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Abstract: Food production is responsible for approximately 17% of Germany’s greenhouse gas (GHG)
emissions. After retail, out-of-home catering is the second largest food sales channel in Germany. A variety of
means on both the supply and demand side are necessary to stimulate, facilitate and encourage a more
sustainable development and minimise GHG emissions in this sector. Nudges are one of these. This paper’s
focus lies on the demand side. Set in real-world laboratories, we use a standardised empirical approach to
compare different nudging interventions belonging to the area of physical environment and consumers’ choice
making process. We compare the effects of the same intervention across different settings and the effect of
different, sequential nudging interventions in the same setting. Data was collected in eight workplace and school
cafeterias in Germany over two project iterations (2016/2017; 2019/2020). A similar intervention design was
applied. Comparability was assured by a harmonised menu. The first project iteration revealed that only one
nudge (top menu position, +22.5%) led to significant increases in sustainable food choices, while results from
the second iteration showed that all nudge interventions (best counter position, +11.6%; top menu position,
+6,9%; label plus information, +15.9%) positively influenced consumer choice. Possible explanations such as
the stricter compliance to the experimental design in the cafeterias but also societal developments such as the
appearance of the Fridays for Future movement are discussed. As results vary between specific locations and
settings, our findings suggest that nudges need to be adjusted to situational conditions for achieving highest
efficacy.

Keywords: out-of-home; food choices; nudge; cafeteria; intervention; sustainable nutrition.

1. Introduction

Current worldwide food production, processing and distribution is estimated to be responsible for at least
21% of global anthropogenic greenhouse gas (GHG) emissions; with a range up to 42% of GHG emissions
(Crippa et al., 2021; Mbow et al., 2019; Poore and Nemecek, 2018). Their reduction is a necessary step for a
sustainable transformation of the global food systems; one of the biggest prerequisites to achieving the
Sustainable Development Goals by 2030, twelve of which are highly relevant for achieving nutrition security
(Black, 2013; Rockstrom and Sukhdev, 2016). In countries like Germany, where the national food supply was
responsible for 20% of GHG emissions in 2015 (Crippa et al., 2021), out-of-home catering plays an increasingly

important role in the daily nutrition of the population. Due to the sector’s steady growth rates over the last
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decades, awareness for environmental issues is also rising (Kasim and Ismail, 2012; Peinelt and Wetterau,
2015; Reisch et al., 2013; Riickert-John, 2005; Teitscheid, 2011; Wahlen et al., 2012). Awareness by itself does
not suffice to change structures, procedures and behaviors. Thus, to support decision-makers and effectively
reduce the negative impact of the out-of-home catering sector, we need to develop specific approaches and
change measures. To arrive at manageable measures to reduce negative sustainability impact of the out-of home
catering sector, one can break the comprehensive issue down to the level of the kitchens’ product: the meal. At
the level of the dishes prepared and consumed four different dimensions of sustainability (economy, society,
environment and health) need to be addressed (Burlingame and Dernini, 2012). In this regard, relevant impact
factors on the supply side at the level of the ingredients are the efficiency of supply chains (Gobel et al., 2015;
Wang et al., 2013), product quality (e.g. conventional, organic or local food) (Risku-Norja et al., 2009) and
recipe composition (Speck et al., 2020). On the demand side, recent research revealed that choice architecture
(e.g. the shape of a plate) (Richardson et al., 2020) and associated consumers perception as well as consumer
habits (e.g. consumption of animal-source foods or creation of leftovers) (Ivanova et al., 2020; Lorenz et al.,
2017; Lorenz-Walther and Langen, 2020; Ohlhausen and Langen, 2021) determine sustainability. Like in every
market, the final interplay between supply and demand side determines overall sustainability performance of
the sector.

On the supply side, ingredients and processing can be improved via rational optimisation considerations by
staff that is specifically trained in regard to sustainability assessment tools. Engelmann et al. (2018) and Speck
et al. (2020) developed such a tool, which provides sustainability indicators of ingredients and preparation
methods for each sustainability dimension that can guide staffs’ improvement activities. The tool’s output can
also be used to guide consumer behaviour via various nudging approaches. Demand side changes need to
acknowledge that food choices are not always a result of extensive decision making but influenced by several
determinants (see Lorenz and Langen, 2017 for a review). Furthermore, food is generally regarded as a low
involvement good with limited cognitive effort given to decision making (Bell and Marshall, 2003; Russo et
al., 1986). However, the more consumers attach certain values to sustainability and ethical food product
characteristics, the more food choices become relevant, increasing at least short-term involvement. This is a
chance to increase sustainable food consumption. Research on the demand side focusses primarily on either
behaviour- or information-based strategies to guide and support consumer decision making towards more
sustainable food choices (Lorenz-Walther and Langen, 2020; Ohlhausen et al., 2018; Saulais, 2015).
Implementing nudges targeting either system 1 (fast and automatically effortless thinking and behaviour, using

heuristics; called system 1 nudges) or system 2 (reflective, slow and effortful thinking and information
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processing; called system 2 nudges) can be used to alter food choices towards more sustainable options without
significantly changing economic incentives or forbidding any options (Filimonau et al., 2017; Melissen, 2013;
Myung et al., 2012; Visschers et al., 2020).

Based on the findings of Lorenz and Langen (2017) concerning the various options to alter consumer food
choices towards more sustainability, this study examines the efficacy of different type 1 and type 2 nudges
focussing on the step of food choice and at the level of the physical environment. Even though the effectiveness
of nudges is context-specific — as decision making is context-dependent according to Thaler and Sunstein — a
systematic comparison of the same interventions in different settings has yet to been done. The out-of home
catering is the second biggest food distribution channel (BVE, 2020, 2019) and is comprised of community
food services, including school catering, restaurants, company catering and takeaway (for an overview see
Gobel et al. (2017)) with varying structures and target groups. Recommendations for the entire out-of home
catering sector cannot be referred by single case studies with limited reliability (see also Lin et al. 2017). To
increase external reliability of experiments examining nudges, there is a need for standardising methods
examining nudges and to investigate and detect patterns of evidence across different settings (Lin et al. 2017).
Thus, to enable informed decision making within the sector, a comparison of the same nudging intervention
across settings controlling e.g. for the length of the interventions applied is needed.

On these grounds, we compare the effects of (1) the same nudge intervention across different settings and (2)
the effect of different, sequential nudging interventions in the same setting in harmonised real world labs and
contribute to literature in this way. Goal is to support the transformation of the food system by giving insights
into the most promising nudges for the out-of-home catering and thereby increase sustainable food choices in
this sector. Based on a harmonised menu offered over equal time spans, we tested both nudging approaches in
eight cafeterias in real world lab settings: two hospital staff, three company, and three school or university
cafeterias. These locations served as out-of-home real-world laboratories, where scientists and the public
cooperate in a pre-determined and specifically prepared space to produce new insights and knowledge in order
to support a more sustainable development of society (GroB et al., 2005). Three or more consecutive
interventions were conducted in each cafeteria within the NAHGAST! project phase I and phase II (see Table

4), tracking resulting changes in meal sales.

1 NAHGAST is a project that focuses on the development, provision and dissemination of concepts for
sustainable production and consumption in the out-of-home catering sector. Its overall goal is to stimulate,
facilitate and encourage a sustainability transformation, taking both sustainable food production as well as
consumer food choices into account. It was funded as NAHGAST I from 2015-2018 and as NAHGAST II from
2019-2021. For further information, see www.nahgast.de



2. Background — Where to intervene out-of-home given the diverse factors influencing decision making
Applying Bronfenbrenner's (1992) ecological systems theory idea that individual behaviour is influenced by
different behavioural systems, Lorenz and Langen (2017) provide a structured review of the existing research
body on the determinants of individual food choices and out-of-home food consumption. There are four
behavioural systems relevant for out-of-home catering: Microsystems composed of direct personal
relationships and mutual influences between the individual and familiar others including personal knowledge,
food literacy, nutritional involvement and attitudes. Mesosystems describing interactions of different settings
or groupings of microsystems such as the social environment including family, friends and colleagues, social
norms influencing personal behaviour (e.g. whether other guests care to finish their plate constitutes a social
norm). Exosystems comprised of environmental influences over which a person does have no or very little
control such as the physical surroundings as well as access and availability of particular dishes. And lastly,
macrosystems composed of patterns impacting micro-, meso- and exosystems (Story et al., 2008).
Macrosystems include food and health policies such as national school lunch programs and dietary
recommendations. These indirectly affect what people choose to eat.

Combining this categorisation with Sobal & Bisogni's (2009) food choice process models steps of choosing a
dish, serving, eating, cleaning up and paying for it at any time within or at the end of these steps, we derive a
combined modelling framework (Appendix Figure Al). The framework illustrates possible entry points (e.g.
serving counter, table) to alter and to assess consumer behaviour. This allows us to identify possible turning
points of consumer choice behaviour. At this point, an implementation of system 1 and 2 nudges appears most
promising. At every step within the process from choosing to cleaning up, choice architects can create physical
environments to facilitate sustainable food choices. Further, the social environment as well as individual
characteristics can influence food choice and eating behaviour as well as leftovers during the process. As a
result, a variety of different interventions can be designed for each combination of steps in the food choice
process and behavioural systems. For example, information can be provided at the tables where guests are
eating in order to raise awareness for particular sustainability issues, e.g. biodiversity aspects of served foods.
As dish selection is the first relevant step toward creating sustainable out-of-home food consumption, our
interventions focus on this particular step (dish positioning at the counter, on the menu and adding labels to the

dishes at the counter)2. If the sustainable option has been chosen, other steps can be carefully examined further.

2 During the NAHGAST project, interventions for the steps ‘serve’ and 'eat' were also carried out. With the use of

different posters (prompts, social norms, prompts & social norms, setting-specific) cafeteria guests were nudged to reduce
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In conclusion, interventions might affect individual, social and physical environments and hence influence
behaviour at several steps of the decision-making process. Having a closer look at the different types of
interventions, dual processing theory can be used to distinguish two types of interventions. Dual processing
theory distinguishes two approaches to general decision making; one supposes little involvement, while the
other requires more involvement such as processing information provided by campaigns or labels (Jung and
Mellers, 2016; Thaler and Sunstein, 2008). This assumption is supported by a differentiation into two types of
thinking, the fast, automatic and emotional system 1 thinking and the slow, logical and conscious system 2
thinking (Kahneman, 2011). Some nudges, first defined by (Thaler and Sunstein, 2008), are small changes in
choice architecture, affecting individuals subconsciously through changes in the physical environment without
impacting freedom of choice and work when system 1 thinking is prevalent. The ease of application depends
on the situation and limited cognitive resources of consumers. Default options, such as reduced portion sizes,
and status-quo options, such as the placement of the most sustainable dish at the most visible or mostly
frequented counter, are more likely to not affect conscious thinking, require less involvement and belong to
system 1 nudges (Jung and Mellers, 2016; Sunstein, 2016a). Humans selective nature of attention leads to the
observation that changing serve or menu position (in our study used to increase respective sales of the most
sustainable dish) can be considered a system 1 nudge because the ordering of dishes on a menu influences what
guests choose (Dayan and Bar-Hillel, 2011).

Other nudges, system 2 nudges, are intended to strengthen system 2 thinking and require more cognitive
involvement and hence conscious decision making. Informational labels on nutrition or sustainability make
these product and process characteristics salient. They provide feedback on the sustainability-related impacts
of eating choices. As such, they potentially augment decision makers’ knowledge and address turning points,
which influence individual behaviour primarily via conscious cognitive processes.

Both nudging categories ensure freedom of choice (Sunstein, 2016b) while being transparent and easy and also
cheap to avoid at any time (Thaler, 2015; Thaler and Sunstein, 2008). Studies show that nudges can be applied
effectively in both the retail and the out-of-home catering sector (Arno and Thomas, 2016; Bauer et al., 2021;
Broers et al., 2017; Harbers et al., 2020; Lehner et al., 2016; Skov et al., 2013; Vandenbroele et al., 2020;
Velema et al., 2018; Wilson et al., 2016). To date, comparable standardised interventions with harmonised
dishes in different cafeteria settings are rare. They are, however, needed in order to expand results from case

studies, provide insights into the limitations and opportunities of different nudging techniques and to provide

their plate waste. Since the focus and the study design was different just as the practitioners, these interventions are not

included in this paper.
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recommendations to practitioners either not motivated or capable of testing different options on their own. By
standardising dishes offered in the settings during the baseline measurements and intervention weeks, we attain
a data pool as harmonised as possible to (1) investigate whether there are consistent patterns of evidence across
different settings and to (2) compare different nudge performances in the very same setting to identify the most
promising ones.

The interventions described in this paper are the system 1 nudges improved visibility and accessibility of the
most sustainable meals (i) at the counter and (ii) on the menu (both found to be effective, Campbell-Arvai et
al., 2014; Just & Wansink, 2009; Levy et al., 2012; Rozin et al., 2011). The system 2 nudges used were (iii)
improved dish formulas including changing names of offered dishes (also discussed as suitable, Morizet et al.,
2012), and labelling (Filimonau et al., 2017; Levy et al., 2012; Miller and Cassady, 2015). With respect to
labeling, we tested two approaches: (iv) labelling the most sustainable dish without giving an explanation of
the label and (v) labelling plus explanation. Interventions are evaluated using sales data representing revealed

behaviors.

3. Hypotheses

Our work contributes to the existing literature by providing a systematic comparison of the effectiveness of
nudges that until now have only been tested in separate case studies. We therefore build upon the previous
literature and test previously established effects in different practical field settings under harmonised
conditions. Previous literature demonstrates that changing serving or counter position of a dish can lead to
significant impacts on sales (Bucher et al., 2016; Hanks et al., 2012; Just and Wansink, 2009; Levy et al., 2012;
Rozin et al., 2011). These nudges both address the physical environment in which guests make their food
choice. Our real-world lab practice partners’ aim was to test promising approaches. Hence, we tested the extent
to which moving the dish with the highest sustainability rating to the best counter position influences customer
choice (see Appendix Figure A2). We determined the best counter position based on sales data from the baseline
measurements as well as sales experience of participating cafeterias. With the same menu position throughout
baseline and interventions, we hypothesised based on the previously established effects: (i) “The sales of the
most sustainable dishes of the day can be increased significantly by moving them to the best counter position”.
Besides counter position, also menu position of the respective dishes can be changed (Campbell-Arvai et al.,
2014; Filimonau et al., 2017; Lehner et al., 2016), impacting sales especially at the top or end of the menu
(Dayan and Bar-Hillel, 2011). With the aim of positioning dishes with the highest sustainability rating of the

day at the top of the menu (see Appendix Figure A3), yet keeping counter positions equal, we hypothesised
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based on the previously established effects: (ii) “The sales of the most sustainable dishes of the day can be
increased significantly by moving them to the best menu position”.

Descriptive (food) names were shown to be effective out-of-home (Morizet et al., 2012; Ohlhausen and Langen,
2020). Keeping counter and menu positions equal throughout baseline and interventions, we hypothesised
based on the previously established effects: (iii) “The sales of the most sustainable dishes of the day can be
increased significantly by using improved formulas indicated by descriptive names”. Recipes of the most
sustainable dishes have been improved by applying the NAHGAST calculator and the dish-specific outstanding
sustainability aspects of improvement were highlighted with descriptive names. In the following intervention
periods, these improved recipes remained unchanged. One can argue that the name of the dish could be
considered a non-informational nudge that is not comparable to an explicit label such as a traffic light or a fair
trade label. On the other side, as the name of the dish is consciously used to influence a choice, it can be
considered a system 2 nudge. With regard to system 2 nudges, studies have investigated the effects of nutrition
information and food labels on consumer choice (Grunert and Wills, 2007; JanBBen and Langen, 2017; Miller
and Cassady, 2015), displaying information not only numerically but also via distinctive colouring or labels
(Filimonau et al., 2017; Levy et al., 2012). We tested whether consumer choices can be influenced purely by
the presence of a label being presented at an A4 sized advertising stand at the food counter (see Appendix
Figure A4, AS). Keeping counter and menu positions equal throughout baseline and interventions, we
hypothesised based on the previously established effects: (iv) “The sales of the most sustainable dishes of the
day can be increased significantly by the display of sustainability labels without any explanation”. The approach
to display a label without any information was inspired by the current situation in supermarkets. There, diverse
labels are displayed but seldomly explained. In addition, in the following intervention, we tested whether
providing information shortly explaining the label at the point of choice might influence sales. Based on the
previously established effects hypothesis (v) is “The sales of the most sustainable dishes of the day can be
increased significantly by the display of sustainability labels in combination with an explanation”.

When implementing nudges, studies supposed that not only specific nudge interventions themselves, but also
the choice environment (Dhar and Novemsky, 2008; Winkler et al., 2018) and therefore particular choice
settings, situations and meals offered play an important role for decision making. As food choices as well as
meal preparations between settings could have deviated due to different guest characteristics such as age,
gender and education level we did not control for, we hypothesised based on the previously established effects:
(vi) “The results of our nudge interventions are not consistent between intervention partners”, as well as (vii):

“The results of our nudge interventions are not consistent between the most sustainable dishes on offer”.



4. Methods

4.1 Intervention design

To standardise the method for examining different nudging interventions, a specific data collection scheme
(Table 1) has been developed. Firstly, all partners agreed on a harmonised menu developed in collaboration
with kitchen chefs to be offered during all measurement weeks. Secondly, sales of the respective dishes of this
harmonised menu week were recorded in baseline measurement weeks and used as reference data. Thirdly,
after baseline measurements several intervention weeks followed each other starting with type 1 nudges and
closing with the type 2 nudge providing the most comprehensive level of information tested in the project. Each
nudge was applied for a whole week and accompanied the dish with the highest daily sustainability rating. The
harmonised menu was offered every four to six weeks. As a result, the same dishes of the so called ‘intervention
week’ were offered repeatedly across all cafeterias, yet always with a different nudge resulting in a series of

consecutive nudges that could be compared to our baseline week.

Table 1. Data collection scheme applied synchronised in participating cafeterias.

Week 1 Week 2 Intervention week 1 Intervention week 2 Intervention week 3
Baseline Baseline . . .
Intervention 1 Intervention 2 Intervention 3
Measurement 1 Measurement 2

Regarding the harmonised menu, final preparations did somewhat vary between cafeterias, while main
ingredients for each meal were agreed upon in advance, making dishes comparable across locations and
between baseline measurements and intervention weeks. However, there were some differences between
project iterations NAHGAST I and II due to the change of participating cafeterias. The menu was comprised
of 15 dishes typical for the German out-of-home catering sector, with three meals being offered daily, at least
one of which being a vegetarian or entirely plant-based option. These meals are referred to as NAHGAST
dishes throughout this paper as their sustainability performance was calculated and they were used to assess

the effectiveness of the different nudges. Meal prices did not deviate between baseline and intervention weeks.

Table 2. Overview of the harmonised menu of NAHGAST 11, so called NAHGAST dishes and sustainability ratings based
on the results of the dish sustainability calculation tool (1 = low to 6 = high).

Dish 1 Dish 2 Dish 3

- = £ | - = £ | - = £
ki < 4 g s 4 g - 4
2€ | £ | £ | 3€| F | 2 | B §E | £
S S S = S S S = S 3 S =
==INZ3 Q = ==INZ3 Q = ==INZ3 Q =

Bratwurst and mashed Entirely plant-based

Monday Beef goulash and spactzle potatoes Chickpea curry with rice




Environment (33%) 2 2 2 4 4 3 5 4
Health (50%) 4 4 3 4 4 3 5 6 6
Fairness (17%) 4 1 4 4 1 1 5 4 4
Dish Rating | 3.33 2.83 2.83 4.00 3.50 2.67 5.00 5.00 5.00
. Meatball with kohlrabi and Rice bowl with
Tuesday Lentil stew and sausages
potatoes vegetables
Environment (33%) 5 4 4 4 3 3 5 4 4
Health (50%) 4 5 4 4 4 4 4 6 5
Fairness (17%) 1 1 1 4 1 1 4 4 4
Dish Rating | 3.83 4.00 3.50 4.00 3.17 3.17 4.33 5.00 4.50
Schnitzel with fried . Potato bowl with
Wednesday potatoes / fries Spinach salmon lasagna vegetables
Environment (33%) 3 2 2 5 4 4 5 4 4
Health (50%) 3 4 4 5 4 4 5 4 5
Fairness (17%) 6 1 1 1 1 4 4 1 4
Dish Rating | 3.50 2.83 2.83 4.33 3.50 4.00 4.83 3.50 4.50
Chicken steak with Vegetarian spaghetti Falafel with bulgur /
Thursday
potatoes Bolognese couscous and vegetables
Environment (33%) 4 4 4 6 4 5 5 4 4
Health (50%) 5 5 4 5 6 4 5 4 3
Fairness (17%) 1 1 2 4 1 6 1 4 4
Dish Rating | 4.00 4.00 3.67 517 4.50 4.67 433 4.00 3.50
Friday Pollock with potatoes Ch}cken fricassee with Rice pudding with fruit
rice and vegetables compote
Environment (33%) 4 4 4 4 4 4 5 4 4
Health (50%) 4 4 3 5 4 4 4 3 4
Fairness (17%) 4 1 4 1 1 1 | | |

Dish Rating | 4.00 3.50 3.50 4.00 3.50 3.50 3.83 3.00 3.50

Note: The most sustainable dishes of the day are displayed in bold. Dimension scores were weighted according to
the number of overall contained indicators: environmental impact - 4 out of 12 indicators (33%); health - 6 out of 12
(50%); fairness for humans and animals - 2 out of 12 (17%).

We then used the NAHGAST sustainability calculation tool (Engelmann et al., 2018; Monetti et al., 2021;
NAHGAST, 2020; Speck et al., 2020) to evaluate the sustainability of all dishes with respect to environmental,
health and fairness indicators for humans and animals. Included environmental indicators are material
consumption, GHG emissions, freshwater and land requirements. Selected nutritional and hence health
indicators are energy content as well as dietary fibre, fat, carbohydrates, of which total sugar, and salt contents
of entire dishes. Also animal welfare (e.g., sustainable fishing) and fair trade product standards for tropical
imports were included regarding the social dimensions of food sustainability (Engelmann et al., 2018). Each
dimension for each dish was rated by the dish sustainability calculation tool on a scale from 1 (low) to 6 (high),
taking into consideration the location-specific modifications such as the use of organic ingredients. To be able
to aggregate dimension-specific scores to one overall score for each dish, each dimension score was weighted

according to the number of indicators it contains: Out of twelve indicators, four describe environmental impacts
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(33%), health is described by six indicators (50%), and the remaining two indicators (17%) score fairness for
humans and animals. To ensure that dishes with highest daily sustainability ratings were the same across
locations, the most sustainable dishes of the day had to have the highest ratings across all cafeterias, irrespective
of possible local ties of specific dish ratings. Table 2 gives an overview of the harmonised menu adopted for

NAHGAST II and associated dish-specific sustainability ratings calculated by the NAHGAST calculator.

NAHGAST I interventions took place in five workplace and school cafeterias in the three regions Berlin, North
Rhine-Westphalia and Hessen, Germany between autumn 2016 and autumn 2017. The settings included two
company restaurants, one of which also open for the public, a hospital staff cafeteria, one university and one
school cafeteria. Data for NAHGAST II was collected at three locations in the region North Rhine-Westphalia,
Germany from autumn 2019 to spring 2020, one company, one hospital staff, and one university cafeteria (see
Table 3). In contrast to NAHGAST I, only locations that offer exactly three main dishes a day were included
in NAHGAST II. As NAHGAST I has revealed, such a limited menu was better suited to get comparable data
between intervention weeks and cafeterias as a large number of additional alternative dishes could have

confounded intervention results there (Ohlhausen et al., 2018).

Table 3. Overview of the characteristics of the cafeterias participating in NAHGAST I and II.

NAHGAST 1 NAHGAST 11
Setting Care Business | Education Care Business Education
Number of
cafeterias 1 2 2 1 1 1
participating
o Three e Several e Several o Three o Three e Three
main main main main main main
dishes dishes dishes dishes dishes dishes
® Soups ® Soups ® Soups e Pasta e Starters & | e Soups
Menu offered e Salad e Salad e Salad buffet Soups e Salad
buffet buffet buffet e Salad e Salad buffet
e Desserts buffet buffet e Desserts
e Desserts e Desserts
& fruits
g;syhes sold / ~270 ~1,900 | ~3,470 ~ 180 ~ 140 ~ 505

Table 4 provides an overview of all nudges tested in NAHGAST I and II.



Table 4: Categories and list of interventions to nudge the most sustainable dishes of the day.

11

Category

NAHGAST I
(five cafeterias)

NAHGAST II
(three cafeterias)

Baseline measurement

Baseline measurement

Baseline measurement 1

Baseline measurement

Baseline measurement 2

System 1 nudge

Counter position

Counter position

System 1 nudge

Menu position

Menu position

System 2 nudge Improved recipes &
descriptive food names )
System 2 nudee Label only Label plus Information
y g (most sustainable dish) (most sustainable dish)
Label only
System 2 nudge (all NAHGAST dishes) -
System 2 nudee Label & Information i
y g (all NAHGAST dishes)

The nudging interventions included changes in the choice architecture (system 1 nudges), e.g. improved
visibility and accessibility of the most sustainable meals at the counter and on the menu (Campbell-Arvai et al.,
2014; Just and Wansink, 2009; Levy et al., 2012; Rozin et al., 2011).

At least one intervention tested labelling formats (system 2 nudges), partially in combination with
explanatory information in all settings. For this intervention type, we presented the results of the NAHGAST
sustainability calculation tool on a pretested label (Langen et al., 2017), which combined all evaluated
sustainability dimensions — environment, health and fairness — on a colour scale from red to green (see
Appendix Figure A4, AS). During the information intervention weeks, this label was displayed in an A4 sized
advertising stand at the food counter without any explanation (‘label only’ in Table 4) and with additional
information (label plus information nudge). The ‘label only’ nudge was tested in two subsequent interventions
in NAHGAST I. Firstly, the label was only displayed for the most sustainable of the three NAHGAST dishes
offered (called Label only (most sustainable dish) in Table 4). In the following intervention, the label was
presented on all three NAHGAST dishes and allowed a comparison across dishes (called Label only (all
NAHGAST dishes) in Table 4). In the subsequent third intervention, the label was displayed on all three
NAHGAST dishes and accompanied by an explanation.

Right after the system 1 nudge ‘menu position” was tested, recipes for the most sustainable dishes of the day
were improved using the NAHGAST sustainability calculation tool. Dish names changed accordingly and the
intervention was called descriptive food names. For example, for NAHGAST I meals with the highest
sustainability ratings, the amount of meat components was reduced, e.g. the amount of Niirnberger sausages
from six to five, and for lentil stew 100g of sausage was lowered to 75g. Another measure was substituting

frozen vegetables with directly processed fresh, seasonal and regional vegetables and the use of fair-trade
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products such as fair-trade labelled coconut milk, rice or spices. These changes led to higher level of assessed
sustainability. The descriptive names indicated relevant elements of sustainability improvements, e.g. for the
potato bowl ‘Westphalia meets Orient: spicy Miinsterland tuber with chickpeas and arugula’ (Westphalia and
Miinsterland are regions in Germany and signal regionality and short transportation distances; the
environmental dimension of sustainability).

Daily meal sales data from each location was recorded to track changes in dish choices across interventions;
socio-demographic data of cafeteria guests was not collected to minimise attentiveness in the real-world labs

to a maximum.

4.2 Data evaluation

Sales data were evaluated using logistic regression analyses and predictive margins post estimation within Stata
software (StataCorp LP, 2013). The use of nested logistic regressions (nlogit) was omitted, due to independence
of alternatives (day of the week and cafeterias in different cities). The binary dependent variable ‘choice’
represents the choice of the most sustainable dish of each day (0 = competitor dish, 1 = most sustainable dish
of the day). For this purpose, sales were weighted by their frequency, as example, the chickpea curry was sold
47 times during a baseline Monday at the hospital staff cafeteria, making the dependent variable (baseline,
Monday, hospital staff cafeteria, most sustainable dish) being weighted with n=47. The independent factor
variables used, where each level of a variable is included by Stata as separate covariate/dummy (StataCorp LP,
2013), are for NAHGAST I: day (day of the week corresponds to the variant of the most sustainable dishes
used 1 = Monday (chickpea curry), 2 = Tuesday (vegetable bowl), 3 = Wednesday (potato-/ pasta dish), 4 =
Thursday (vegetable stew with meat component), 5 = Friday (vegetarian Schnitzel / sausages)), intervention
(variant of week of study: 0 = baseline measurement, 1 = counter position, 2 = menu position, 3 = descriptive
names, 4 = label on most sustainable dish, 5 = label on all NAHGAST dishes, 6 = label on all NAHGAST
dishes and information) and cafeteria (distinction between participating cafeterias: 1 = company 1, 2 = company
2, 3 = hospital, 4 = school, 5 = university) and for NAHGAST II: day (day of the week corresponds to the
variant of the most sustainable dishes used 1 = Monday (chickpea curry), 2 = Tuesday (rice bowl), 3 =
Wednesday (potato bowl), 4 = Thursday (vegetarian spaghetti Bolognese), 5 = Friday (chicken fricassee)),
intervention (variant of week of study: 0 = baseline measurement, 1 = counter position, 2 = menu position, 3 =
label on most sustainable dish and information) and cafeteria (distinction between participating cafeterias: 1 =
hospital, 2 = company, 3 = university). The assumption check for multicollinearity revealed no conspicuities

(mean variance inflation factor NAHGAST I: 1.48, NAHGAST II: 1.49 (O’brien, 2007)). To compare all three
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intervention results with both baseline measurement weeks of NAHGAST 11, we calculated an average of the

baseline measurements (due to a difference of only 3% of dishes sold between both baselines).

5. Results

5.1 Results for NAHGAST 1

Out of 143,667 dishes being sold during the study period 78,151 were dishes from the NAHGAST menu, of
which 20,049 had the highest daily sustainability rating; 74,415 dishes were included in our regression models.
While the most sustainable dishes made up a third of the overall number of NAHGAST dishes, sale shares
averaged only at 25%, ranging from 12 to 37% depending on location (Appendix Table Al.) The efficacy of
specific interventions varied with the counter position nudge being most successful in increasing sales of most
sustainable dishes, confirming hypothesis one. Placing these dishes in positions that corresponded to highest
sales during baseline measurements led an overall sales share of 31.6% (logistic regression: § = 0.313%*%*,
predictive margin: margin = 0.316***), a relative increase by 22.5% compared to the baseline. The second
nudge, changed menu positions of most sustainable NAHGAST dishes, did not result in significant differences
in sale shares (B = 0.052, margin = 0.267***). Accordingly, hypothesis two is rejected. Analysing the third
intervention of using descriptive names revealed that this nudge decreased overall sales of the most sustainable
dishes (B = -0.105***  margin = 0.240***). Thus, hypothesis three is rejected. Regarding label interventions,
labels used without explanatory information and only on the most sustainable dishes did not lead to significant
differences in sale shares ( = -0.011, margin = 0.256***), while displaying labels for all NAHGAST dishes
resulted in decreased sales of the most sustainable dishes (B = -0.116*** margin = 0.238%**), rejecting
hypothesis four. Providing more explanatory information regarding the label for all labelled NAHGAST dishes
did also not lead to significant differences to the baseline (B = 0.013, margin = 0.260***). Therefore, also
hypothesis five is rejected. For further logistic regression results for each location see Appendix Table A2.
With regard to daily sales, we found strong differences in popularity between most sustainable and competitor
dishes, as well as between the different real-world labs (Appendix Table A3), which confirms hypothesis six.
While overall in the baseline the potato and pasta dishes on Wednesdays (margin = 0.392***) and the
vegetarian schnitzel and sausages on Fridays (margin = 0.365***) were specifically favoured, sales of the other
three most sustainable dishes of the day remained below 33% (chickpea curry: margin = 0.198*** vegetable
bowl: margin = 0.185***, vegetable stew: margin 0.172***). While for the counter position, menu position

and label & information nudges sales increased compared to the baseline for each of the five intervention days
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and therefore for each of the most sustainable dishes on offer, sales were consistently lower on all intervention
days for descriptive names, and both label nudges, therefore rejecting hypothesis seven. Thus, competitor dishes

also have to be taken into consideration when implementing nudging approaches.

5.2 Results for NAHGAST 11

Of 15,741 dishes being sold overall, 3,381 were assessed as most sustainable dishes of the day; 15,235 dishes
were included in our regression models. Overall, all three nudges had a positive effect on most sustainable dish
sales (see Appendix Table A4). Compared to our baseline measurement weeks with a 19.4% share of the most
sustainable dishes, counter position nudges increased their sales but overall, not significantly (B =0.091, margin
= (0.209***), Having a closer look at Appendix Table A5 and the comparison of single canteens, results reveal
that a particularity of the hospital staff cafeteria, a considerable shorter counter situation compared to all other
canteens, is reflected in the data and was confirmed as relevant fact in discussions with the practitioners. Due
to only a single short food counter for food distribution, the counter position nudge decreased sales in this
cafeteria ( = -0.093, margin = 0.199***). Spatial condition can hence influence impact of nudges and herby
confirms hypothesis six regarding setting-specific differences.

Overall, menu position nudges (f = 0.120*, margin = 0.214***) increased sales of most sustainable dishes
significantly, mainly because of the hospital staff cafeteria (B = 0.267*, margin = 0.262***), confirming
hypothesis two for NAHGAST II. However, hypothesis two would be rejected if the hospital staff cafeteria
would be excluded due to different infrastructural conditions (see Figure 1). The label nudge with explanatory
information (B = 0.173**, margin = 0.223***) also increased dish sales significantly, conforming hypothesis
five for NAHGAST II.

Among most sustainable dishes, the chickpea curry (base, margin = 0.239***) and the vegetarian spaghetti
Bolognese (B = -0.075, margin = 0.225%**) were most favoured by guests. The potato bowl (B = -0.139%,
margin = 0.214***)_the rice bowl (f =-0.262*** margin = 0.194***) and the chicken fricassee (f =-0.688***,
margin = 0.136***), however, were less popular. Comparing participating cafeterias, the most sustainable
dishes were most popular at the hospital staff cafeteria (base, margin = 0.232***) followed by the university
cafeteria (B = -0.175%**, margin = 0.203***) and the company cafeteria ( = -0.180**, margin = 0.202***),
Similar to NAHGST I, all five most sustainable dishes were less favoured than their daily competitors; daily
shares between 12.6% (chicken fricassee) and 22.3% (chickpea curry) (see Appendix Table A6). For each of

the three tested nudges - counter position, menu position and label & information - each most sustainable dish
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of the day increased in sales compared to baseline measurements. This confirms the results of NAHGAST 1

regarding the rejection of hypothesis 7.

5.3 Comparing insights of the two project iterations

Figure 1 presents a comparison of the results from NAHGAST I and NAHGAST II. Due to the differing
infrastructural conditions in the hospital staff cafeteria of NAHGAST II mentioned above, this data was
excluded from the comparison (see Appendix Table A7). The type 1 nudge ‘counter position’ increased sales
of the most sustainable dishes in both project iterations significantly, confirming hypothesis one. The type 1
nudge ‘menu position’ also increased sales but not significantly, therefore hypothesis two is rejected. Overall,
there is a potential of system 1 nudges to stimulate sustainable out-of-home consumer choices. The successful
application of type 2 nudges seems to be harder to achieve. As figure 1 displays, in NAHGAST I, the target
dish sales decreased significantly when ‘descriptive names’ changed, decreased (in)significantly with the type
2 nudge ‘labels without information’ applied on one/all NAHGAST dishes and had no significant effect when
additional information was given. In NAHGAST II, however, ‘label plus information’ nudges increased sales,
making them another possibly effective intervention for practitioners. It has to be noted that the ‘label plus
information’ nudge in NAHGAST II achieved the strongest positive deviation from our baseline measurement.

Figure 1. Comparison of intervention results of NAHGAST I & I1.
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6. Discussion

6.1 Data limitations

We tested our hypotheses in real-world settings of German workplace and school cafeterias to observe pure
human behaviour as accurately as possible. Strong collaboration with the practice partners and harmonisation
of interventions and meals between them was necessary to obtain usable data for analysis. However, despite
specific communication such as the provision of visual information indicating the required dish positioning or
required labels, wrong positioning occurred (e.g. in iteration II, due to a lack of practical feasibility and the
distance to power outlets for dish warmers). Further, although all locations agreed on the harmonised menu,
sustainability ratings differed due to cafeteria-specific recipes (e.g. in iteration I, the stew recipes differed
regarding the inclusion of specific meat components (sausage, smoked meat, ground pork). Another
confounding factor was the amount and kind of dishes offered besides the three harmonised main dishes (see
Table 3). These competitor dishes varied from one intervention week to the other. For example, while the three
NAHGAST dishes were served in the same combination in certain regularity, e.g. in spring, asparagus was
offered as competitor dish of the week and roast goose in autumn. Unfortunately, it was impossible for the
partners in NAHGAST I to also control for the competitor dishes. Learning from these limitations we improved
the study design and controlled for dishes offered. Other factors causing missing data or incomparable data in
the first project phase were for example public holidays, a service restricted to four of five weekdays at the
school cafeteria, or the delayed data collection at company cafeteria 2 leading to different seasonal conditions.
For the second project iteration, missing data could considerably be reduced. However, data is partially missing
for the first and fifth day of the first baseline measurement week at the hospital staff cafeteria and at the
company cafeteria on Fridays due to issues with dish positioning.

Regarding plausible time- and consumption trends possibly influencing consumer preferences, awareness and
involvement in a sustainable diet, “Fridays for Future” strikes might be of particular relevance. Right after the
first project iteration in January 2019 and thus before the second, the “Fridays for Future” strikes began taking
place in Germany (FridaysForFuture, 2019). The movement itself began in August 2018 (FridaysForFuture,
2019). Increased media coverage of climate change might have increased overall awareness for sustainability
issues in general in the second iteration compared to the first. This potentially affects the behaviour disclosed

in the second project iteration and might explain the differences in the effects of system 2-nudges in particular.
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6.2 Effectiveness of the different nudging interventions

Using a real-world lab standardised empirical approach (similar intervention design across locations, including
a harmonised menu) we described nudging interventions belonging to the area of physical environment and the
choice making phase conducted at eight representative locations over two project iterations, 2016/2017 and
2019/2020. During the first data collection phase, only the counter position nudge led to significant increases
in sales of most sustainable NAHGAST dishes. Throughout the second project phase, on average all nudging
interventions increased most sustainable dish sales. There, the label nudge combined with an explanation had
the biggest positive impact.

Answering our hypotheses and excluding the hospital staff cafeteria in the second iteration due to infrastructural
obstacles, (i) counter position nudges significantly increased most sustainable dish sales (first hypothesis
confirmed). The effectiveness of menu position nudges, hypothesis (ii), could not be confirmed. Hypothesis
(iii), descriptive names as nudge increase sales of sustainable dishes is rejected. Displaying a label informing
about sustainability performance of a dish without giving additional background information regarding the label
(hypothesis iv) does not increase sustainable dish sales. Hypothesis (v), label plus information nudges are
effective, is only confirmed for the second project period. Considering the significant effects of different
situational and setting specific conditions between practitioners, we can confirm the sixth hypothesis. This
became most obvious in the hospital canteen where the counter was simply not long enough to successfully
implement the counter nudge. Therefore, to ensure successful implementation of nudges, they should be
adjusted to their respective environment. Hypothesis (vii) is rejected since nudges’ effectiveness was
independent from weekdays. However, competitor dishes are relevant factors influencing nudge performance.
The NAHGAST I results reveal that competitor dishes diminished nudging effects somewhat by ‘cannibalising’
the overall daily sales share of the most sustainable dishes of the day. Sales shares of only two out of ten of the
most sustainable dishes during both project iterations were above 33%. Therefore, ‘top runners’ such as
meatballs or schnitzel should be offered consciously besides targeted sustainable dishes to not diminish
sustainable dishes sales.

The differences found in the effects of some nudges between both project iterations might be the result of the
adjusted survey design in NAHGAST II and/or due to changes within the societal environment we did not
control for. Concerning the advanced survey design, in the second iteration measurement weeks did not contain
public holidays, seasonal effects were strictly controlled for, only three daily dishes were available during each
intervention week to reduce the overall choice options to the set of harmonised dishes across all cafeterias, and

the baseline data pool was enlarged (two instead of one baseline measurement week). In particular the broader
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database to which the intervention data is compared to should balance out possible effects of a single,
extraordinary event during baseline measurement. These improvements might explain the different results of
the type 1 nudges between the project iterations. However, they do not provide an explanation for the different
performances of the type 2 nudge label plus information in NAHGAST II. Hence, other factors such as personal
characteristics of guests and their value system might have influenced final results. We did not ask guests for
their personal opinion or attitude nor preferences but only observed their behaviour. Therefore, we are not able
to differentiate between those with a higher interest in food and sustainable consumption and others with lower
involvement or different value systems. Regarding surrounding societal environmental factors, the emergence
of the Fridays for Future movement might be of relevance. As elaborated in the introduction, increasing
involvement in food choice might be a key to provoking more sustainable food choices. The media coverage
of Fridays for Future strikes could have fostered higher involvement in food choices out of home. Higher
involvement then could have facilitated processing of displayed information, evoking more sustainable dish
choice. Hence, the impact of involvement for the successful applicability of labelling information as system 2
nudges should be an issue of further investigation.

To advance future research, nudge interventions should be implemented over longer timeframes in order to
measure long-term effects of nudges on out-of-home consumer choices (Winkler et al., 2018). Further, a
harmonised menu should cover all available dishes. Regarding our sustainability label, future research could
uncover distinct consumer preferences regarding the different dimensions of sustainability displayed. It might
be of relevance for practitioners whether consumers — when looking at a comprehensive label — choose their

dishes based mainly on environmental, health or fairness aspects or a combination thereof (Langen et al., 2017).

Nudge interventions can be used nearly at each point in time of the consumer choice process (from choosing a
dish, serving, eating, cleaning up, and paying) (see Appendix Figure Al). Moreover, they can target the
different levels of individual factors, social and physical environment. Thus, numerous significant leverage
points can be created and be adapted to each thinkable cafeteria to increase guests’ preferences for sustainable
meals (for an overview see Langen (2018)). Our approach to compare the effects of the same intervention in
different settings and the effect of different, sequential nudging interventions in the same setting reveals that
some nudge interventions are a useful approach for the out-of-home catering sector to guide food choices
towards more sustainable meals. Overall, our findings show that nudges allow small, low-cost and non-invasive
changes to the choice architecture in the out-of-home catering sector. To be most effective we recommend

monitoring all nudges implemented with regard to location-specific settings and situational conditions.
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6.3 Conclusions

We successfully compared different nudging interventions in a systematic way across settings to investigate
potential consistent pattern of evidence and hence are able to add to the existing literature. Results reveal that
one type 1 nudge always works: the counter position. This was the intervention practitioners found simplest to
implement. Labelling sustainable dishes and giving respective explanations successfully altered consumer
choices towards sustainable dishes in the second iteration. This type 2 nudge seems to be suited in combination

with awareness raising and other means to increase guest involvement in sustainable food consumption.

Further, our study shows that the chosen real-world laboratories research approach requires a lot from
practitioners as well as scientists. Practical doing of cooks and staff in cafeterias is not per se suited to produce
accurate scientific data needed to analyse precisely and without additional constraints. Great willingness to
understand each other and to work together in a transdisciplinary way is needed to bring such projects to
fruition. Time for adjustments is needed, funding institutions’ openness for such transdisciplinary experiments
is fundamental. Overall, the particular challenges have to be taken into account whenever real-world lab

projects are planned and conducted.
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Appendix

Appendix Table A1. NAHGAST I results - Logistic Regression and predictive margins (dependent variable (DV):

Choice of most sustainable dish, independent variable (IV): Intervention variant, Day of the week, cafeteria type).

Choice of most sustainable dish Coefficient Standard Margins Standard
Error Error

Intervention

Baseline Measurement 0 (base) | 0.258%*** 0.003

Counter Position 0.313%** 0.038 | 0.316%** 0.006

Menu Position 0.052 0.048 | 0.267%** 0.008

Descriptive Names -0.105%** 0.029 | 0.240%** 0.004

Label (most sustainable dish) -0.011 0.027 | 0.256%** 0.003

Label (all NAHGAST dishes) -0.116%*** 0.034 | 0.238*** 0.005

Label & Information .

(all NAHGAST dishes) 0.013 0.027 | 0.260 0.004

Day

Monday *E%

(Chickpea curry) 0 (base) | 0.198 0.003

Tuesday ) . s

(Vegetable bowl) 0.083 0.030 | 0.185 0.003

Wednesday Hkk wokok

(Potato/ pasta dish) 1.006 0.028 | 0.392 0.004

Thursday ) e I

(Vegetable stew with meat component) 0.176 0.0291 0.172 0.003

Friday Heokk k%

(Vegetarian schnitzel / sausages) 0.887 0.026 | 0365 0.004

Cafeteria

Company 1 0 (base) | 0.124%** 0.002

Company 2 1.040%** 0.036 | 0.277*** 0.005

Hospital 0.793%** 0.037 | 0.233%** 0.005

School * 1.495%** 0.033 | 0.371%** 0.005

University 1.206%** 0.027 | 0.310%** 0.003

constant -2.362%** 0.036 - -

Number of observations 74,415

Pseudo R? 0.0714

Log likelihood -39,402.08

Note: ? Interventions ‘counter position” and ‘menu position’ tested together.

#4% 00,001, ** p<0.01, * p<0.05.
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Appendix Table A2. NAHGAST I results - Logistic Regression and predictive margins for each cafeteria (dependent

variable (DV): Choice of most sustainable dish, independent variable (IV): Intervention variant, Day of the week).

Company 1 Company 2 Hospital School & University
Choice of most Coef. Margins Coef. Margins Coef. Margins Coef. Margins Coef. Margins
custainable dich (Std. (Std. (Std. (Std. (Std. (Std. (Std. (Std. (Std. (Std.
Err.) Err.) Err.) Err.) Err.) Err.) Err.) Err.) Err.) Err.)
Intervention
Baseline 0 0.128%** 0 0.281%** 0 0.249%** 0 0.333%*x 0 0.308%**
Measurement (base) (0.006) (base) (0.011) (base) (0.011) (base) (0.009) (base) (0.005)
Counter Position 0.342%%*  (.17]1%** 0.131  0.307*** 0.128  0.271%**  (0.389%**  (.378*** : :
(0.079) (0.008) (0.081) (0.012) (0.102) (0.013) (0.117) (0.011)
Menu Positi -0.016  0.126%** 0.028  0.254***  (.389%**  (.378***
cenu Fosition (0.089) (0.008) - - (0.128) (0.018) (0.117) (0.011) - -
Descriptive 0.134  0.144%** -0.035  0.274%** 0412**; 0.186%** -0.008  0.332%** -0.112%%  0.286%**
Names (0.077) (0.007) (0.083) (0.011) '(0 104) (0.011) (0.114) (0.009) (0.040) (0.006)
Label (most -0.054  0.122%** -0.076  0.267*** -0.236%  0.212%** -0.240  0.308%** 0.082%  0.325%**
sustainable dish) (0.081) (0.006) (0.085) (0.012) (0.116) (0.014) (0.128) (0.010) (0.033) (0.005)
Label (all sk - sk sk ok Aok
NAHGAST (;)060757; 0.}52006) : : 04387 Oig 3014) (;)Oi(igl) 0?3 3009) -0(3 3ofm O%S 1)08)
dishes) ) ) (0.125) ) i ) ) )
Label &
Information 0.019  0.130%** -0.171%  0.249%** -0.223%  0.214%** -0.319%*  0.300%** 0.113%%  0.332%**
(all NAHGAST (0.076) (0.006) (0.084) (0.011) (0.098) (0.011) (0.117) (0.009) (0.036) (0.006)
dishes)
Day
Monday 0 0.131%** 0 0.351%** 0 0.229%** 0 0.064%** 0 0.263%**
(Chickpea curry) (base) (0.008) (base) (0.012) (base) (0.011) (base) (0.005) (base) (0.005)
Tuesday -0.195%  0.110%** 1.022**; 0.163%** 0_712**; 0.128%** 0.303%  0.085%** 0.112%*  0.286%**
(Vegetable bowl) (0.083) (0.005) (0.084) (0.009) (0.093) (0.008) (0.128) (0.008) (0.041) (0.006)
gzi‘zszazm 0.433%%%  (,]88%** S0.150 0317k 0704k 0374k ) ) 1.037%%%  .502%%+
dish) p (0.077) (0.005) (0.080) (0.013) (0.085) (0.013) (0.039) (0.007)
Thursday : } :
(Vegetable stew 0.026  0.133%** 0.717%%% 0.209%** 1.365%#* 0.071%**  1.703%*%*  027]%** 0.513%+* 0.176%**
with meat (0.086) (0.006) . (0.010) ’ (0.007) (0.092) (0.009) : (0.005)
(0.081) (0.119) (0.042)
component)
Friday :
(Vegetarian 0.645%+* 0.073%** 0.165%  0.389%**  1.278%*%  (.513%%%  4966*%**  0.903***  0.406***  (0.349%**
schnitzel / '(0 101) (0.005) (0.080) (0.014) (0.108) (0.021) (0.110) (0.006) (0.035) (0.005)
sausages) )
constant 1.945%** - 0.589%** - 1.075%** - 2.721%%* - 1.042%** -
(0.082) (0.074) (0.087) (0.110) (0.033)
Number of 19,014 7415 6,847 8,969 32,170
observations
Pseudo R? 0.0212 0.0344 0.1057 0.4294 0.0417
Log likelihood -7331.50 -4217.84 -3262.96 -3268.38 -19103.69

Note: ® Interventions ‘counter position’ and ‘menu position’ tested together.
*** p<0.001, ** p<0.01, * p<0.05.

Logistic regression results revealed that significant increases in sales from the counter position nudge occurred only at
company cafeteria 1 and the school cafeteria, while for company cafeteria 2 as well as the hospital staff cafeteria sales data
increased, yet not significantly. Regarding the menu position nudge, comparability across settings was limited. Company
cafeteria 1 showed a non-significant decrease, the hospital staff cafeteria a non-significant increase, and the school cafeteria
a significant increase in combination with the counter position nudge. While the descriptive names nudge nearly gained
significant positive influence at company cafeteria 1, it decreased sales at company cafeteria 2, the school cafeteria, and
particularly at both the hospital staff and university cafeteria. This suggests that the wording of dish names in itself might
influence sales and hence should be pretested in advance (Ohlhausen and Langen, 2020). Similarly, we found mixed effects
of the first label intervention only signalling the most sustainable dishes. Four out of five cafeterias recorded a decrease in
their sales, only having a positive impact at the university cafeteria. Instead, when labelling all NAHGAST dishes, logistic
regression results were more consistent yet still ambiguous. All four cafeterias sold less of the dishes with the highest
sustainability ratings, but company cafeteria 1 recording non-significant negative effects and showing nearly no effect at
the school cafeteria. Similar results to the first label intervention were achieved with the addition of extra information on
the label. Regression results revealed a significant negative effect at company cafeteria 2, the hospital staff- and school
cafeterias. The other two locations increased their sales of most sustainable dishes, with the effect being significant only
for the university cafeteria.



Appendix Table A3. Results for NAHGAST I - Predictive margins for dish sale shares.
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Baseline Label Label &
Counter Menu Descripti Label Informati
Measure . o (most
Position Position ve Names (all) on
ment sust.) (all)
Margin Margins Margins Margins Margins Margins Margins
(Std. (Std. (Std. (Std. (Std. (Std. (Std.
Err.) Err.) Err.) Err.) Err.) Err.) Err.)
Monday 0.198***  (0.250%**  0.206%**  (0.182***  0.196***  (.181***  (0.200%**
(Chickpea curry)  (0.004) (0.007) (0.007) (0.004) (0.004) (0.005) (0.004)
Tuesday 0.185***  (0.236***  (.193***  (Q.171***  0.184***  (0.169***  (.188***
(Vegetable bowl)  (0.004) (0.007) (0.007) (0.004) (0.004) (0.005) (0.004)
gzﬁgj‘;ita 0.392%%%  (.464%%%  0404%%*%  0369%**  (390%%* (367  (.395%%*
dish) (0.006) (0.008) (0.010) (0.006) (0.006) (0.007) (0.006)
Thursday
(Vegetable stew 0.172%%*  (0.220%**  (0.180%**  (Q.158***  Q.171*** (. 157***  (.174%**
with meat (0.004) (0.006) (0.007) (0.004) (0.004) (0.005) (0.004)
component)
Friday
(Vegetarian 0.365%**  0.437***  (.377*%**  (0.343*%**  (0.363***  (0.341*¥**  (0.369***
schnitzel / (0.005) (0.008) (0.010) (0.006) (0.005) (0.007) (0.006)
sausages)

Note: *** p<0.001, ** p<0.01, * p<0.05.



Appendix Table A4. Results for NAHGAST II - Logistic Regression and predictive margins (dependent variable
(DV): Choice of most sustainable dish, independent variable (IV): Intervention variant, Day of the week, cafeteria

type).

Choice of most sustainable dish Coefficient Standard Margins Standard
Error Error

Intervention

Baseline Measurement 0 (base) | 0.194%** 0.006

Counter Position 0.091 0.055 | 0.209%** 0.007

Menu Position 0.120* 0.054 | 0.214%** 0.006

Label & Information s .

(most sustainable dish) 0.173 0.059 | 0.223 0.008

Day

Monday k%

(Chickpea curry) 0 (base) | 0.239 0.008

Tuesday ) - sk

(Rice bowl) 0.262 0.059 | 0.194 0.007

Wednesday ) % sk

(Potato bowl) 0.139 0.059 | 0.214 0.007

Thursday k%

(Vegetarian spaghetti Bolognese) -0.075 0.059 1 0225 0.007

Friday ~ skokok sk

(Chicken fricassee) 0.688 0.084 | 0.136 0.009

Cafeteria

Hospital 0 (base) | 0.232%** 0.008

Company -0.180** 0.067 | 0.202%%** 0.008

University -0.175%** 0.050 | 0.203%%** 0.004

constant -1.113%%* 0.066 - -

Number of observations 15,235

Pseudo R? 0.0067

Log likelihood -7,755.09

Note: *** p<0.001, ** p<0.01, * p<0.05.
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Appendix Table AS. NAHGAST Il results - Logistic Regression and predictive margins for each cafeteria (dependent
variable (DV): Choice of most sustainable dish, independent variable (IV): Intervention variant, Day of the week).

Hospital Company University
. . Coef.  Margins Coef.  Margins Coef.  Margins
dcilslﬁlce of most sustainable (Std. (Std. (Std. (Std. (Std. (Std.
Err.) Err.) Err.) Err.) Err.) Err.)
Intervention
Baseline Measurement 0 0.2la%* 0 0.200%* 0 0186
(base) (0.014) (base) (0.017) (base) (0.007)
Counter Position -0.093  0.199%** 0.105  0.217%** 0.146*  0.209%**
(0.124) (0.014) (0.150) (0.018) (0.068) (0.008)
Menu Position 0.267*  0.262%** 0.085  0.214%** 0.083  0.199%**
(0.116) (0.015) (0.147) (0.017) (0.068) (0.008)
Label & Information 0.144  0.240%*** 0.111  0.218*** 0.213*%*  (0.220%**
(most sustainable dish) (0.122) (0.016) (0.144) (0.016) (0.077) (0.010)
Day
Monday 0  0.287%** 0 0.234%** 0 0.224%x*
(Chickpea curry) (base) (0.017) (base) (0.017) (base) (0.009)
Tuesday -0.364%*  0.219%**  -0.770%**  (.124%** -0.120  0.204***
(Rice bowl) (0.126) (0.0106) (0.158) (0.014) (0.075) (0.008)
Wednesday -0.477**%  0.200%** -0.052  0.224%** -0.054  0.215%**
(Potato bowl) (0.128) (0.015) (0.138) (0.017) (0.075) (0.009)
(T\},fgti:ryian spagheti -0.392%%  (.214%% 0217  0.275%** 20.042  0.217%%*
Bolognese) (0.128) (0.0106) (0.138) (0.020) (0.075) (0.009)
Friday -0.332%  (0.224%** ) ) -0.956%**  0.100%**
(Chicken fricassee) (0.137) (0.019) (0.114) (0.009)
constant -0.997*** ) -1.264%** ) -1.341%** )
(0.113) (0.132) (0.068)
Number of observations 3,188 2,287 9,760
Pseudo R? 0.0079 0.0190 0.0105
Log likelihood -1702.98 -1160.45 -4850.41

Note: *** p<0.001, ** p<0.01, * p<0.05.

Counter position nudges decreased most sustainable dish sales at the hospital staff cafeteria (3 =-0.093, margin
=0.199**), but not significantly. This might have resulted from only one short food counter being available for
food distribution, making the menu position nudge more effective ( = 0.267*, margin = 0.262***). Label nudges
increased most sustainable dish sales (3 = 0.144, margin = 0.240**). The chickpea curry prevailed (base, margin
=0.287***) as a favourite among all most sustainable dishes. In contrast, at the company cafeteria all three nudges
tested had nearly equal effects on most sustainable dish sales: counter position nudges led to a relative increase
by 9% (8 =0.105, margin = 0.217***), menu position nudges by 7% (p = 0.085, margin = 0.214***) and label nudges
by 9% (8 = 0.111, margin = 0.218"**) compared to the baseline. Here, the vegetarian spaghetti Bolognese was an
exception ( = 0.217, margin = 0.275"**), being favoured even more than the chickpea curry (base, margin =
0.234***). Rice bowl sales were noticeably lower (3 = -0.770***, margin = 0.124***). At the university cafeteria,
label nudges worked best, increasing most sustainable dish sales by relative 18% (f = 0.213**, margin = 0.220***)
compared to the baseline, while counter position nudges led to a relative increase by 12% (B = 0.146%, margin =
0.209***) and menu position nudges by 7% (3 = 0.083, margin = 0.199***). Here, the chickpea curry (base, margin
= 0.224*"*) was favoured, followed by the vegetarian spaghetti Bolognese (f =-0.042, margin = 0.217***) and the
potato bowl (3 =-0.054, margin = 0.215***). Chicken fricassee sales remained low (3 =-0.956***, margin = 0.100***).
Opverall, the highest sales of most sustainable dishes were recorded at the hospital staff cafeteria. Possible
explanations might be location-specific dish preparations, including high shares of organic and fair trade
ingredients, which also increased their respective sustainability ratings.



Appendix Table A6. Results for NAHGAST II - Predictive margins for dish sale shares.
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Baseline .
Measurem | Counter Position Menu Position %;E:i ffls,:l)f ormation
ent )
Margins Margins Incr. Margins  Incr. Margins  Incr.
(Std. Err) | (Std. Err)  [%] | (Std.Er) [%] | (Std.Er) [%]
Monday 0.223%%% | 0.239%%* 02447+ 0.254%%+
(Chickpea curry) ©009 | o100 T2 | oty 4| (0109 B
Tuesday 0.181%%% | (.195%%* 0.199% %+ 0.208%**
(Rice bowl) ©008) | 0009 7 | 0009y | (0o10p T14°
Wednesday 0.199%*% | (0214%% 0.219%%* 0.220%%*
(Potato bowl) ©008) | (0009 7 | 0009y O | 0010 P!
Thursday
(Vegetarian 0210%*% | 0.225%%* 0.230%%* 0.240%%*
spaghetti ©009 | 0009 U] 0009y 0| o1y T3
Bolognese
Friday : 0.026%%F | 0036% | oddossr | 0deR o
(Chicken fricassee)  (0.009) |  (0.009) : (0.010) 11 0.010) :

Note: *** p<0.001, ** p<0.01, * p<0.05.
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Appendix Table A7. NAHGAST II results - Logistic Regression and predictive margins for the company and
university cafeteria (dependent variable (DV): Choice of most sustainable dish, independent variable (IV):
Intervention variant, Day of the week, cafeteria type).

Choice of most sustainable dish Coefficient Standard Margins Standard
Error Error

Intervention

Baseline Measurement 0 (base) | 0.189%*** 0.007

Counter Position 0.139* 0.062 | 0.211*** 0.007

Menu Position 0.083 0.062 | 0.202%** 0.007

Label & Information - .

(most sustainable dish) 0.190 0.068 | 0.219 0.009

Day

Monday k%

(Chickpea curry) 0 (base) | 0.226 0.008

Tuesday _ Hokok sk

(Rice bowl) 0.237 0.067 | 0.188 0.007

Wednesday -

(Potato bowl) -0.055 0.066 | 0.217 0.008

Thursday skk

(Vegetarian spaghetti Bolognese) 0.007 0.066 | 0.228 0.008

Friday _ sk sk sk skeksk

(Chicken fricassee) 0.973 0.112 | 0.100 0.009

Cafeteria

Company 0 (base) | 0.200%*** 0.008

University 0.027 0.058 | 0.204*** 0.004

constant -1.345%%* 0.076 - -

Number of observations 12,047

Pseudo R? 0.0098

Log likelihood -6025.76

Note: *** p<0.001, ** p<0.01, * p<0.05.

Counter position nudges increased relative sales of most sustainable dishes for the company and university cafeterias in
NAHGAST II by 11.6% (B = 0.139%, margin = 0.211***), label nudges by 15.9% (B = 0.190**, margin = 0.219***), and
menu position nudges by 6.9% ( = 0.083, margin = 0.202***) compared to our NAHGAST 11 baseline.
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Appendix Figure A1: Model combination of ecological systems theory and food choice process model. Illustrating possible
places, time and opportunities to alter and to assess consumer behaviour out-of-home.

Choose — Serve — Eat ™ Clean up
t t t
Pay

7_ | i

Dert < W
()
> Y } » O‘\
Sodial e S N Do __]
» (o5,
il [ YN e
-—Er— | S

~_

Source: own depiction based on the concepts of Bronfenbrenner (1992) and Sobal & Bisogni (2009).
Note: Divided into the vertical categories of the ecological systems theory (physical environment, social environment,
individual factors) and the horizontal categories of the food choice process model (choose, serve, eat, clean up and pay) in
the form of a matrix. Illustrations display few of many possible factors which influence consumer behaviour out-of-home
(choice behaviour in a group vs. alone, serving the dish at the counter using a serving tray or not and the e.g. position of the
‘green’ food in the counter, communication of information at the table, the clearing system as well as the payment system
and possible pain of paying depending on payment in cash or not illustrated as ghost).
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Appendix Figure A2. Nudge: Change of the counter position. Exemplary graphical comparison between baseline

measurement and intervention week.

Baseline

Menu 2 Menu 1

Bratwurst Goulash
-

Change in the
counter position

Menu 2
Bratwurst 15§

Note: According to kitchen chef experience and sales data, the cafeteria's best-selling position is marked by the trophy far
right. Consequently, in the baseline measurement the most sustainable dish of the day according to the evaluation tool, the
curry, was not offered in the best-selling position 1 (right) but in position 3 (left). In the intervention week, the most
sustainable dish of the day was placed in the best serving position for all contributing cafeterias, in this case on the far right,
in order to test the effect of the nudge compared to the baseline.



Appendix Figure A3. Nudge: Change of the menu position. Exemplary graphical comparison between baseline

measurement and intervention week.

Mend 1
mit drei Beilagen

b 4

Baseline

Montag

Rindergulasch mit Paprika
ar

6.0

Dienstag

Frikadelle “*““” mit Rahm-
sauce ¥

Ur

Mittwoch

Schweineschnitzel “*4*

AWE) mit Rahmsauce

Meni 2
mit drei Beilagen

Grillstation.

ichererbsen-Currypfanne ¥/

Gebratener Wildreis mit
Pilzen 44

<

l(arwffelrhnne mit frischem
Gemase !

Tagesaktion Frische Bratwurst  vom Bio  Hausgemachte Pasta “"“'mit  Lasagne mit Wildlachs und
Bentheimer Schwein mit ﬁl;\s)f Blattspinat-Kisesauce Spinat “AWECOS) gy
Stampfkartoffeln " und ““*! dazu bunter Salat Tomatensauce " und bunter
buntem Salat () < Salat
& - 8,20 € 30 € 70 € ‘
Eintopf Erbseneintopf mit Linseneintopf mit
&e{é#cheﬂem Speck Esragﬁpenem Speck
,
Mettendchen 23 Mettendchen 234
extra: 1,00/1,40/1,80€  extra: 1,00/1,40/1,80€
[ ] 9
1.65€]240€ | 2.95¢ 1.65 €
Menii 1 ichererbsen-Curry- i Kartoffelpf: mit
Q mit drei Beilag pfanne ¥ mit Pilzen 13 frischem Gemuse
Menii 2 Rindergulasch mit Frikadelle "o mit Schweineschnitzel
mit drei Beilagen  p;prika ) Rahmsauce @ ““"‘::;‘"~" mit Rahm-
ar @ SRUCR
2.85€|4,05€|5,15€ 2,85€|405€|4,15€ ([}
5€|4,05€5,15¢€
Grillstation.
Tagesaktion Frische Bratwurst Hausgemachte Pasta Lasagne mit Wildlachs
vom Bio Bentheimer {AWS) mit einer Blatt- und Spinat *AWEC0S)
Schwein mit Rahm- spinat-Kasesauce **°'  dazu Tomatensauce ¥
sauce, Stampf- dazu bunter Salat und bunter Salat
kartoffeln *% und
Salat 1€ | 6,70 € 3,65¢€ € 5 €
9
390€|550€|625¢€
Eintopf Li i f mit i f mit
ﬁelr‘éllﬁrenem Speck 5e’r‘é,lﬁ’henem Speck
23 Ql’ll’ﬂ: 234 e:;!ra:

1,00/1,40/1,80€
L.

65€]240¢

1,00/1,40/1,80€
L
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Note: According to literature and sales data, the cafeteria's best-selling menu position is marked by the trophy
at the top (menu 1). Consequently, in the baseline measurement the most sustainable dishes of the day according
to the evaluation tool, were not offered in the best-selling menu position at the top (menu 1) but in the middle

(menu 2). In the intervention week, the most sustainable dishes of the day were placed in the best menu positions
at the top (menu 1) for all contributing cafeterias, in order to test the effect of the nudge compared to the baseline.
Exemplary English translation for the baseline; Monday: Beef goulash (menu 1), Chickpea curry (2), Bratwurst
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(3), Pea stew (4); Tuesday: Meatballs (1), Rice bowl (2), Pasta (3), Lentin stew (4); Wednesday: Pork schnitzel (1),

Potato bowl (2), Spinach salmon lasagna (3).

Appendix Figure A4. Nudge: Label (left) and explanatory information (right) used in NAHGAST 1.

Vegetarischer
Gemiiseeintopf

'GESUNI

(Speisenbewertung aus Sicht der Nachhaltigkeit
durch die NAHGAST-Verbundpartner Wuppertal
Institut und Faktor10)

@ NAHGAST

www.nahgast.de

@ NAHGAST

[ N
© &)

Diese Label bewerten die Nachhaltigkeit der angebotenen Gerichte.

Hinter jeder der drei Kategorien steht eine Vielzahl von Indikatoren. Diese

wurden von Wi haftlern der TU Berlin gemeinsam mit den
Wissenschaftlern des NAHGAST-Proj In i i

i mit den Mitarbeiter*innen von PACE konnte fiir die hier
Gerichte die igkeif tung werden.

Was verbirgt sich hinter:

Fair fiir Enthalt die Mahlzeit Zutaten aus fairem Handel,
Mensch und tierischen Produkten und einer artgerechten

Tier Tierhaltung?

Wie viel Wasser und Fliche verbraucht die
Mabhlzeit wihrend der Herstellung? Sind die
Zutaten regional, biologisch und/oder saisonal?
Hier wird der Ressourcenverbrauch von den
Zutaten sowie z.B. der CO, AusstoR beriicksichtigt.

Wie gesund ist das Gericht auf Basis der Nahrstoffe
fir deinen Kérper? Hier zahlt der Gehalt an

Ballaststoffen, Energie, Fett, Kohlenhydraten
(davon Zucker), sowie Salz.

Weitere Informationen unter: www.nahgast.de

Note: English translation for Label (left): Vegetarian vegetable stew; Scales: Fair for humans and animals, environment,
health; Dish evaluation from the sustainability perspective by the NAHGAST alliance partners Wuppertal and Faktor10.
English translation for explanatory information (right): These labels assess the sustainability of the dishes on offer. Behind
each of the three categories is a variety of indicators. These indicators were compiled by scientists from the TU Berlin
together with the scientists from the NAHGAST project. In intensive coordination with the employees, it was possible to
carry out the sustainability evaluation for the dishes offered here. What is behind: Fair for humans and animals: Does the
meal contain ingredients from fair trade, animal products and species-appropriate animal husbandry? Environment: How
much water and land does the meal use during production? Are the ingredients regional, organic and/or seasonal? Here,
resource consumption from ingredients is considered, as well as CO2 emissions. Health: How healthy is the meal for your
body based on the nutrients? Here the content of fiber, energy, fat, carbohydrates (of which sugar), as well as salt counts.



Appendix Figure AS5. Nudge: Label and explanatory information used in NAHGAST II.

Sustainable production
@ NAHGAST and consumption in
out-of-home catering
Exemplary Dish
ENVIRONMENT
HEALTH

S -

FAIRNESS FOR HUMANS AND ANIMALS

- B =

The ] are here:
4 e
water req and land req
The g p are here:
* Energy, fibre, fat, carbohydrates,
including sugar and salt.
~ The g p are here:
d Animal welfare and fair trade share.
Further is available at: hgast.d

Note: Translated English version. German version can be provided upon request.
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