 
Choices were made individually from a menu card (prior to seeing the dishes) that indicated the veggie balls as dish of the day for the intervention group. The order of presentation of the dishes on the menu was randomized on each menu card to minimize ordering effects.
Recruitment was conducted via email from the IPB’s internal consumer database, as well as online through social networks ads. Participants came for dinner and completed the survey afterwards. The meal was offered as an incentive to attract respondents. The inclusion criteria, besides meeting the age constraints, was absence of food allergies.
· SENIORS
The recruitment followed the same methodology for adolescents, with the exception that the seniors were invited for lunch at IPB. 
Italy
· ADOLESCENTS
[bookmark: _Hlk485410101]The recruitment was conducted in a secondary school located in Firenze, through school personnel. All students aged 14-16 years old were invited to participate. Data collection occurred on one occasion, in May 2017, during lunch time, at the canteen annex to the school ran by the school personnel. The meal consisted of three dishes: first course (risotto with mushrooms), main dish (baked balls served with green salad) and dessert (fruit tart).
The eighty-seven participants who signed up for the study were randomly allocated to control and intervention groups.
· SENIORS
[bookmark: _Hlk485415330]The recruitment was conducted through mailing key people responsible for lunch clubs in Florence. Participants over 65 years old were invited to take part in the study. Data collection occurred during May 2017 at lunch time, at the club located in Pian di Mugnone (FI).The meal consisted of three dishes: first course (pasta with fresh tomato sauce), main dish (baked balls served with green salad) and dessert (apple crumble with cream).
The forty-seven participants who signed up for the study were randomly allocated to control and intervention groups.
United Kingdom
· ADOLESCENTS
The recruitment was conducted in an educational establishment located in Bournemouth, through email and posters. All students aged 16-19 years old were invited to participate. Data collection occurred on three occasions, in January and March 2017, during lunch time, in a canteen run by the Hospitality students from Bournemouth University. The eighty six participants who signed up for the study were randomly allocated to control and intervention groups. 
· SENIORS
The recruitment was conducted through mailing key people responsible for senior care centres, churches and lunch clubs in Bournemouth. Participants over 65 years old were invited to take part in the study. Data collection occurred on 21 December 2016 during lunch time, at a canteen in Bournemouth University. The eighty seven participants who signed up for the study were randomly allocated for having their meals at two different times, in order to test control and intervention conditions. 
[bookmark: _Toc365895193][bookmark: _Toc494361648]Data collection
Before initiating their meals, each participant was provided with a randomly generated identification number, read and signed a consent form and completed the first questionnaire (WP4). Adolescents, if younger than 16 years old, were also required to provide a form signed by their legal guardian. Each centre was responsible to provide the form in the national language.
The choice architecture intervention employed was to use the “Dish of the Day” as a nudge. Further detail is provided in WP 4 report. 
[bookmark: _Toc365895195][bookmark: _Toc494361649]Ethics
Ethical approval was sought and granted through standard procedures in all countries. Appropriate health and safety considerations, together with a risk assessment protocol, were carried out prior to the commencement of the research. Individual written informed consent was obtained from all individuals. Confidentiality and anonymity were assured at all times. 
[bookmark: _Toc365895196][bookmark: _Toc494361650]Definition of the variables
Adherence to Mediterranean Diet 
Mediterranean Diet Adherence was assessed using the 14-point Mediterranean Diet Adherence Screener (MEDAS) (Martínez-González et al., 2012) which comprises 12 questions on food consumption frequency and two about food intake habits considered characteristic of the Mediterranean diet. Each question was scored 0 or 1 and in this study, final Mediterranean adherence scores ranged from 0-14. 
Hunger scale
Hunger was self-rated by the participants prior to the meal, using the 10-point hunger scale (Ominchanski, 1992), which varies from 1 to 10 (1 being extremely hungry and 10 being extremely full). 
Food Neophobia
Food neophobia was evaluated using the Food Neophobia scale (Pliner & Hobden, 1992). This is a 10-point scale in which a high mean score, calculated by summing individual item scores measured on a 7-point Likert scale (ranging from strongly disagree to strongly agree), represents high food neophobia, while a low score represents low food neophobia. 
Attitudes towards Nudging
This was evaluated by asking about ten hypothetical scenarios so the respondents could relate to the concept of food choice behaviour change interventions (Dolan et al., 2012). The mean score of the scale was calculated by summing the individual item scores measured on a 5-point Likert scale (ranging from strongly disagree to strongly agree). 
Self-efficacy scale
The scale assesses a general sense of perceived self-efficacy with the aim in mind to predict coping with daily hassles as well as adaptation after experiencing all kinds of stressful life events (Schwarzer & Jerusalem, 1995). A high mean score, calculated by summing individual item scores measured on a 4-point Likert scale (ranging from not true at all to exactly true), represents a high self-efficacious person in this 10-point scale. 
Food Choice Questionnaire (FCQ)
This scale is a multidimensional tool that measures motives related to food choice (Steptoe et al, 1995). Participants were asked to endorse the statement ‘‘it is important to me that the food I eat on a typical day . . .’’ for each of the 24 items by choosing between four responses: not at all important, a little important, moderately important and very important, scored 1 to 4. This scale is formed by 8 dimensions:  sensory (questions 1, 5 and 24 of the scale); natural (questions 4, 9 and 14); mood (questions 12, 15, 19 and 20); health (questions 2, 13, 18 and 22); price (questions 10 and 23); weight (questions 6,11 and 21); familiarity ( questions 7 and 17) and convenience ( questions 3, 8 and 16). 
Human Values Scale
This is a very well-established measure developed by Schwartz, 2003. A 21-point scale ranges from “very much like me ”to “not like me at all” and it is formed by 10 human values: self-direction, power, universalism, achievement, security, stimulation, conformity, tradition, hedonism and benevolence.
All items measuring values were centred around the participant’s mean rating across all values completed as recommended by Schwartz (2009); centring involves subtracting the participant’s overall mean score of values from each of the individual value.
Social Norms and Self-estimated health
Nørnberg et al., 2016, applied these scales in a previous study. They are included in question 11 of the VeggiEAT questionnaire. The factor Social norms, was assessed with three statements:
• “My friends eat vegetables every day”
• “My mom and dad eat vegetables every day”
• “My parents encourage me to eat vegetables every day.”
To measure Self-estimated health, respondents were asked to assess whether  they:
• “think they are healthier compared to others their age”
• “eat healthier than others their age”
• “would like to lose weight”
• “eat more vegetables than most people at their age.”
The mean score of each scale was calculated by summing the individual item scores measured on a 5-point Likert scale (ranging from strongly disagree to strongly agree). 
[bookmark: _Toc365895197][bookmark: _Toc494361651]Statistical Analyses 
[bookmark: _Toc494361652]Modelling the determinants of vegetable acceptability through choice architecture 
First, a chi-square test was used to check if there was any difference in the choice of dish between control and intervention groups.  If no differences were found, the variable choice of dish would be recoded as plant-based dish (VeggiEAT dish) and animal-based dish (meatballs +fish cakes). 
	Binary logistic regression analyses was used to assess associations between choice of dish (dependent variable: plant-based and animal-based dish) and independent variables. Based on the work of Peduzzi et al., 1996 the maximum number of independent variables to be included in a study depends on sample size and the proportion of positive cases (percentage of people who chose the plant-based dish in this case). In this study, 6 is the maximum number of independent variables allowed for inclusion in a logistic regression model. 
	Thus, a binary logistic regression model adjusted by gender, Mediterranean score, hunger scale, attitudes towards nudging, self-efficacy and food neophobia was run to check if differences would be found in relation to the outcome (choice of the dish). Additional models with the same purpose were run with social norms scale and self-estimated health; with each dimension of FCQ and with each dimension of Human Values Scale. A p value of <0.05 was used to define statistical significance. All analyses were run in SAS 9.4. 
[bookmark: _Toc494361653]Modelling the determinants of vegetable acceptability through sensory characteristics
One additional objective of this Work Package was to explain the determinants of vegetable acceptability through sensory characteristics. For this purpose, we selected the variable “liking of the plant-based dish (veggie balls)” by the respondents that chose the plant-based dish, thus the analysis was restricted to this population. We developed many models in a tentative way to explain the determinants of the liking for the veggie balls.  
The liking of the dish was dichotomized into two categories: final score ≤ 3 indicates low liking and final score ≥4 = high liking. Binary logistic regression analysis was used to assess associations between liking of plant-based dish (dependent variable) and independent variables. Based on the work of Peduzzi et al., 1996 the maximum number of independent variables to be included in a study depends on sample size. In this study, 3 is the maximum number of independent variables allowed for inclusion in a logistic regression model. 
	Thus, binary logistic regression models were built to find possible determinants of the liking for the plant-based dish. One model adjusted by gender, age group (1= adolescents, 2=elderly) and Mediterranean score; a second model including food neophobia, hunger scale and country and a third model including being or not vegetarian, attitudes towards nudging and self-efficacy scale.   A p value of <0.05 was used to define statistical significance. All analyses were run in SAS 9.4. 
[bookmark: _Toc365895198][bookmark: _Toc494361654]RESULTS
[bookmark: _Toc494361655]GENERAL DESCRIPTION OF ADOLESCENTS
The sociodemographic characteristics of the sample are found in Table 1. In most countries, prevalence of males and females in the sample is around 50%, except in Italy where the prevalence of the male adolescents is slightly higher (60%). Mean age also varies, however it is within the range allowed for our sample (13-19 years old). Denmark is the country with higher prevalence of vegetarians, followed by the United Kingdom, France and Italy. In relation to frequency of eating out, in Denmark, Italy and United Kingdom more than 80% of the adolescents have their meals outside the home up to 2 times a week. In France, a higher proportion of adolescents consume meals outside the home (34% reported eating out from 3-4 days a week up to everyday). A similar scenario was found for eating in a school canteen. 



Table 1: Sociodemographic characteristics of adolescents by country
	
	Denmark (n=94)
	France
(n=112)
	Italy
(n=88)
	United Kingdom
(n=86)

	Sex (% female)
	48.8
	50.0
	40.0
	48.8

	           Age (years)
	

	Mean (SD)
	14.8 (0.85)
	17.1 (1.17)
	15.4 (0.87)
	17.1 (0.96)

	Range
	13-17
	16-19
	14-16
	16-19

	People who declared to be Vegetarian (%)
	9.6
	2.7
	1.7
	5.8

	Frequency of eating out (%)
	

	Never
	10.6
	3.0
	13.0
	10.5

	Once a week or less
	57.5
	38.0
	55.0
	52.0

	2-days a week
	23.4
	14.5
	24.0
	22.0

	3-4 days a week
	3.2
	20.0
	8.0
	10.5

	Everyday
	5.3
	14.0
	0
	5.0

	Frequency of eating in canteen (%)
	

	Never
	32.0
	27.5
	50.0
	25.6

	Once a week or less
	24.0
	11.0
	38.0
	36.0

	2-days a week
	13.0
	13.0
	1.0
	16.3

	3-4 days a week
	15.0
	26.0
	1.0
	17.4

	Everyday
	16.0
	22.5
	0
	4.7




No differences in the choice of the dish between control and intervention groups were found, according to Table 2. Thus, as mentioned previously, the dishes were recoded as “animal-based dish” (meat balls + fish cakes) and ”plant-based dish” (veggie balls) and different models were developed as a tentative approach to predict the reasons people chose the animal-based or plant-based dishes (dependent variable, plant based dish as reference in each model).

Table 2: Proportional comparison with (%) of choice of dish between intervention and control groups in adolescents by country
	Country
	Choice of Dish
	Intervention
	Control
	P value

	
Denmark
	Meat balls
	30 (67.0)
	33 (67.4)
	
0.81

	
	Veggie balls
	11 (24.0)
	10 (20.4)
	

	
	Fish cakes
	4 (9.0)
	6 (12.2)
	

	
France
	Meat balls
	44 (72.0)
	41 (74.0)
	
0.94

	
	Veggie balls
	9 (15.0)
	7(13.0)
	

	
	Fish cakes
	8 (13.0)
	7 (13.0)
	

	
Italy
	Meat balls
	28 (65.0)
	26 (62.0)
	
0.82

	
	Veggie balls
	8 (19.0)
	7(17.0)
	

	
	Fish cakes
	7 (16.0)
	9 (21.0)
	

	United Kingdom
	Meat balls
	22 (51.0)
	22 (51.0)
	
0.80

	
	Veggie balls
	8 (19.0)
	6 (14.0)
	

	
	Fish cakes
	13 (30.0)
	15 (35.0)
	



[bookmark: _Toc494361656]RESULTS FOR MODELLING VEGETABLES ACCEPTABILITY THROUGH CHOICE ARCHITECTURE FOR ADOLESCENTS

A model including gender, Mediterranean score, food neophobia scale, self-efficacy scale and hunger scale was run and it was found that male adolescents were 67% less likely to choose the plant-based dish. In addition, adolescents who scored higher in the nudging scale; were 8% more likely to choose the plant-based dish. 

Table 3: Odds ratios and 95% CI for the model including all independent variables below associated with the choice of plant-based dish in the final logistic regression model in adolescents
	Variables
	Estimate
	OR for plant-based dish
	95% CI
	P value

	Gender‡
	-1.07
	0.34
	(0.18; 0.63)
	0.0006

	Mediterranean Score
	0.09
	1.09
	(0.94;1.27)
	0.23

	Food Neoophobia
	0.01
	1.01
	(0.96; 1.06)
	0.58

	Attitudes towards nudging
	0.07
	1.08
	(1.03 ;1.12)
	0.0003

	Self-efficacy
	-0.01
	0.98
	(0.93: 1.03)
	0.50

	Hunger scale
	-0.19
	0.82
	(0.63; 1.08)
	0.16


‡ Reference category: Female

Table 4 shows each dimension of FCQ associated with the choice of plant-based dish. Adolescents who scored higher in the health dimension of FFQ were 112% more likely to choose the plant-based dish. Furthermore, adolescents who scored higher in the natural dimension of FFQ were 81% more likely to choose the plant-based dish. 

Table 4: Odds ratios and 95% CI for each dimension of FCQ associated with the choice of plant-based dish in adolescents
	Variables
	Questions
	Estimate
	OR for plant-based dish
	95% CI
	P value

	Sensory
	(1,5,24)
	-0.15
	0.85
	(0.55; 1.32)
	0.47

	Health
	(2,13,18,22)
	0.75
	2.12
	(1.19; 3.77)
	0.01

	Natural
	(4, 9, 14)
	0.59
	1.81
	(1.17; 2.79)
	0.007

	Convenience
	(3,8,16)
	-0.28
	0.75
	(0.52; 1.07)
	0.11

	Mood
	(12, 15, 19, 20)
	0.25
	1.29
	(0.88; 1.87)
	0.18

	Price
	(10,23)
	-0.01
	0.99
	(0.70; 1.38)
	0.95

	Weight
	(6,11,21)
	0.27
	1.31
	(0.95; 1.82)
	0.09

	Familiarity
	(7,17)
	-0.13
	0.87
	(0.62; 1.22)
	0.44



Table 5 shows the results of binary logistic regressions with each dimension of Humans Values Scale associated with the choice of plant-based dish in adolescents. Adolescents who scored higher in the power dimension were 40% more likely to choose the plant-based dish; and those with a higher score in the universalism dimension were 34 % less likely to choose the plant-based dish. 


Table 5: Odds ratios and 95% CI for each dimension of Human-Values scale associated with the choice of plant-based dish in adolescents
	Variables
	Questions
	Estimate
	OR for plant-based dish
	95% CI
	P value

	Power
	(2,17)
	0.33
	1.40
	(1.07; 1.82)
	0.01

	Universalism
	(3,8,19)
	-0.40
	0.66
	(0.44; 1.01)
	0.04

	Security
	(5,14)
	-0.13
	0.87
	(0.66; 1.15)
	0.33

	Hedonism
	(10,21)
	0.01
	1.01
	(0.99; 1.04)
	0.10

	Achievement
	(4,13)
	0,02
	1.02
	(0.99; 1.04)
	0.10

	Stimulation
	(6,15)
	-0.03
	0.96
	(0.70; 1.33)
	0.83

	Self-direction
	(1,11)
	0.07
	1.08
	(0.74; 1.57)
	0.68

	Tradition
	(9,20)
	0.10
	1.11
	(0.82; 1.50)
	0.48

	Conformity
	(7,16)
	-0.02
	0.97
	(0.73; 1.28)
	0.83

	Benevolence
	(12,18)
	-0.29
	0.74
	(0.51; 1.08)
	0.12



The association between social norms scale and self-estimated heath scale with the choice of plant-based dish is found in Table 6. Adolescents with higher scores in the social norms were 18% more likely to choose the plant-based dish and those with higher scores in the self-estimated health scale were 20% more likely to choose the plant-based dish.

Table 6: Odds ratios and 95% CI for social norms and self-estimated health associated with the choice of plant-based dish in adolescents
	Variables
	Estimate
	OR for plant-based dish
	95% CI
	P value

	
	
	
	
	

	Social Norms
	0.16
	1.18
	(1.04; 1.34)
	0.01

	Self-estimated Health
	0.18
	1.20
	(1.08; 1.33)
	0.007



[bookmark: _Toc494361657]GENERAL DESCRIPTION OF SENIORS
Female citizens formed most of our sample (Table 7). Prevalence of vegetarians among seniors was low, being higher in the UK (2.3%). The majority of the individuals eat out once a week or less. 
Table 7: Sociodemographic characteristics of elderly by country
	
	Denmark (n=97)
	France
(n=114)
	Italy
(n=47)
	United Kingdom
(n=87)

	Sex (% female)
	67.0
	60.5
	55.3
	62.0

	Mean (SD)
	73.9 (6.4)
	71.1 (5.2)
	70.7 (5.9)
	71.5 (4.9)

	Range
	65-89
	65-89
	65-87
	65-84

	People who declared to be Vegetarian (%)
	
1.0
	
2.0
	
0
	
2.3

	Frequency of eating out (%)
	

	Never
	10.3
	18.1
	25.5
	12.7

	Once a week or less
	68.0
	66.4
	57.4
	58.6

	2-days a week
	18.6
	13.8
	6.4
	26.4

	3-4 days a week
	3.1
	0.9
	6.4
	2.3

	Everyday
	0
	0.8
	4.3
	0




No differences in the choice of the dish between control and intervention groups were found, according to Table 2. Thus, as mentioned previously, the dishes were recoded as “animal-based dish” (meat balls + fish cakes) and ”plant-based dish” (veggie balls) and different models were developed as a tentative approach to predict the reasons people chose the animal-based or plant-based dish (dependent variable, plant based dish as reference in each model).

Table 8: Proportional comparison with (%) of choice of dish between intervention and control groups in seniors by country
	Country
	Choice of Dish
	Intervention
	Control
	P value

	
Denmark
	Meat balls
	21 (42.9)
	18 (37.5)
	
0.86

	
	Veggie balls
	12 (24.5)
	13 (27.1)
	

	
	Fish cakes
	16 (32.6)
	17 (35.4)
	

	
France
	Meat balls
	25 (42.0)
	19 (33.0)
	
0.31

	
	Veggie balls
	8 (13.0)
	5 (8.0)
	

	
	Fish cakes
	27 (45.0)
	34 (59.0)
	

	
Italy
	Meat balls
	9 (39.0)
	7 (29.0)
	
0.77

	
	Veggie
	4 (17.0)
	5 (21.0)
	

	
	Fish balls
	10 (44.0)
	12 (50.0)
	

	United Kindgom
	Meat balls
	9 (20.0)
	17 (40.0)
	
0.10

	
	Veggie balls
	10 (23.0)
	10 (23.0)
	

	
	Fish cakes
	25 (57.0)
	16 (37.0)
	



[bookmark: _Toc494361658]RESULTS FOR MODELLING VEGETABLES ACCEPTABILITY THROUGH CHOICE ARCHITECTURE FOR SENIORS 
A model including gender, Mediterranean score, food neophobia scale, self-efficacy scale and hunger scale was run and no differences were found in relation to the choice of plant-based dish (Table 9). 


Table 9: Odds ratios and 95% CI for the model with all independent variables below associated with the choice of plant-based dish in the final logistic regression model in seniors
		Variables
	Estimate
	OR for plant-based dish
	95% CI
	P value

	Gender‡
	-0.47
	0.61
	(0.34; 1.11)
	0.11

	Mediterranean Score
	-0.01
	0.98
	(0.86; 1.11)
	0.76

	Food Neoophobia
	-0.02
	0.99
	(0.96; 1.03)
	0.87

	Attitudes towards nudging
	-0.01
	0.98
	(0.95; 1.01)
	0.39

	Self-efficacy
	-0.01
	0.98
	(0.93; 1.03)
	0.45

	Hunger scale
	-0.12
	0.88
	(0.61; 1.27)
	0.50





‡ Reference category: Female

Table 10 shows each dimension of FCQ associated with the choice of plant-based dish. Seniors who scored higher in the convenience dimension of FFQ were 32% less likely to choose the plant-based dish. Furthermore, those who scored higher in the sensory dimension of FFQ were 90 % more likely to choose the plant-based dish. 

Table 10: Odds ratios and 95% CI for each dimension of Food Choice Questionnaire associated with the choice of plant-based dish in seniors
	Variables
	Questions
	Estimate
	OR for plant-based dish
	95% CI
	P value

	Convenience
	(3,8,16)
	-0.38
	0.68
	(0.49; 0.94)
	0.02

	Sensory
	(1,5,24)
	0.64
	1.90
	(1.11;3.26)
	0.01

	Natural
	(4, 9, 14)
	0.03
	1.03
	(0.73; 1.46)
	0.83

	Mood
	(12, 15, 19, 20)
	0.19
	1.21
	(0.87; 1.70)
	0.25

	Health
	(2,13,18,22)
	0.31
	1.36
	(0.86; 1.17)
	0.18

	Price
	(10,23)
	0.002
	1.00
	(0.73; 1.17)
	0.99

	Weight
	(6,11,21)
	0.01
	1.01
	(0.73; 1.40)
	0.92

	Familiarity
	(7,17)
	-0.22
	0.79
	(0.58; 1.09)
	0.79



Table 11 shows the results of binary logistic regressions with each dimension of Human Values Scale associated with the choice of plant-based dish in seniors. Seniors who scored higher in the security dimension were 43% more likely to choose the plant-based dish; and those with a higher score in the universalism dimension were 40 % less likely to choose the plant-based dish. 


Table 11: Odds ratios and 95% CI for each dimension of Human-Values scale associated with the choice of plant-based dish in seniors
	Variables
	Questions
	Estimate
	OR for plant-based dish
	95% CI
	P value

	Security
	(5,14)
	0.35
	1.43
	(1.10; 1.85)
	0.007

	Universalism
	(3,8,19)
	-0.50
	0.60
	(0.40;0.88)
	0.01

	Power
	(2,17)
	-0.12
	0.88
	(0.67; 1.15)
	0.36

	Hedonism
	(10,21)
	0.02
	1.00
	(0.98; 1.02)
	0.99

	Achievement
	(4,13)
	0.02
	1.00
	(0.98; 1.02)
	0.98

	Stimulation
	(6,15)
	-0.22
	0.79
	(0.60; 1.04)
	0.09

	Self-direction
	(1,11)
	0.07
	1.07
	(0.78; 1.48)
	0.64

	Tradition
	(9,20)
	0.07
	1.07
	(0.79; 1.45)
	0.65

	Conformity
	(7,16)
	0.14
	1.15
	(0.87; 1.51)
	0.31

	Benevolence
	(12,18)
	-0.19
	0.82
	(0.56; 1.27)
	0.33



[bookmark: _Toc494361659]RESULTS FOR THE DETERMINANTS OF VEGETABLE ACCEPTABILITY THROUGH SENSORY CHARACTERISTICS

For this analysis, we selected just the respondents who chose the plant-based dish (n=132). Here we analyzed adolescents and elderly together due to the reduced number of people that chose the plant-based option in each group separately. 
For the first model, including gender, age group and Mediterranean Score no differences were found (Table 12). 


Table 12: Odds ratios and 95% CI for the model with gender, age group and Mediterranean score associated with the liking for plant-based dish 
	Variables
	Estimate
	OR for liking of  plant-based dish
	95% CI
	P value

	Gender
	0.14
	1.15
	(0.53; 2.48)
	0.71

	Age group
	-0.24
	0.78
	(0.39; 1.57)
	0.49

	Mediterranean Score
	0.09
	1.10
	(0.92; 1.30)
	0.27




On the other hand, food neophobia seems to play a role in the liking of the plant-based dish. Individuals with higher food neophobia were 7% less likely to report high liking for the plant-based dish (p= 0.02). For the other variables, no differences were found (Table 13). 


Table 13: Odds ratios and 95% CI for the model with food neophobia, country and hunger scale associated with the liking for plant-based dish 
	Variables
	Estimate
	OR for liking of  plant-based dish
	95% CI
	P value

	Food Neophobia
	-0.06
	0.93
	(0.87; 0.99)
	0.02

	Country 
	-0.01
	0.98
	(0.70; 1.37)
	0.91

	Hunger Scale
	0.002
	1.00
	(0.66; 1.51)
	0.98




Being or not vegetarian, attitudes towards nudging and self-efficacy seem not to interfere in the liking of a plant-based dish (Table 14). 


Table 14: Odds ratios and 95% CI for the model being or not vegetarian, attitudes towards nudging and self-efficacy associated with the liking for plant-based dish 
	Variables
	Estimate
	OR for liking of  plant-based dish
	95% CI
	P value

	Vegetarian
	0.07
	1.08
	(0.36; 2.18)
	0.88

	Attitudes towards nudging
	0.03
	1.03
	(0.98; 1.07)
	0.17

	Self-efficacy
	-0.04
	0.95
	(0.89; 1.02)
	0.20



[bookmark: _Toc365895199][bookmark: _Toc494361660]DISCUSSION

This Work package aimed to model the determinants of vegetables acceptability through choice architecture and sensory characteristics both in adolescents and in seniors. For the choice architecture analyses, it was found that depending on the age group, different factors might influence the choice of the plant-based dish. For adolescents, being female and reporting a higher score in the nudging scale (meaning that they are “open” to be nudged), increases the likelihood of choosing the plant-based dish. Furthermore, concerns about health and the natural origin of food and being less concerned about power and wealth also increase the odds of selecting the plant-based dish. For seniors, being less concerned about living in a security area is a personal characteristic that positively increases the odds of choosing the plant-based dish, together with the sensory properties of food. However, both adolescents and seniors with higher odds of selecting the plant-based options are those more concerned about other people and the environment. For the sensory characteristics, only food neophobia seemed to play a role in the liking of the plant-based dish (a higher food neophobia is inversely associated with the liking of the plant-based dish). 
In relation to results from FCQ for adolescents, it was found in a previous study that consumers with greater health concerns, including the origin of food ingredients, will show different food choice motives and better attitudes towards healthy eating (Sun, 2008), making them more prone to choose the plant-based dish. For seniors, sensory characteristics of the food are very important for selecting the plant-based dish (the dish must taste and smell good and have a pleasant texture).   Our results for Human Values Scale showed that people selecting the plant-based dish seems to have other concerns, such as equality, the nature and the importance to listen to people and that being powerful and rich are not considered important. In addition, they do not show conservation as a way to protect themselves against possible threats nor their personal goals as a means to regulate the pursuit of their own interests (Schwartz, 2012).
Among the variables included for mapping the determinants of vegetable acceptability through sensory characteristics, only food neophobia seems to be crucial for the liking of the plant-based dish. Again it was found that familiarity plays a key role for the acceptance and liking of the dish.  Our respondents tended to avoid or reported a lower liking for dishes that they are not used to. 
The findings of this work package can contribute to a better understanding of the complexity of food intake, as well as the findings from the previous work packages. Work Package 2, evaluated the sensory characteristics of the vegetables commonly available in the market (specially canned peas and sweet corn) that would influence their choice by different age groups, aiming to better understand consumer perception of the product sensory variations according to their characteristics (i.e. age, gender, nationality) leading to recommendations for product range rationalisation and design.  The results of this WP showed that both seniors and adolescents are able to sort vegetable samples in relation to sensory properties that are relevant for their hedonic judgment about the product. The actual liking of adolescents and seniors across the four European countries for canned peas and sweet corn was also evaluated. Results confirm that familiarity plays a key role in the liking of vegetables. The more familiar respondents are with a specific food, the more they will like and prefer it.
Work Package 3 has developed and tested the acceptability of recipes for the dish used in the WP4 intervention study. A total of 13 recipes were developed by Masters students at the Institut Paul Bocuse and a jury of experts elected five out of thirteen recipes. In addition, the jury required some improvements and/ or changes in the recipes. After the improvement based on jury remarks, the recipes were tested by consumers in order to select the three most appreciated recipes. The acceptability and liking were rated to compare the preference for the recipes in order to increase the vegetable intake among adolescents and older people.  The three selected recipes were sweet corn soup, pea pie and vegetable steak. The vegetable steak shaped as small balls served with tomato sauce was the dish selected for the intervention with seniors in WP4 and it was decided later that the same dish would also be used for adolescents, (it was well rated by them and it was more practical to prepare the same dish for both age groups). 
	The objective of Work Package 4 was to apply the dish of the day nudging strategy in field work to promote the VeggiEAT dish in Denmark, France, Italy and the United Kingdom. It was concluded that under the experimental conditions, no differences were found in the choice of the dish between control and intervention groups for both adolescents and seniors. This result could be partly attributed to the fact that the alternative dishes were very familiar to our sample in comparison to the VeggiEAT dish. WP2 proved that familiarity plays an important role for the selection and liking of the dish. Additional explanations can be highlighted, such as high food neophobia found among adolescents and seniors studied. Among seniors, an additional reason for inconclusive results could be the association of plant-based meals with poverty in seniors who grew up post Second World War. Among adolescents, a low intake of fruits and vegetables is often generally found by the male population because these foods are associated with ‘female’ characteristics (Fisher, 2015).
Implementation of nudges is difficult across countries due to cultural and practical differences, i.e., UK canteens are different from the lunchboxes in Denmark and so on. Each country has its own particularities, which makes it difficult to standardize experiments and expect the same results. In this study we tried to make all procedures as homogenous as possible, however some variations happened, such as the data collection that was held in school canteens, research restaurants and a university laboratory. Thus, although the VeggiEAt recipe was the same for all countries, the cooking team and the setting varied. The same can be highlighted in relation to the questionnaires, although they were the same in all countries, the answers can vary according to regional and cultural differences and to some differences due to interpretation, once they were self-administrated. 
[bookmark: _Toc365895200][bookmark: _Toc494361661]CONCLUSION

The implementation of the dish of the day in different countries was not successful in promoting a plant-based dish under the study conditions. The different factors that influence the choice of the plant-based dish found in this Work Package can be used as inspiration when designing future interventions. Notwithstanding, a further study was conducted to elucidate the nuances of the nudge reported within this project, further detail is reported in WP4 report.
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