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Abstract: The use of behavioural insights, prominently nudges, in designing climate 
policies has increased tremendously in the last decade. But mitigating climate change 
calls for more than nudging. Citizens must own their agency to respond to this 
urgency. In this paper, I test the role of reflection in scaling up behavioural climate 
policies. To this aim, I present evidence from an online survey experiment with 3074 
UK respondents to evaluate reflexive policies like nudges and rules, reflective policies 
like thinks and goal implementation plans, and hybrid policies like nudge pluses 
(Banerjee and John, 2021) in promoting intentions for climate-friendly diets. First, I 
find all behavioural climate policies are significantly effective in promoting intentions 
for climate friendly diets. Nonetheless reflection is most effective when it is combined 
with a nudge: nudge pluses offer an additional 0.14 (0.10) standard deviation units 
decrease in intended carbon emissions over standalone nudges (reflection). Second, I 
find flexitarians are more responsive to behavioural climate policies. Third, I do not 
find evidence of negative behavioural spillovers, measured by participants’ charitable 
donations. This experiment is the first randomised, systematic evaluation of reflection 
in behavioural climate policies to scale-up our efforts in mitigating (dietary) emissions.  
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1. Introduction 

Most individuals find adopting a new behaviour very challenging. People are often myopic, 

following their current desires rather than achieving long-term goals, such as mitigating climate 

change. So, do they need a behavioural cue or decision signal to get to where they and the society 

want them to be? Decades of work in behavioral economics suggests that people can be prompted 

with a favourable choice architecture that takes advantage of their preset biases to steer them 

towards their long-term goal. This choice architecture refers to the external decision environment 

in which people make choices, which are nudges, conceived by Thaler and Sunstein as internality-

targeting, libertarian tools that ‘alter people's behavior in a predictable way’ (2009, p. 9). Nudges 

have been successful in addressing a range of pro-social behaviours, such as paying taxes (John & 

Blume, 2018) and donating organs (Reinhart et al., 2007). They have successfully promoted the 

uptake of healthy diets (Cadario & Chandon, 2019). Nonetheless, can nudges also work to promote 

the consumption of low-carbon diets?  

If so, nudges may be able to address climate policy challenges that are becoming ever more 

pressing. Why? Carbon-intensive foods, including ruminant meat and dairy products, are 

environmentally unsustainable (Ranganathan et al., 2016). Livestock farming generates ~14.5 

percent of the global greenhouse gas emissions (Gerber, 2013). In the United Kingdom, the 

livestock sector contributes ~5 percent to the country’s greenhouse gas emissions (BEIS, 2021) . 

Consequently a sustainable transition to balanced (or plant-based) diets presents us with ‘major 

opportunities for adaptation and mitigation’ in neutralising net emissions by 2050 (IPCC, 2019); 

for instance, the United Kingdom Committee on Climate Change (2020) recommends a 20 percent 

per capita reduction in levels of ruminant meat and dairy consumption to reach its net zero targets. 

Unfortunately, however, current meat consumption, amongst male adults, in the United Kingdom 

exceeds the recommended dietary intake (PHE & FSA, 2018). Recent national surveys indicate a 

public willingness to reduce meat consumption (Salazar, 2020; Lee & Simpson, 2016) but 

transforming dietary behaviours remain difficult (Kelly & Barker, 2016). 

Unfortunately, however, whilst nudges have been proposed as a ‘menu for change’ (Park 

& Barker, 2020); experimental tests of their effectiveness in promoting low-carbon diets are limited 

(Garnett, 2021). Common examples to nudge diets include re-ordering menus, labeling items, and 

setting defaults. Further, nudges fail or backfire, given strong antecedent preferences (Sunstein, 

2017). Since diets reflect core human values and habits (Rozin, 1996); it is likely to take ‘more than 

a nudge’ to transform dietary behaviours (Brachem et al., 2019). It may, therefore, be the case that 

classic nudges are not up for bigger challenges like climate change that need fundamental changes 

in lifestyle and consumer habits. Nudges that propose simple modifications to the decision-
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framing environment can fail to address one’s intrinsic motivation and deliver on collective action 

(Oliver, 2017), as they are unlikely to manifest deeper-level changes in attitudes and values (UK 

Science and Technology Committee, 2011).  

In looking beyond nudges to effectively transform human behaviours, other toolkits 

promise to deliver reflective changes, such as boosts (Hertwig, 2017; Hertwig & Grüne-Yanoff, 

2017) and thinks (John et al, 2011). Nonetheless, pure reflection is hard to scale up as it imposes 

substantial cognitive costs on recipients. As an alternative, can we embed reflection in behavioural 

cues like nudges to influence the adoption of sustainable diets? Or should we rely on more 

educative mechanisms to help citizens self-regulate their behaviour? Instead of the standard choice 

architecture of nudges, we need a modified framework that prompts internal reflection and 

generates deliberative capacities to transform these fundamental behaviours. I address this issue, 

in my recent exposition of a ‘sophisticated model of cognition’, using the hybrid nudge-think 

framework called nudge plus (Banerjee and John, 2021; Banerjee, 2021). Nudge plus overcomes 

limitations to nudges, as they enable recipients to engage with the process of behaviour change, 

while being exempted from the cognitive load of pure reflective thinks. Consider an information 

disclosure that explains the construct and design of a nudge, like the default, to the recipient. This 

information disclosure, when embedded in the default, reflectively empowers people to actively 

choose the nudge. 

Novel as they are, boosts, thinks, and consequently nudge pluses have not been tested in 

sustainable behavioural transformations, including the reduction of carbon-intensive diets. This 

lack of empirical evidence is further multiplied by the absence of a systematic analysis to test and 

compare their effectiveness; and by their overwhelmingly false synonymity to nudges (Banerjee, 

2021). In this paper, I overcome this research gap. To this extent, I present findings from an online 

survey experiment to validate my testable predictions for nudge pluses (Banerjee & John, 2021). I 

also compare them to nudges, thinks, and boosts in reducing the intended consumption of carbon-

intensive foods2 and rank them by their effectiveness. Set up this way, I contribute to the 

behavioural economics and public policy literature with the (first) randomised and joint systematic 

evaluation of these four toolkits. I also contribute to the environmental economics literature by 

evaluating the role of behaviourally informed policies in mitigating climate change by promoting 

the consumption of low carbon diets.  

The online survey experiment was administered to 3,074 residents in the United Kingdom 

in November 2020 via Prolific: a leading digital crowdsourcing platform. In this survey experiment, 

 
2 The experimental design was pre-registered on Open Science Framework in February 2020 (detail withheld for 
blinding). 
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participants were randomised into nine experimental vignettes and a control group where they 

were presented with different versions of a restaurant menu to place an intended order for online 

delivery. 1 in 100 participants randomly received a food voucher to place an actual order using a 

Restaurant Choice food voucher. For the control group, a ‘regular’ menu was adapted from pre-

existing menus of 9 real restaurants in the United Kingdom. This consisted of 36 main course 

items. These items were representative of the most popular dine-out and take-away options in the 

country (Deliveroo, 2019; Just Eat, 2019). The menus were piloted twice, using a sample of 200 

subjects each, with amendments for their palatability to the public, before being administered in 

the experiment.  

In the experimental vignettes, participants were randomly assigned to one of the following 

nine treatments. In testing the nudge toolkit, I designed two experimental vignettes. In the first 

one, participants were shown an opt-out default menu which listed only 18 environmentally 

sustainable items from the regular menu. In the second, participants were shown a regular menu 

which was environmentally labelled using a traffic lights scheme: green, amber and red. In testing 

the boost toolkit, I designed another two experimental vignettes.  In the first one, participants 

were asked to construct ‘if-then’ goal plans; while in the second they were asked to memorise three 

quick rules to consume sustainable diets. Then, they were shown a regular menu. In testing the 

think toolkit, I designed one active mechanism design. Here, participants were offered a pledge to 

consume sustainable diets. Then, they were asked to think about the pledge and about their 

decision to sign it. They were further asked to think of the best possibly way to comply with the 

pledge by choosing among the three different menus: the regular, the sustainable default or the 

labelled menu. Finally, in testing the nudge plus toolkit, I designed four more experimental 

vignettes. In the first two, I tested the role of information disclosure delivered along with the 

nudge: in this, participants were informed of the design of the nudge and its construct to empower 

participants to reflect on the nudge. In the remaining two, participants were offered a pledge to 

commit to sustainable diets and made to think about conforming to it, either before or after the 

default nudge. The nudge plus differed from the think in its last stage: once a participant agreed 

to conform to the pledge, they were administered the nudge to ease compliance. In all these 

experimental vignettes, the final choice set was unchanged: all participants, regardless of the 

vignettes, could check out with any one of the original 36 main-course items. Following this task, 

participants were given the option to donate to a charity of their choice. In this way, I measured 

participant’s intended pro-environmental and pro-social behaviour in these experimental vignettes. 

In this paper, I will present three main findings from this online survey experiment. First, 

I find that all behavioural toolkits, namely the nudge, think, boost and nudge plus, are significantly 
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and substantially effective in minimising the intended consumption of carbon-intensive foods. 

Nudge pluses, which embed reflection in nudges, are the most effective: compared to the control 

group, the nudge plus reduces carbon emissions from intended dietary choices by 59 percent. 

Boosts and nudges reduce it by 45 percent.  Thus, from a policy perspective, I find that all 

behavioural interventions work and can be used an effective toolkit to promote low-carbon diets. 

Then I ask, what works best? I find embedding reflection in behavioural cues, like nudges, presents 

us with a more effective and transparent choice architecture. I call this Choice Architecture 2.0 

which includes easy-to-administer modifications to nudges. Second, I find heterogeneity in the 

average treatment effects. Participants with balanced diets respond more effectively to the 

experimental vignettes in reducing the intended consumption of carbon-intensive foods. Third, I 

do not find evidence of adverse (or negative) behavioural spillovers measured by participant’s 

donations to a charity. 

 The remaining paper is organised as follows. Section 2 briefly reviews and defines these 

behavioural interventions. Then in section 3, I discuss the design of this online survey experiment. 

In section 4, I outline the methodological approach and describe the experimental data. Finally, I 

summarise the findings in section 5. In section 6, I conclude by discussing these findings and its 

limitations, with directions for future research. 

2. Not everything is a nudge! 

A nudge steers us towards welfare-improving decisions ‘without forbidding any options or 

significantly changing economic incentives’ (Thaler & Sunstein, 2009, p. 6). They preserve the 

choice-set and are cost-effective (Benartzi et al., 2017). Nudges have been widely applied to 

transform human behaviours, such as energy consumption (Allcott, 2011; Allcott & Kessler, 2019), 

water usage (Ferraro & Price, 2013), waste production (Egebark & Ekström, 2016), healthier 

lifestyles (Ledderer et al., 2020) and financial decisions (Farhi & Gabaix, 2020). More recently, 

nudge interventions have been actively administered to promote healthy dietary choices (Arno & 

Thomas, 2016; Cadario & Chandon, 2019); however, their applications to reducing meat 

consumption are limited. A search on Scopus with the keywords Nudge and Meat yields twenty-

three studies only.  

Further, the scholarly consensus on the type of nudges effective in reducing meat 

consumption is mixed (Reisch et al., 2021; Kaljonen et al., 2020; Rose, 2018); for instance, Bianchi 

et al., (2018), in a review of tools encouraging sustainable food choices, identify food labels and 

meal size reductions to be effective. Byerly et al., (2018) find defaults and commitment devices in 

effective. Besides, nudges also fail (Osman et al., 2020). Their effects fade out over time leading to 

/Users/sanchayanbanerjee/Dropbox/Online%20Experiment/Paper%20Drafts/10.1002/fee.1777
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non-persistent behavioural transformations (Kurz, 2018; Venema et al., 2018); for instance, 

awareness (Wellesley & Froggatt, 2015) and/or value-action gaps (d’Angelo et al., 2020) explain 

why modified behavioural responses to nudges fade in their absence. From an ethical perspective, 

nudges are criticised to ‘work in the dark’ (Bovens, 2009) and are believed to manipulate human 

decisions (Hansen & Jespersen, 2013). To overcome these limitations, alternative behavioural 

interventions have been proposed to the toolkit of the policymaker. 

A boost, for instance, proposed by Hertwig (2017) and Hertwig & Grüne-Yanoff (2017), 

helps us make smarter decisions. While nudges take advantage of the heuristics and biases; boosts 

work by improving these heuristics, thereby increasing the ‘repertoire of skills’ (Grüne-Yanoff & 

Hertwig, 2016, p. 152). For instance, defaulting customers into choosing from a carbon friendly 

menu is a nudge; while teaching them a quick rule to complement every meal with a vegetarian 

side-dish is a boost. A boost can be literacy enhancing, for instance, training us to be frequentists 

or bayesians; procedural in helping us to follow quick rules to minimise uncertainties; or 

motivational in formalising implementation intentions to reach pre-defined goals (Hertwig & 

Grüne-Yanoff, 2017). They are typified into short- or long-term. In terms of applications, these 

tools have been used to improve numerical and financial literacy training (Berkowitz et al., 2015; 

Drexler et al., 2014), enable practitioners in prioritising actions (Gigerenzer & Gaissmaier, 2011; 

Hafenbrädl et al., 2016) and overcome any intention-behaviour gap (Gollwitzer, 1999). In 

modifying dietary choices, boosts have been proposed to change dietary habits through quick rules 

(Pollan, 2010) or by enacting implementation intentions (Adriaanse et al., 2011; Rees et al., 2018).  

Recently, Sunstein and Reisch (2019) have reconciled their idea of a boost by proposing 

educative nudges. Closely related to these educative toolkits, is the competing idea of a think, as 

proposed by John et al (2011). As the name suggests, a think is a purely deliberative toolkit; it 

encourages and engages citizens to learn, evaluate and reflect on all their decisions. These include, 

but are not limited to, citizen forums, focus groups and behavioural therapies. Unlike a boost, 

thinks are pure schooling strategies; for instance, an active mechanism design, like where citizens 

think about committing to a vegetarian diet is a think. While Thaler and Sunstein conceptualise 

commitment devices as a nudge; thinkers believe commitment devices to involve cognitive 

deliberation which precedes conformity to the device (Cotterill et al., 2013). A series of think 

interventions have been trialled against nudges (John and Stoker; 2011).  Yet application of thinks 

to dietary transformations are non-existent. 

More recently, I refine this debate with the nudge plus framework (Banerjee and John, 

2021). This modification to the nudge toolkit enables citizens to own behaviour change through 
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an active engagement with the process, encompassing the idea of a perspective transformation i.e., 

when faced with external stimuli, citizens update their beliefs and adapt to a new choice 

environment. This hybrid nudge-think approach offers a sophisticated account of human 

cognition by combining slow and fast thinking, either simultaneously, or in sequence to one 

another. A nudge plus is transparent to the receiver, by design, and enables one to exercise agency 

by transformation of perspectives or thoughts. It can be understood either as a two-part 

combination of a nudge and a think, made proximate to each other; or, as a one-part device where 

both are embedded in the same tool. Nudge pluses are yet to be tested in dietary transformations; 

nonetheless, they have been shown to improve job search outcomes (Mühlbock et al., 2021); 

increase COVID19 safety compliance (Hume et al., 2021) and incentivise effective public policy 

decisions (Ewert et al., 2021; Visintin et al., 2021). 

The nudge, boost, think and nudge plus toolkits differ in their causal pathways to effectuate 

behavioural change (Banerjee, 2021; Grüne-Yanoff et al., 2018); for a detailed conceptual 

underpinning, see Annex I. They are now defined below, for brevity: 

Definition 1: A nudge is any aspect of the choice architecture that alters people's behaviour 

in a predictable way without forbidding any options or significantly changing their economic 

incentives (Thaler and Sunstein, 2009, p6). A nudge is a purely heuristic toolkit which works 

by engaging automatic (type 1) cognitive processes. 

Definition 2: A think is a schooling strategy that involves large-scale deliberations to enable 

citizens own the process of behavioural reforms. These often include citizen forums and 

large-scale behavioural therapies (John and Stoker, 2011; John et al., 2019). A think is a 

purely reflective toolkit which works by engaging deliberative (type 2) cognitive processes. 

Definition 3: A boost assumes a decision maker whose competences can be improved by 

enriching his or her repertoire of skills and decision tools and/or by restructuring the 

environment such that existing skills and tools can be more effectively applied (Grüne-

Yanoff and Hertwig, p152, 2016).  

Definition 4: A nudge plus refers to an intervention that has a reflective strategy embedded 

into the design of a nudge. It can be delivered either as a one-part device in which the nudge 

and the reflective plus are intrinsically combined or two-part whereby the nudge is 

extrinsically combined with a deliberative instrument that prompts individual reflection on 

the nudge (Banerjee and John, 2021, p3). A nudge plus is a hybrid toolkit which works by 

engaging both automatic (type 1) and deliberative (type 2) cognitive processes. 
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Whilst these behavioural toolkits have been independently assessed to foster positive behavioural 

transformations; joint, systematic evaluations of these policies are limited. Some recent two-way 

evaluations include Reijula et al., (2018), Franklin et al., (2019), Bradt (2020), Roekel et al., (2021); 

Mühlbock et al., (2021) and Hume et al., (2021) Additionally, these toolkits can suffer from 

unintended consequences (Thunström et al., 2018). There is evidence to suggest that policy 

interventions seldom ‘sit in a vacuum’, with behavioural transformations in one domain often 

cascading on to other behaviours: like ‘ripples in a pond’ (Dolan & Galizzi, 2015, p. 1). As such, 

limiting evaluations of these toolkits to direct effects can bias the understanding of policy 

effectiveness (Galizzi & Whitmarsh, 2019) as policy effects can be thoroughly under (over) 

estimated. Annex II summarises this literature on behavioural spillovers. 

I make two research contributions to the literature: I evaluate randomly nudges, thinks, boosts and 

nudge pluses in reducing the intended consumption of carbon-intensive foods and thereby also 

assess any behavioural spillovers associated with these toolkits. To do this., I use an online survey 

experiment, which is discussed in the next section. 

3. The online survey experiment 

3.1. Survey Design 

I administered an online survey experiment through Prolific to residents in the United 

Kingdom. This survey was designed using Qualtrics, a web-based survey platform. The survey link 

was then distributed to a pool of 127,488 eligible participants registered on Prolific who could 

choose to participate in the study. The survey was administered in two waves, using pre-set filters 

to exclude either experienced participants who had participated in two prior pilot studies or non-

residents of the United Kingdom. The first wave was administered on 12 th November 2020, 

generating a total of 2.664 responses; of these, 121 (~4%) responses were either incomplete or did 

not meet the inclusion criteria, leaving 2,543 responses which satisfied minimum sampling 

requirements. Nonetheless, an additional 664 (~26%) participants failed to meet the pre-set filter 

of residency in the UK. As such, a second wave was administered, exactly a week later, on 19th 

November 2020, generating an additional total of 596 responses3.  The participants were rewarded 

for their participation time, on an hourly basis, as per standard reward rates set by Prolific. The 

average completion time for the survey was 24 minutes (ẟ=10.4 minutes) and the average reward 

was £3.35 GBP/hour.  

 
3 531 responses were valid. 
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The survey is available online in Annex III. To begin with, participants were explained the purpose 

and design of the survey, the data anonymisation, storage rules and protocols; and were explicitly 

asked for their consent to participate in the study. Consenting participants answered questions to 

self-report their underlying beliefs, attitudes, and preferences in the first part of the survey, 

including their current mood and self-control. Then, they participated in a risk and time preference 

task in the second part of the survey. These tasks were consequential: in that 1 in every 300 

participants had a chance to win an amazon voucher, equivalent to their earnings in a consequential 

risk and time preference task (with a reward of up to £80). To measure baseline altruism levels, 

participants were offered the opportunity to donate a portion of these earnings, if won, to a charity. 

Following this, they self-reported their dietary and physical habits. After this, they engaged with 

the food choice task where they had to choose a main-course item to place an intended order for 

online delivery. This task was quasi-consequential: upon successful completion of the survey, 1 in 

every 100 participants could win a restaurant voucher worth £20. The main course item chosen 

reveals intended dietary behaviour of participants rather than their actual behaviour, as we were 

unable to corroborate them with the restaurant when the food voucher was redeemed. The rules 

for the food choice task were displayed on their screen as shown in Figure 1: Rules of the food 

choice as displayed in the survey.. 

  
 

https://www.dropbox.com/s/ft6t5d9zxhfkr13/Online%20Survey%20Experiment%20Wave%201.docx?dl=0
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Figure 1: Rules of the food choice as displayed in the survey. 

After being informed of the rules, participants were randomly assigned to one of the ten 

experimental vignettes (see Table 1) using the inbuilt randomiser tool in Qualtrics. In these 

vignettes, participants were shown different restaurant menus and were asked to place an intended 

order for online delivery. When successfully completed, they were given another chance to donate, 

up to £10 of their food voucher, to a charity (up to a maximum of two charities) of their choice 

in the United Kingdom. They were reminded, if successful, their final food voucher payment will 

be adjusted for any donations made at this stage. These charitable donations measured participants’ 

pro-social behaviour. Finally, participants were assessed on their palatability towards the menu 

using six pre-determined indicators, including the rating for a dish, description of the dish, related 

environmental concerns, novelty of the dish and the overall menu. The survey measured standard 

socio-demographic characteristics before concluding. 

3.2. Treatment arms 

In part four, after being explained the rules, participants were randomly assigned to one of 

the nine experimental vignettes or the control group.  In each of these treatment arms, participants 

were shown a restaurant menu to place their order. The regular menu, corresponded to a ‘do-

nothing’ control group, which consisted of 36 main course items. Each menu item was priced at 

less than or equal to £20. Of these 36 items, 18 items each were vegetarian and non-vegetarian. 

This categorisation was done using the McCance and Widdowson’s CoFID user guide (PHE, 

2019). Annex IV lists these main course items and explains the categorisation of items on the 

menu. In the remaining nine vignettes, participants were either engaged with a cognitive task or 

shown an adapted menu or both to test the four behavioural toolkits. In all treatments, regardless 
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of its design, participants were redirected to a page where they were able to place an intended order 

for any one of the 36 items in the regular menu, thereby keeping the choice set unchanged across 

vignettes. This check out screen is shown below in Figure 2. I explain each experimental vignette 

below, which are also summarised in Table 1. 

 

Figure 2: Order landing page in the task 

The first behavioural toolkit was a nudge, in which I tested two different variants of the 

classic nudge: the default and the traffic lighting scheme. In both these variants, participants were 

simply shown a modified version of the regular menu and there was no additional cognitive task. 

Both nudges were designed purely based on the carbon intensity of the items listed on the regular 

menu. For example, in the default nudge vignette, the default menu was a reduced version of the 

regular menu; in that, it included only 18 low emission intensity items, of which 12 items were 

vegetarian and remaining meat based. Participants could opt-out of this menu by asking for a 

regular menu. Contrarily, the traffic lighting nudge was a colour-coded version of the regular menu. 

All high emission items were marked with a red footprint, the medium emission items with an 

amber, while the remaining low emission items were marked with a green footprint. Annex IV 

further details these menu designs. 

 The second behavioural toolkit was a think, in which I tested an active mechanism design 

using an offer to pledge to sustainable diets. This experimental vignette worked as follows. 
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Participants in this treatment arm were first presented with an offer to pledge to a sustainable diet. 

The pledge read as follows:  

Dear Participant,  

To reduce the impact on the environment, one can consume an environmentally sustainable diet. 

An environmentally sustainable diet is one with a low environmental impact. Sustainable food 

items have low carbon emissions associated with their production and consumption. You can 

contribute to sustainability by pledging to choose an environmentally sustainable diet in order to 

reduce your carbon footprint. Please indicate if you would like to pledge towards this cause.  

Thank you for your cooperation. 

Following the offer of the pledge, participants had to think if they wanted to either opt in or out. 

They were also given the option to remain indifferent to the pledge. If they opted out, participants 

were shown a baseline (control) menu of 36 main course items. Contrarily, those who pledged or 

were indifferent were made to think further about the best way to comply with the pledge. To this 

aim to aid their compliance, they could either choose to see the default menu with environmentally 

sustainable items; or a regular menu which was colour labelled with traffic lights to indicate 

environmental sustainability of the different items. Participants could also ask for a regular menu 

with no colour coding. Set out this way, the think harnessed complete deliberation (system 2) 

preceding food choices. Enabling participants to think about the pledge and their decisions to 

comply with it embodied an active choice mechanism. Figure 3 shows the cognitive mechanism 

underlying the think. 

 

Figure 3: How did the think work? 
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The third behavioural toolkit was a boost, in which I tested two variants of the boost: a 

non-motivational boost: quick rules; and a motivational boost: implementation intentions. 

Participants allocated to the implementation intention treatment received the thinker’s pledge. 

However, unlike the thinkers, they were asked to enact two goal plans to effectively manage this 

commitment. As such, this boost differed from the think, in that the pledge was enforced on all 

participants randomised into this treatment category. Participants simply had to design pre-

formatted ‘if-then’ plans to comply with the given goal. Each respondent devised a total of 6 meal 

strategies4, three each for lunchtime and dinner time.  

 

Figure 4: If-then goal plans used in the implementation intention treatment 

On successfully designing these strategies, individuals were shown the regular menu. These 

implementation plans are shown in Figure 4. Contrarily, participants allocated to the quick rules 

vignette were trained with three quick rules to eat (a) a balanced diet, (b) meat occasionally, and 

(c) mostly vegetarian items. Following this, they were self-assessed on these rules, and given the 

opportunity to recap the rules if needed. All participants were then shown a regular menu.  

Finally, the fourth behavioural toolkit used was the nudge plus. In this. I tested four 

experimental vignettes of a two-part nudge plus, as set out in Banerjee and John (2021). A two-

part nudge plus is a hybrid nudge-think strategy where two different interventions are made 

proximate to each other, either simultaneously or sequentially. To this aim, in two vignettes, I 

 
4 The participants were given three possible ‘if’ scenarios, in that they were to (a) go to a restaurant, (b) cook themselves 
a meal, or (c) order a takeaway. The five available ‘then’ actions were (a) to look up a vegetarian recipe, (b) choose 
poultry meat, (c) cut back on read meat consumption, (d) choose fish whenever available, and (e) add a vegetable side-
dish. 
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included the default and the traffic lighting menu combined with an information disclosure to 

explains the construct of the specific nudge (see Annex IV, figure c and e). Specifically, 

participants in these vignettes, were provided with a menu that had a one-liner explicitly stating 

the design and the construct of the menu. These were simultaneous: in that the disclosure came 

along with the nudge on the same menu. In the remaining two vignettes, I designed the default 

vignette to precede or follow an offer to pledge to sustainable diets.  

 

Figure 5: How did the default plus pledge work? 

Consider, for instance, the opt-out default plus the offer to pledge. Participants in this treatment 

arm were first offered the pledge and were asked to think about their commitment, either to opt 

in or out or remain indifferent to it. In this first stage, the nudge plus resembles the think. 

Nonetheless, afterwards, participants were spared the cognitive burden of compliance decisions: 

here the nudge plus resembles the nudge, as committed participants were automatically defaulted 

to see a menu with environmentally sustainable items. Combined this way, the nudge (opt-out 

default) followed the plus (pledge). The cognitive mechanism underlying this nudge plus is shown 

in Figure 5. The order of this sequencing was also reversed in the pledge plus default treatment 

arm. These experimental vignettes are now summarised in Table 1.   
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Sr 
No 

Behavioural 
Toolkit 

Experimental 
Vignette 

Intervention 
Vehicle 

Intervention Description  

1. Control Do Nothing Regular Menu (RM) 
 

Participants were shown an ala-carte menu 
with 36 items, including 18 vegetarian and 18 
non-vegetarian items. 

2. Classic 
Nudge 

Default Default (D) Participants were shown a default set-menu 
with 18 low emission intensity items only. Of 
these, 12 were vegetarian and 6 were non-
vegetarian. Participants could opt-out for the 
regular menu. 

Labelling  Traffic Lights (TL) Participants were shown an ala-carte menu 
with 36 items. These were colour coded as 
follows: red (high emissions), amber (medium 
emissions) and green (low emissions). 

3. Thinks Active 
mechanism 
design  

Pledge Participants were shown a pledge for an 
environmentally sustainable diet. Following 
their decision to pledge or not, they were 
asked to think and choose from a regular, 
default menu or traffic lighting menu to 
comply with the pledge. 

4.  Boosts Uncertainty 
management 

Quick Rules Participants were shown a set of three food 
rules along with the regular menu. 

  Motivational 
boost 

Implementation 
Intentions 

Participants were asked to design six ‘if-then’ 
implementation plans (three for lunch and 
three for dinner). They were shown a regular 
menu afterwards. 

5. 
 
 
 
 

Nudge Plus Two-part, 
simultaneous 

Default with 
information 
disclosure 

Participants were shown a default set-menu 
with an explicit information disclosure about 
construct of the default menu. 

Traffic Lights with 
information 
disclosure 

Participants were shown a traffic lighting 
menu with an explicit information disclosure 
about the labelling scheme. 

Two-part, 
sequential 
 

Opt-out default plus 
Pledge 
 

Participants were shown a default set-menu 
menu. Post-menu choice, they were shown a 
pledge for an environmentally sustainable diet. 
A choice to revisit their online order was also 
provided to those who took the pledge. 

Pledge plus  
Opt-out default 

Participants were shown a pledge for an 
environmentally sustainable diet. Post-pledge 
decision, they were shown a default set-menu 
to help them comply with the nudge. 

Table 1: List of experimental vignettes 
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3.3. Power Analysis 

 As reviewed earlier in Section 2, applications of nudges to reduce the demand of carbon 

intensive foods are limited, which include Bianchi et al5., (2018), Kurz6 (2018) and Cadario and 

Chandon7 (2019). Following this literature, I based my sample analysis on a conservative prior of 

Cohen’s d of 0.25. These sample size calculations were carried out using a two-groups independent 

means comparison t-test via G*Power 3.1 (Faul et al., 2009). I estimated a sample size requirement 

of n=253 participants per treatment arm conditional on an anticipated minimum detectable effect 

size of 0.25 at a power of 0.8 and a type-I error of 0.05 (1 in 20 false positives). Since the cost of 

recruiting subjects to any of the treatment arms were identical, the sample size requirements, across 

these arms, remained unchanged. This resulted in a total sample size requirement of N=2530 

participants, corresponding to a critical t-value of 1.96 units and a non-centrality parameter of 2.81 

units.  

4. Data and Methodology 

4.1 Outcome variable 

I use two outcome measures to reflect the intended dietary choices of survey participants. 

This is as follows: I translate the intended choices of dishes into their corresponding (a) greenhouse 

gas emissions (in kgCO2e; GHGe) and (b) carbon intensity ranks by the main ingredient of the 

dish. To this aim, I identify the primary food type (and ingredient) corresponding to an item on 

the menu using the McCance and Widdowson’s CoFID user guide (2015). Next, each food item 

is assigned a carbon score (in kgCO2e) using the UK Greenhouse gas emissions scale developed 

by Scarborough et al., (2014); for details, see Annex IV. This gives me a GHGe variable, ranging 

between 0.8 and 68.8 kgCO2e, with an average emissions score of 17.1 kgCO2e. The scale of 

measurement of the greenhouse gas emissions has discontinuities. To account for these value 

breaks, I further discretise the GHGe outcome into an ordinal variable called the Carbon Intensity 

(CI). CI is an ordered categorical transformation of the GHGe outcome variable. It has nine 

categories, starting with the food type: beans, and lentils at the lowest level (0) of carbon emissions, 

to the food type: ruminant meat at the highest level (8). I used these two outcomes as the main 

 
5 They review 14 studies with 22 experimental interventions to reduce the demand for meat. They find evidence in 
favour of nudges that induce physical changes in microenvironments. However, their review is restrictive in that 
they exclude educational and motivation interventions and fail to consider such joint treatment effects (Rose, 2018) 
6 They evaluate a small effect size (Cohen’s d of 0.11) of reordering menus to increase the sales of vegetarian dishes 
in Sweden. 
7 They assess the effectiveness of seven healthy eating nudges, typified as either cognitive, affective or behavioural in 
nature. They estimate an average effect size of Cohen’s d of 0.23 of these healthy eating nudges. 
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dependant variables. I also use the contributions made to a charity task as a second variable to 

measure participants’ pro-social behaviour. 

4.2. Independent variables 

Table 2 summarises the covariates used in this analysis. These are used to check for balance 

of means (for randomisation) and to test for heterogeneity in average treatment effects. Annex V 

describe these covariates in detail.  

Type Variables of Interest Measurement Type Inclusion rationale 

Outcome  
 

Primary Greenhouse Gas 
Emissions  

Continuous on a scale of 0.8-
68.8 (in kgCO2e/kg) 

Measures the direct impact 
of dietary choices 

Carbon Intensity  
 

Ordinal with 8 categories 

Covariates Momentary Mood  Continuous on a scale of 0-3. 
Four indicators of momentary 
mood are measured: happiness, 
tiredness, calmness and 
anxiousness. Measured pre- and 
post-treatment. 

These are used as baseline 
controls in the regression 
analysis. 

Pro-environmental behaviour Continuous on a scale of 0-10. 
A battery of 10 pro-
conservation behaviour 
questions adapted from the EIA 
(2010). 

Well-Being  ONS4; standardised 11-point 
Likert response 

 Freedom of Choice Modified World Values Survey; 
11-point Likert scale 

 Self-reported Risk Aversion Binswanger, Eckel and 
Grossman risk-aversion task  

 Generalised Trust Rosenberg from World Values 
Survey; Binary response 

 Information Preference Adapted Information 
Preference Scale from Ho et al., 
(2020); Measured using a 5-
point scale (Definitely don’t 
want to know- Definitely want 
to know) using a battery of 6 
questions. 

 Risk Preference  Titration algorithm from 
adapted Nebout et al., (2020) 

 Time Preference Titration algorithm from 
adapted Nebout et al., (2020) 
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 Perceived trade-off 
prioritization between: 
(a) Environmental protection 
and economic growth 
(b) Public Health and 
environmental protection 

Adapted from Ecocentric View 
in World Values Survey 

  
Self-reported impact of the 
Coronavirus pandemic on 
income, digital subscriptions, 
health expenses, online 
shopping and online meal 
deliveries. 

 
Measured using a 3-point scale. 

 Belief in Climate Change Whitmarsh Climate Change 1-5 
scale 

 Belief in command-and-
control  

Whitmarsh Climate Change 1-5 
scale 

 Self-reported dietary choice Categorical with pre-specified 
categories. 

 Healthy Eating Index Modified Eating Choices Index; 
Pot et al., 2014 

 Intensity of Physical Exercise International Physical Activity 
Questionnaire (IPAQ) 

 Palatability towards menu Measured using a 1-5 scale of 
‘Not important at all’ to 
‘Extremely important’ on liking 
the dish, description of the dish, 
environmental concerns, 
experience, novelty, and least 
bad outcome. 

 Demographics Highest Educational 
Qualification, country of birth, 
religion, ethnicity, marital status, 
income 

Table 2: Variables of Interest 

4.3. Empirical Strategy 

4.3.1. Confirmatory Hypotheses 

I test the following four categories of hypotheses listed below. These were pre-registered on OSF. 

Category 1: In this category, I am concerned with overall effectiveness of the proposed 

experimental vignettes, as assessed by their average treatment effects, relative to the do-nothing 

control group. 

H1: Exposure to any of the proposed interventions i.e., variants of nudges, boosts, 

thinks or nudge pluses, will have no different effect on the choice of carbon 
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intensive food items relative to the ‘do-nothing’ control intervention. This is a two-

sided test. 

Category 2: In this category, I am concerned with effectiveness of the nudge plus vignettes, as 

assessed by their average treatment effects, relative to their nudge, boost and think counterparts. 

H2a: Exposure to nudge pluses will significantly reduce the choice of carbon 

intensive food items relative to nudges. This is a one-sided test. 

H2b: Exposure to a two-part sequential nudge plus will significantly reduce the 

choice of carbon intensive food items relative to thinks. This is a one-sided test. 

H2c: Exposure to a two-part simultaneous nudge plus will have no different effect 

on the choice of carbon intensive food item relative to the uncertainty management 

boost. This is a two-sided test. 

H2d: Exposure to a two-part sequential nudge plus will have no different effect on 

the choice of carbon intensive food item relative to the motivational boost. This is 

a two-sided test. 

H2e: Exposure to a two-part simultaneous nudge plus will have no different effect 

on the choice of carbon intensive food item relative to the two-part sequential 

nudge plus. This is a two-sided test. 

Category 3: In this category, I am concerned with any adverse behavioural spillovers related to the 

experimental vignettes. 

H3: Exposure to any of the proposed interventions i.e., variants of nudges, 

nudge pluses, thinks, boosts or boost pluses will lead to no significantly different 

contributions to charitable causes (or, donations) compared to the control 

group. This is a two-sided test. 

Category 4: In this category, I am concerned with any heterogeneity in the average treatment 

effects of the experimental vignettes.  

H4a: Exposure to the motivational boost will have significantly different 

treatment effects relative to the think or two-part sequential nudge plus 

treatment for different motivation levels of participants. 
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H4b: Exposure to the experimental vignettes8, relative to the control, will have 

significantly different treatment effects for participants with different levels of 

(a) anxiety (b) tiredness and (c) calmness.  

H4c: Exposure to experimental vignettes4 will lead to no change in agents’ 

perception of control over decisions (enhanced transparency effect). 

I also report on any additional exploratory findings in the analysis. 

4.3.2. Model Specifications 

 
4.3.2.1. Direct Effects 

To test for hypotheses H1 and H2, I use a multiple linear regression model9. In this, I use 

the Greenhouse gas emissions (GHGe) outcome. In particular, to test for hypothesis H1, I use the 

following regression specification: 

 (GHGe)i = α + β (Treatment)i + εi (1) 

Following model (1), I also test for normality, using the Shapiro Wilk test-statistic, and for 

heteroskedasticity using the Breusch-pagan (and, White) test. For robustness, I modify 

specification (1) by controlling for covariates in the regression equation as shown in model (2) 

below: 

 
8 These comparisons have been later extended to all experimental vignettes. 
9 Since GHGe is a continuous variable with multiple jumps in values, I anticipate that the estimation results can be 
affected by these breaks. As such, I fit a generalised ordered logistic regression model using the ordinal variable, 
Carbon Intensity. These results are shown in Annex VII. A generalised ordered logistic regression follows an ordered 
logistic regression in that the proportional odds (or, parallel lines) assumption is not satisfied. Consider the following 
generalised ordered logistic regression specification as below: 

 P (CIi >j) = exp (αj + βj (Treatment)i) / 1+ {exp (αj + βj (Treatment)i)} (3) 
where, j = 0, 1, 2, …, (M-1), such that M is the total number of categories of the ordinal variable and i is the unit of 
measurement.  
 
Thus, the probability that the Carbon intensity of a unit i in each category is greater than the jth category is estimated 
by the regression specification (4). This model specification differs from an ordered logistic regression in that the 
coefficients β’s is estimated for all M-1 categories of the ordinal variable. By doing so, model (3) asserts that the effect 
of the behavioural interventions on the odds of choosing an item across any two levels on the carbon intensity scale 
is different at different levels; for instance, a nudge leads to a different change in odds between carbon intensity levels 
0 and above relative to that under category 1 and above. In using this specification, I assume that the effect of the 
behavioural interventions on the cumulative logits of Carbon intensity ranks are asymmetrical (Fullerton & Dixon, 
2010; Williams, 2016) . I test for the violation of the proportional odds model using a likelihood-ratio test of whether 
the estimated coefficients are equal across the different categories. I put forward a partial proportional odds model, 
where a few of the coefficients β’s is constrained. In testing the hypotheses H3, I used a modified form of the model 
specification (4) as below: 

   P (CIi >j) = exp (XΦj) / [1+ exp (XΦj)}                                          (4) 
where XΦj = αj + βj (Treatment)i + δ (Covariates)i) 
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   (GHGe)i = α + β (Treatment)i + δ (Covariates)i + εi (2) 

Then, I test for hypotheses H2a-e using specifications (1-2) by restricting the comparison between 

experimental vignettes only; for example, consider H2a. Take the default nudge. I have three 

different nudge pluses corresponding to this: a two-part simultaneous nudge plus, where the 

default is combined with an additional information prompt; and two sequential ones, where the 

default nudge is made proximate to the pledge, either preceding or following it. Therefore, to test 

whether the exposure to a nudge plus significantly changes the choice of carbon intensive food 

items relative to their nudge counterparts, I compare participants in these 4 treatment categories. 

Since I meet minimum sampling requirements for each treatment arm, based on the independent 

two-group means t-test, the inference can be expected to be sufficiently powered. I use robust 

standard errors in each estimation procedure.  

4.3.2.2. Indirect Effects 

I further assess any spillover effects on participants’ pro-social behaviour. To this aim, I 

follow Maki et al., (2019) in testing three different definitions of behavioural spillovers summarised 

below: 

Definition 1: Behavioural spillovers as the direct causal effect of any 

experimental intervention (relative to doing nothing) on participants’ pro-social 

behaviour. 

Definition 2: Behavioural spillovers as a correlation between experimentally 

induced changes in pro-environmental behaviour and its subsequent pro-social 

behaviour. 

Definition 3: Behavioural spillovers as a change in pro-social behaviour caused 

by changes in pro-environmental behaviour (due to behavioural interventions).  

The identification strategy for estimating the indirect effects to test for hypothesis H3 is 

summarised in Table 3.  

Behavioural Spillover Regression Technique(s) 

Definition 1 Ordinary Least Squares Regression: 

Model 1: (Charitable Donation) i = α + β (Treatment)i + εi 

Model 2: (Charitable Donation) i = α + β (Treatment)i + δ (Covariates)i + εi 

Definition 2 Karl Pearson’s Correlation Analysis:  
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ρ pro-environmental, pro-social=
𝐶𝑜𝑣 (𝑑𝑒𝑚𝑒𝑎𝑛𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠,𝑐ℎ𝑎𝑟𝑖𝑡𝑎𝑏𝑙𝑒 𝑑𝑜𝑛𝑎𝑡𝑖𝑜𝑛𝑠)

𝑠𝑑(𝑑𝑒𝑚𝑒𝑎𝑛𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠)∗𝑠𝑑(𝑐ℎ𝑎𝑟𝑖𝑡𝑎𝑏𝑙𝑒 𝑑𝑜𝑛𝑎𝑡𝑖𝑜𝑛𝑠)
 

 

Definition 3 Two stage least square regressions (IV approach) * 

Dependant variable: Charitable Donation 

Independent variable: Demeaned emissions 

Instrumental variable: Treatment assignment  

 

Stage 1: (Demeaned Emissions) i = π1 + π2 (Treatment)i + εi1 

Stage 2: (Charitable Donation) i = α + β (Stage 1 predicted demeaned emissions) i + εi2 

*For robustness, we re-run controlling for the covariates. 

  

Table 3 

4.3.2.3. Heterogeneity 

I evaluate heterogeneity in average treatment effects in testing hypothesis H4. To this aim, 

I add interaction effects to the model specification (2) as follows: 

(GHGe)i = α + β (Treatment)i + δ (Covariate)i + γ (Treatment * Covariate)i + εi  (2) 

As a robustness check, I follow Hainmueller, Mummolo and Xu (2019) in assessing the validity of 

the linear interaction effect assumption by using a binning strategy for these interacting variables. 

All results stand corrected of multiple hypotheses correction (see Annex VI). 

5. Results 

5.1. Descriptive Statistics 

I follow Hadi (1994) in detecting 65 outliers by the age of participants and in their time 

taken to complete the survey. I remove these outliers and retain 2,994 participants in the sample 

for further analysis10; of these, 2,485 (~83%) participants are residents of the United Kingdom, 

while the remaining 509 (~17%) are non-residents. Table 4 below shows the number of 

participants in each treatment arm. 

 Raw 
Freq. 

Adj 
Freq. 

Percent Cum. 

 
10 I include all 2994 participants to test all hypotheses. Nonetheless, I perform robustness checks by restricting 
the analysis to the UK sample only.  
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Control (C) 307 298 9.95 9.95 
Think: Pledge (P) 304 303 10.12 20.07 
Motivational Boost: Implementation Intentions (II) 308 299 9.99 30.06 
Non-Motivation Boost: Quick Rules (QR) 310 302 10.09 40.15 
Nudge: Default (D) 309 300 10.02 50.17 
Sequential Nudge Plus: Pledge + Default (PD) 307 300 10.02 60.19 
Sequential Nudge Plus: Default + Pledge (DP) 308 298 9.95 70.14 
Simultaneous Nudge Plus: Default with Information (DI) 306 298 9.95 80.09 
Nudge: Traffic Lights (LT) 307 300 10.02 90.11 
Simultaneous Nudge Plus: Traffic Lights with Information (TLI) 308 296 9.89 100.00 

Total 3074 2994 100.00 

 
Table 4: Sampling sizes in treatment groups 

 

The sample consists of young adults with a mean age of 29 years (σ=10.75). It is well-

balanced in gender with 52 percent male and 46 percent female representation. More than a half 

of the participants are in full- or part-time employment, and 44 percent of them are students. I 

recruit only English-speaking participants, with 29 percent of them self-reporting English as their 

first language. Furthermore, all participants are well-educated with only 1 percent having primary 

education as their highest qualification. The sample is pre-dominantly white in ethnic origin, and 

85 percent of them have religious affiliations.  

The average greenhouse gas emissions related to the intended dietary choices of 

participants in the sample is 12.29 kgCO2e (σ=20.96). Figure 6 plots the frequency of these 

intended dietary choices grouped into low, medium, and high carbon footprint by the different 

behavioural toolkits. As the figure shows, there is a baseline tendency in sample participants to 

consume poultry, white fish, and pork food items. This mid-level convergence effect is furthered 

by the experimental treatments which can be seen as a shift from high to middle carbon intensive 

foods. These dietary shifts are statistically significant (χ2 statistic = 151.16; p< 0.0001). 
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Figure 6: Frequency of intended dietary choices  

 In terms of contribution to the charities, figure 7(a) shows the density plot of overall 

charitable contributions by participants in the sample. The horizontal axis measures the proportion 

of endowments donated by participants, either in the pre- or post-treatment donation tasks. These 

donations are distributed with three clear peaks: participants are likely to donate nothing, half their 

endowments or mostly everything. On an average, less are likely to donate more. Altruistic people, 

those who donate in the pre-treatment task, are more likely (ρ=0.495; Bon-Ferroni corrected 

p<0.0001) to donate in the post-treatment task. Further, figure 7(b) shows the different charities 

chosen by participants to donate their endowments. 29 percent of the sample chose to donate to 

an environmental charity (WWF, Keep Britain Tidy, Greenpeace, PETA, and Friends of Earth). 

Annex VIII summarises the descriptive statistics of all co-variates and outcome measures. 
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Figure 7: (a) Density plot of charitable donations (b) Charities chosen for donation. 

5.2. Randomisation Check 

I undertake a balance of means test across all treatment arms to assess the success of the 

randomisation strategy. To this aim, I compare the means for all socio-demographic characteristics 

of participants, by their treatment categories, using parametric (t or F) and non-parametric 

(Kruskal-Wallis) tests. Following this, I generate a propensity score based on these covariates; and 

do a pair-wise mean comparison of these propensity scores. I also repeat the Kruskal-Wallis test 

using the propensity score generated.  
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Figure 8: Estimated propensity score based on socio-demographic characteristics across 

experimental vignettes 

Annex IX reports statistics from the balance of mean tests for these socio-demographic 

covariates. In comparing the propensity score (by means or rank), I find no statistical difference 

in propensity scores between the treatment and control group, except for a chance error of 0.08. 

This is also shown in figure 8. It plots the kernel densities of the propensity scores across different 

experimental vignettes which tend to overlap each other. 

5.3. Ex-post power analysis 

Table 5 reports the effect sizes of the nine experimental vignettes relative to the ‘do-

nothing’ control group. These experimental vignettes are typified into their broader behavioural 

toolkits, namely in the categories of a nudge, think, boost and nudge plus. The effects sizes are 

estimated using a random effects model specification following a rectified maximum likelihood 

estimation method (Raudenbush, 2009). I estimate the Cohen’s d for these interventions, either 

individually, by their specific experimental vignette; or jointly, grouped into the behavioural toolkit. 

To account for the multiple hypotheses and outcomes, I further adjust these effect sizes using a 

Bon-Ferroni technique. Table 5 also shows the ranking among these vignettes based on their 

effectiveness.  
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Table 5: Effect sizes of experimental vignettes relative to the control group 

The effect size of these experimental vignettes in the 9 treatment categories ranges from 

0.27 (for quick rules) to 0.83 (pledge followed by a default). As such, the analysis is sufficiently 

powered, in that I achieve a minimum detectable effect size greater than 0.25, as anticipated apriori 

in sampling size estimation. Furthermore, six of the planned experimental vignettes exhibit a mid-

to-high range effectiveness in reducing the intended choice of carbon-intensive foods when 

compared to the control group. Additionally, when grouped by behavioural toolkits, I find an 

unambiguous ranking among the toolkits: the nudge plus has the highest effectiveness in reducing 

the intended choice of carbon-intensive foods. In decreasing order of effectiveness, these are then 

followed by thinks, boosts, and nudges. All nudge plus vignettes, when compared to the control 

group, are consistently more effective than their stand-alone nudge counterparts. Of all the 

experimental vignettes administered, a two-part sequential nudge plus, where the offer to pledge 

precedes the opt-out default is the most effective. This is followed by the two-part simultaneous 

nudge plus: where the sustainable default is combined with an information disclosure; and the 

think: the active mechanism design. The three least effective interventions, ranked as most 

ineffective to least ineffective, include quick rules and traffic lights, either provided as a nudge, or 

combined with the informational disclosure.  

Intervention 
Class 

Intervention 
Type 

Effect Size 
Cohen’s d 

Effect Size Rank 
(Highest to 

Lowest) 

by type by class by Type  by Class 

(0.05% LS)  (0.05% LS)   

Think Pledge 0.62 
(0.38,0.85) 

0.62 
(0.38,0.85) 

3 2 

Boost Implementation Intention 0.60 
(0.36, 0.83) 

0.44  
(0.24,0.65) 

 

4 3 

Quick Rules 0.27 
(0.04,0.50) 

9 

Nudge Default 0.51 
(0.27, 0.74) 

0.43 
(0.23,0.63) 

6 4 

Traffic Lights 0.32 
(0.09,0.55) 

8 

Nudge Plus Pledge + Default 0.83 
(0.59, 1.01) 

0.67 
(0.48,0.85) 

1 1 

Default + Pledge 0.57 
(0.33,0.80) 

5 

Default with information 0.64 
(0.4,0.87) 

2 

Traffic Lights with information 0.34 
(0.10,0.57) 

7 
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5.4. Regression Analysis 

 

5.4.1. Direct Effects 

Hypothesis 1: Do all behavioural toolkits reduce the choice of carbon-intensive foods? 

In evaluating H1, table 6 presents findings11 from a multiple linear regression analysis with 

robust standard errors using GHGe as the outcome measure. Models 1-2 correspond to the 

specifications 1-2 outlined in section 4.3.2. Model SpecificationsHere, Col 1 represents a simple 

linear regression of intended greenhouse gas emissions on the treatment indicator. Similarly, Col 

2 reports findings when I control for all the covariates listed in Table 3 (for full specification, 

please refer to Annex X).  

Col 1 shows the difference in GHGe associated with intended dietary choices of 

participants in each of the nine experimental vignettes when compared to the control group. These 

reductions in GHGe from intended choices are statistically significant at 0.01 percent level of 

significance. A nudge plus experimental vignette that presents participants with the offer to pledge 

to a sustainable diet before easing compliance with the default menu delivers the highest intended 

reduction in carbon emissions. More precisely, compared to a respondent in the control group, it 

reduces emissions by 17.8 kgCO2e (σ=1.76) for every intended kilo of the food consumed, on an 

average. The same default when combined with an information disclosure that outlines the design 

of the default nudge, offers the next best reduction in intended carbon emissions (β=-14.6817.8 

kgCO2e/kg; σ=1.89). A stand-alone reflective device, like the pledge to commit to a sustainable 

diet; or, an implementation intention, where the offer to pledge is followed through with ‘if-then’ 

goal plans, offers an intended reduction in carbon emissions of an order of similar magnitude.  

 
11 I test for normality of the errors and the assumption of homoscedasticity for reliability of the parametric t-tests. 

The error variances are unequal (Breusch Pagan χ2=290.74; p<0.001) and are not normally distributed (Swilk z=16.67; 

p<0.001). As such, I also perform a Kruskal-Wallis test to assess the mean difference in greenhouse gas emissions 

across the behavioural interventions. This returns a χ2=175.09 and a corresponding p<0.001, indicating that the 

pairwise difference in the GHGe between the treatment categories and the control group is significant. The estimated 

coefficients listed under the column Model1 are also identical to the estimated pairwise mean differences with a 

Bonferroni correction, between the treatments vis-à-vis the control group, using a pair-wise means (t-) test.  
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Variable Label Type Col 1    Col 2    

  Estimated β (σ) 

Treatment Control Group Baseline  

Pledge (Think) -14.43*** -14.4*** 

 1.92 2.01 
Implementation Intention (Boost) -14.03*** -15.03*** 
 1.92 1.94 
Quick Rules (Boost) -7.17*** -8.35*** 

 2.14 2.17 
Default (Nudge) -12.38*** -12.82*** 
 2.01 2.07 
Pledge + Default (Nudge Plus) -17.81*** -18.45*** 

 1.76 1.85 
Default + Pledge (Nudge Plus) -13.515*** -14.29*** 
 1.95 2.00 
Default with One Liner (Nudge Plus) -14.68*** -14.39*** 

 1.89 1.97 
Traffic Lights (Nudge) -8.31*** -8.63*** 
 2.12 2.17 
Traffic Lights with Information (Nudge Plus) -8.70*** -10.11*** 

  2.12 2.13 

Controls NO YES 

Total observations 2994    2915    
Degrees of Freedom 2984 2690   
R-squared 0.054    0.183    

p<0.05; ** p<0.01; *** p<0.001 

Table 6: Linear Regression Model for Hypothesis 1 

The intended reduction in carbon emissions corresponding to nudge plus, compared to 

the control group, is always greater than their stand-alone nudge counterparts (default or traffic 

lights). The reductions in intended carbon emissions delivered by the nudge plus vignettes is 

determined by the ordering of the reflection to the nudge; for instance, any intended reduction in 

emissions is attenuated when the offer to pledge to a sustainable diet is offered after the respondent 

has seen the opt-out default menu. It also depends on the strength of the reflection embedded in 

the plus; for instance, simply enabling an individual to reflect on design of the opt-out default is 

not as effective as giving them a choice to evaluate their decisions in committing to the pledge to 

consume sustainably. Non-motivational boosts like quick rules offer the least intended reduction 

in carbon emissions (β=-7.17 kgCO2e/kg; σ=2.14). These results are not affected by any difference 

in engagement times in the experimental vignettes. I also do not find any statistically significant 

differences in engagement times by treatment categories (for results, see Annex X) 
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Controlling for the covariates, the results are consistent and robust as indicated by Col 2. 

The estimated average treatment effects: and the ordering of the effectiveness of these 

interventions, as measured against the control group remains unchanged. All average treatment 

effects are highly significant at 0.01 percent level of significance. However, controlling for these 

covariates presents us with a greater fit of the model as indicated by an increase in the R2 statistic 

to 18 percent. Amongst these covariates, I find a significant correlation between one’s self-

reported dietary style and their intended choice of a carbon-intensive food item; such that 

participants with vegetarian diets are associated with choosing low emission intensity items, relative 

to those following balanced or flexitarian diets. Individuals who eat more healthily than others, or 

have stronger pro-environmental beliefs are also more likely to reduce to reduce their emissions. 

Finally, I find that subjects who have self-reported an increase in their purchasing power (or, 

income) due to the outbreak of the coronavirus are more likely, on an average, to consume foods 

that are emission intensive.  

 

Figure 9: Reductions in Greenhouse gas emissions from intended dietary choices across different 

experimental vignettes 

Hypothesis 2: Are nudge plus interventions more effective than its standalone nudge or think (or, boost) counterparts? 
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To test for hypothesis H2, I compare the effectiveness of nudge plus vignettes relative to nudges, 

thinks and boosts in reducing the intended choice of carbon-intensive foods. Table 7 presents 

these findings in testing the mean differences in intended greenhouse gas emissions corresponding 

to these experimental vignettes. First, I test the default, and the traffic lights nudge against its 

nudge plus vignettes. The results show that while all nudge plus vignettes reduce intended 

emissions compared to its standalone nudge counterparts; it is only when the offer to pledge 

precedes the default, that the reduction in intended average greenhouse gas emissions is statistically 

significant. Then, I compare the nudge plus vignette to its standalone thinks (H2b), the reflective 

component of the hybrid nudge plus set-up. I find that the order of combining the think with a 

nudge determines the effectiveness of the hybrid nudge vignette; once again, when the pledge 

precedes the default nudge, the intended reduction in mean emissions is statistically significant. 

Nonetheless, if this order of combination is reversed, not only is the effect size attenuated (and 

reversed in direction), but also is statistically insignificant.  

Next, I compare the nudge plus vignette to the boosts (H3b). First, I compare the motivational 

boost: implementation intentions, against the two sequential nudge-plus vignettes, namely when 

the default is made proximate to the offer to pledge. The findings repeat, as I show that it is only 

when the pledge precedes a default that the effect of the nudge plus is statistically stronger than 

the implementation intentions. When this nudge plus is reversed in its order of set-up, its effect 

size is attenuated and loses statistical significance. Thereafter, I compare the uncertainty 

management boost, quick rules, against the two-part simultaneous nudges: the default and traffic 

lights combined with additional information disclosures. While both nudge plus vignettes reduce 

the greenhouse gas emissions relative to the quick rules, only the effect of the default vignette is 

statistically significant.  

Finally, I compare the nudge plus vignettes against each other, pegged in increasing order of the 

magnitude of reflection as embedded in the plus. This can be seen with the nudge plus vignettes 

related to the default; for instance, in its simultaneous form, the default is combined with an 

informational disclosure which prompts participants to think about the design of the default. 

However, in its sequential form, the nudge is preceded or followed by a pledge. The reflection 

involved in the latter is stronger. The results show that increasing the magnitude of reflection is 

more effective in reducing intended greenhouse gas emissions through the choice of less carbon-

intensive foods. Nonetheless, I find once again, that this is contingent on the order of combination 

of this reflection (the ‘plus’) with the nudge. The stronger plus works only when it precedes the 

nudge, as can be seen with the pledge being administered before the default. When this pledge is 



 32 

made available afterwards, the increasing magnitude of reflective is ineffective. I also run multiple 

linear regressions for these comparisons controlling for the different covariates along model 

specification (2). These results remain unchanged and are shown in Table A.3. 

Hypothesis Intervention 
Category 1 

Intervention Category 2 t-test (μ, σ) Mann-
Whitney 
Test 

H2a: No difference in 
GHGe between nudge 
plus and nudge 
interventions 

Nudge: 
Default  

Nudge plus: Default with 
information 

μ= -2.3; σ=1.5 
p=0.062 (single) 

z=-0.37; 
p=0.715 

Nudge plus: Pledge + 
Default 

μ= 5.42; σ=1.33 
p<0.001 (single) 

z=3.97; 
p=0.001 

Nudge plus: Default + 
Pledge  

μ= 1.14; σ=1.56 
p=0.234 (single) 

z=-0.09; 
p=0.929 

Nudge: Traffic 
Lights 

Nudge plus: Traffic Lights 
with information 

μ= 0.39; σ=1.89 
p=0.419 (single) 

z=0.88; 
p=0.379 

H2b: No difference in 
GHGe between nudge 
plus and think 
interventions 

Think: Pledge Nudge plus: Pledge + 
Default 

μ=3.38; σ=1.19 
p=0.002 (single) 

z=3.257; 
p=0.0011 

Nudge plus: Default + 
Pledge 

μ=-0.911; σ=1.45 
p=0.736 (single) 

z=-0.777; 
p=0.437 

H2(d): No difference 
in GHGe between a 
two-part sequential 
nudge plus and 
motivational boost 
interventions  

Boost: 
Implementation 
Intentions  

Nudge plus: Pledge + 
Default 

μ= 3.78; σ=1.197 
p=0.0008 
(double) 

z=-3.379; 
p=0.0002 

Nudge plus: Default + 
Pledge 

μ= -0.515; σ=1.46 
p=0.638 (double) 

z=-0.297; 
p=0.766 

H2(c): No difference 
in GHGe between a 
two-part simultaneous 
nudge plus and 
uncertainty 
management boost 
interventions 

Boost: Quick 
Rules 

Nudge plus: Default with 
information 

μ= 7.51; σ=1.67 
p<0.0001 
(double) 

z=2.165; 
p=0.0304 

Nudge plus: Traffic Lights 
with information 

μ= 1.54; σ=1.93 
p=0.4265 (double) 

z=-1.099; 
p=0.2719 

H2e: No difference in 
GHGe between 
different variants of 
nudge plus 

Nudge plus: 
Default with 
information 

Nudge plus: Pledge + 
Default 

μ= 3.13; σ=1.14 
p=0.006 (double) 

z=-4.665; 
p<0.0001 

Nudge plus: Default + 
Pledge 

μ= -1.16; σ=1.41 
p=0.4104 (double) 

z=-0.259; 
p<0.7957 

Note: μ=GHGe main in Intervention Category (1-2) 

Table 7: Mean difference in GHGe between intervention classes 

5.4.2. Indirect Effects 

 

Hypothesis 3: Do these experimental vignettes lead to any behavioural spillovers? 
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In this section, I follow the estimation strategy outlined in Table 3 to assess any behavioural 

spillovers. My findings, in evaluating the different definitions of behavioural spillovers summarised 

below. 

Definition 1: Behavioural spillovers as the direct causal effect of any experimental intervention 

(relative to doing nothing) on participants’ pro-social behaviour. 

I estimate the direct effect of the behavioural intervention on participant’s charitable 

donations using ordinary least squares regression. Figure 10 shows the mean charitable 

contributions in these treatment categories. We do not find any statistical difference in the average 

contributions across any of the nine experimental vignettes when compared to the control group 

of participants. These findings are robust, controlling for demographic characteristics, socio-

economic preferences, and attitudes and beliefs of participants.  

 

Figure 3: Average charitable donations by intervention type. 

Next, I collapse all invidual treatment categories into their broader behavioural toolkits 

and re-run the regression specification with inverse probability weighting to account for any 

differences in sampling. I do not find any significant differences in contributions. Finally, I also 

test if errors are homoscedastic (Breusch & Pagan, 1979) and normally distributed (Shapiro & 

Wilk, 1965). Consequently, I assess differences in sample means of donations, either by treatment 

type or class, using non-parametric (Kruskal-Wallis) tests. I do not find evidence of any 
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behavioural spillovers in these alternate specifications. All regression tables and robustness checks 

are provided in Annex XII. 

Definition 2: Behavioural spillovers as a correlation between experimentally induced changes in 

pro-environmental behaviour and its subsequent pro-social behaviour. 

In its second definition, I assess behavioural spillovers as a correlation between dietary 

emissions corresponding to respondent’s intended dietary choices and their charitable donations. 

To this aim, I demean individual intended emissions in all experimental by average emissions in 

the control group. As such, a negative correlation between the demeaned emissions and charitable 

donations will indicate a positive behavioural spillover. Using bon-ferroni corrections, I find no 

evidence of behavioural spillovers at 1 (or 5) percent level of significance. However, at a 10 percent 

level of significance, positive spillovers are found for the think, the nudge: traffic lighting scheme 

and the nudge plus: offer to pledge followed by the sustainable default. For robustness, I categorise 

these experimental vignettes by their toolkits and repeat the correlational analysis. Only the think 

vignette positively spillovers to increased donations. Annex XII outlines these correlations at 10 

percent LS. 

Definition 3: Behavioural spillovers as a change in pro-social behaviour caused by changes in pro-

environmental behaviour (due to behavioural interventions).  

In its third definition, I measure the causal impact of an experimentally induced change in 

the intended pro-environmental behaviour (caused by the behavioural interventions) on 

participants’ pro-social behaviour. While changes in pro-environmental behaviours are found to 

be correlated with pro-social behaviours (definition 2), they are not causal because of endogeneity 

concerns. To overcome this, I use a two-stage least square regression: I instrument the demeaned 

emissions, using the initial random assignment to treatment categories, in the first stage. Since the 

initial allocation is randomised, it meets the standard assumptions of a valid instrument, in that, 

the treatment indicator has a causal effect on dietary emissions (instrument relevance), and it is 

exogeneous, as it is theorised to affect pro-social behaviour (behaviour 2) only via changes in pro-

environmental behaviour (exclusion criteria). Annex XII outlines this two-stage regression, 

including the first stage F-test and Sargan test statistics. I do not find any causal impact of changes 

in intended pro-environmental behaviour, instrumented by the treatment assignment, on the pro-

social behaviour. 

5.4.3. Heterogeneity 
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Hypothesis 4: Do different people respond differently to the experimental vignettes? 

I first evaluate if different motivation levels affect the uptake of the reflective toolkits. In 

this, I compare the following three experimental vignettes: a sequential nudge plus, where the offer 

to pledge precedes the default; the think; and the motivation boost: implementation intentions. I 

find that stated intentions to consume sustainably12 moderates the average treatment effects these 

treatments when participants conform to the pledge (See Figure 4a). 

 

Figure 4a: Heterogeneity in ATE of Nudge Plus by motivation levels 

These results are discussed further in Annex XI. Then, I assess if participants’ self-reported levels 

of control over their life decisions are affected by reflective interventions. To do this, I rely on 

participants self-reported beliefs on control over their life-decisions, using a 5-point Likert-scale, 

pre- and post-treatment. Using these responses, I find that difference in perceived self-control 

does not vary across the treatment categories. There are also no statistical differences in the average 

treatment effects of these treatments by the participants’ prior mood. Nonetheless, I find 

exploratory evidence of heterogeneity in average treatment effects by the dietary style of the 

participants; in that, the interventions are significantly more effective in participants who self-

 
12 We do not find any evidence for the presence of moral spillovers effects. Thus, temporal incoherence in intentions, 
conditional or unconditional on the offer of the pledge, do not stimulate bad (carbon-intensive) choices from the 
menu. 
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report consuming a balanced diet (see Figure 4b). This heterogeneity is also visible amongst 

flexitarians in a few (but not all) experimental vignettes. 

 

Figure 4a: Heterogeneity in ATE of treatments by self-reported dietary styles 

6. Discussion and Conclusion 

In this paper, I evaluate randomly four different behavioural toolkits, namely nudge, think, 

boost, and nudge plus in reducing the intended consumption of carbon-intensive foods. These 

toolkits present us with different ways of signalling citizens towards good behaviours. Nonetheless, 

they differ in their cognitive demand on them. In that, thinks are purely reflective and require the 

greatest cognitive engagement. They are followed by nudge pluses, which embed reflection into 

the nudge; and boosts which teach citizens to update their heuristics and improve their 

competencies. On this spectrum, nudges require the least amount of cognitive effort. This also 

speaks to the application of these toolkits; for example, nudges are widely prescribed because they 

are cost-effective (Benartzi et al., 2017). Nonetheless, as I discussed, they can fail to deliver long-

lasting changes. Contrarily, the use of reflective engagement strategies has been limited in public 

policy because they are hard to scale-up (John and Stoker, 2011; John et al., 2019).  
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We, therefore, have a problem. Nudge policies that are practical might be inconsequential 

to collective action problems like climate change, whereas thinks might be unscalable but deserve 

merit in solving these bigger issues. Can we, therefore, reach a middle ground, one where we can 

harness the benefits of the nudge, but step it up with cognitive engagement of thinks, like a choice 

architecture 2.0? As I show in this paper, nudge pluses can deliver this with easy-to-administer 

modifications to nudges, at no increased cognitive costs to citizens. In this case, nudge pluses have 

led to more effective pro-environmental behaviours. In this way, reflection becomes key in 

stepping up in our fight against climate change by mitigating dietary emissions. We stand to 

significantly gain by embedding reflection into heuristically driven tools, applications of which can 

go beyond environmental domains. This is also in line with my predictions (Banerjee and John, 

2021) for nudge plus: a ‘sophisticated model of cognition’ to increase the effectiveness of heuristic 

interventions by enabling citizens to think slowly about them. 

To this claim, my findings are summarised here: I find that while all behavioural toolkits 

sustainably alter dietary patterns, compared to the control group; nudges that embed reflection 

have a clear advantage over their heuristically driven counterparts. In fact, when typified by class, 

nudges have the lowest effectiveness in reducing the intended consumption of carbon-intensive 

items. Even purely deliberative tools like thinks, which fare better than nudges, do not offer the 

highest reduction in greenhouse gas emission from intended dietary choices. Thus, while purely 

deliberative thinks have its gains to deliver, they suffer from an excessive cognitive burden. Nudge 

pluses offer 59 percent intended reductions in emissions, compared to control group. This is 14 

percentage points greater than the nudge and boost interventions.  

I find the effectiveness of nudge plus depends on the ordering of the reflective plus to the 

nudge; for instance, in this paper, I have shown that when compared to the baseline, the nudge 

pluses offer a greater reduction in intended greenhouse gases than its corresponding nudges only 

when the thinking precedes the delivery of the nudge. A detailed exposition of this was provided 

in Table 7. A primary justification for this can be based on the mechanistic design of these 

instruments: it is easier to engage the brain to reflect before tapping into its biases. As such, when 

the opportunity to pledge is provided before the default, or when an informational signal prompts 

the receiver to think about the design of the default or traffic lights, it improves the uptake of the 

nudge. Nonetheless, if this reflection comes afterwards, citizens find it harder to transform their 

behaviours, since it involves revisiting one’s choice made earlier which can impose significant 

cognitive costs. I also find that the effectiveness of the nudge depends on the strength of the 

reflection embedded in the plus. Consider the nudge plus variant, where the plus embodies a 
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simple informational disclosure about the design of the opt-out default. While such a signal enables 

the receiver to think more clearly about their decision frame, it does not prompt any reflection on 

their intrinsic preferences. On the contrary, when the plus involves the opportunity to commit, 

which enables the receiver to ‘think through what is involved’ (Banerjee & John, 2021) in 

committing to a desired course of behaviour. The gains of reflection, however, are attenuated by 

the ordering effects. In addition to these direct effects, I further find that effects of these 

behavioural interventions vary by characteristics of the participants; for example, these behavioural 

toolkits are significantly more effective on citizens with balanced diets. Further, if citizens are 

already motivated to do the right thing, accepting the offer to pledge to sustainable diets reduces 

the effectiveness of the nudge plus. I do not find any significant differences in engagement times 

with the different toolkits or any changes in perceived self-control. There are no significant 

negative spillover effects. 

Nonetheless, I highlight a few limitations of my findings here: I measure self-reported, 

intended behaviours, which do not always completely translate into actual behaviours. As such, we 

should anticipate reduced effectiveness of these toolkits while replicating the experiment with 

actual behaviours: for details on these bounds, please see Ajzen & Fishbein (1980), Fishbein & 

Ajzen (1975),  Ajzen (1985, 1991), Adriaanse et al., (2011) and Bélanger-Gravel et al., (2011). 

Further, while my experimental evaluation is powered to detect changes in behaviours driven by 

these toolkits with respect to the control group, some finer effects between these behavioural 

toolkits have been missed. As such, I call for more experimental tests comparing the sequencing 

effects of nudge pluses, and what factors mediate these effects. Finally, these results must be 

externally validated in the field and in different behavioural domains for robustness. Studies that 

measure the temporality of these interventions in effectuating behaviour change must be designed.  

  

https://link.springer.com/referenceworkentry/10.1007%2F978-1-4419-1005-9_1619
https://link.springer.com/referenceworkentry/10.1007%2F978-1-4419-1005-9_1619
https://link.springer.com/referenceworkentry/10.1007%2F978-1-4419-1005-9_1619
https://link.springer.com/referenceworkentry/10.1007%2F978-1-4419-1005-9_1619
https://www.sciencedirect.com/science/article/pii/S0195666310005325
https://www.tandfonline.com/doi/full/10.1080/17437199.2011.560095
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Annex I 
Table 1. Conceptual Underpinnings of different behavioural policies.  
Source: Banerjee (2021, p24) 
 

 
Note: Columns 1 and 3 as adopted from Hertwig and Grune-Yanoff (Table 1, p16, 2016; Table 
1, p2, 2017). 
  

Dimension Classic nudge Nudge Plus Boosts 

Psychological 
Paradigm 

Heuristics and 
Biases 

Heuristics and Biases Simple Heuristics 

Cognitive 
Structure 

Dual Process 
Theory 

Dual Process Theory Malleable cognitive 
structure 

Reversibility Reversible Persistent effects Persistent effects 

Opacity Usually opaque Transparent with the 
plus element 

Completely transparent 

Autonomy Reduced 
autonomy and 
agency 

Autonomy comes with 
the plus element 

Complete autonomy 

Bias Awareness 
and Control 

No Awareness and 
Control 

Control given with the 
plus element 

Agent is aware and in 
control of the biases 

Social planner’s 
information 
about end 
goals and 
benevolence 

Social planner is 
assumed to be 
benevolent and 
aware of end goals 

Social planner must be 
aware of end goals, 
but decision is left to 
the agent. Can be rent 
seeking 

No need for social 
planner to be aware of 
the goals. Social planner 
can be rent seeking 

    

Cognitive error 
of social 
planner 

Must not be error 
prone 

Can be error prone Can be error prone 

    

Motivation and 
competence of 
decision maker 

Not required. The 
decision maker is a 
cognitive cripple 

The decision maker 
must be competent 
and motivated to act. 

The decision maker must 
be competent and 
motivated to act. 
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Annex II 

Table 2. A narrative review of studies evaluating behavioural spillovers (1995-2021) 

Selection Criteria: These studies are identified on Scopus using four key words (or phrases), namely {Behavioural Spillover}, {Behavioral Spillover}, {Pro-

environmental Spillover) and/or {Pro-social Spillover} for the period 1995-2021. Our search returned 67 studies in total, of which 37 studies were empirically 

relevant to the narrative review. They can be broadly classified into five behavioural domains, namely, pro-environmental (27), pro-social (7), health (1), 

consumer decisions (1) and strategic moves (1). These studies employed a wide range of empirical/ methodological frameworks; for instance, while 

most studies (quasi-) experimentally evaluated behavioural spillovers, with clearly identified direct and indirect behaviours, others used descriptive or 

qualitative methods.  

Sr. 
No. 

Authors (year) Domain Pre-registered N Framework 
Outcome Variable 
Direct and Indirect 

Summary Finding(s) 

1. Liu et al., (2021) Pro-environmental 
behaviour 

Not reported 150 
households in 
Singapore 

Experimental 
Evaluation 

D: Electricity Saving 
I: Water Saving 

1. (+) Behavioural spillover 
for self-goal.  
2. Null effects for other 
treatments. 
3. Monetary rewards do not 
lead to negative spillovers. 

2. Alacevich et al., (2021) Pro-environmental 
behaviour 

Not reported 4324 
households 
with 270,475 
household-
month 
observations 
in 
Swedish 
municipalities 

Quasi-
experimental 
evaluation 

D: Waste Sorting 
I: Waste Reduction 

1. (+) Behavioural spillover  
2. The spillover effect 
decreased over time. 
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3.  Truelove and Nugent 
(2020) 

Pro-environmental 
behaviour 

Yes. H5 not 
pre-registered. 

337 
participants 
assessed over 
three periods. 

Experimental 
evaluation  

D: Straw Usage 
I: Pro-environmental 
behaviours and policy 
support 

1. (+) Behavioural spillover  
2. The spillover effect is not 
mediated by guilt. 

4.  Wang et al., (2020) Pro-environmental 
behaviour 

Not reported 688 rural 
households 
from Shaanxi 
Province in 
western 
China 

Quasi-
experimental 
evaluation (psm) 

D: Waste Sorting 
I: Green Consumption 

1. (+) Behavioural spillover 

5. Wolstenholme et al., 
(2020) 

Pro-environmental 
behaviour 

Not reported 320 students 
in the United 
Kingdom 

Experimental 
evaluation 

D: Meat consumption 
I: 10 pro-environmental 
behaviours and pro-
environmental identity 

1. (Mixed evidence) 
Behavioural spillover. 
2. No change in pro-
environmental identity. 

6.  Arias and Trujillo (2020) Pro-environmental 
behaviour 

Not reported 1286 
consumers in 
Colombia. 

Mediation 
analysis 

Effect: Recycling 
behaviour 
Cause: Perceived 
consumer effectiveness 
Mediator: Use of re-usable 
shopping bags. 

1. (+) Behavioural spillovers. 

7. Henn et al., (2020) Pro-environmental 
behaviour 

Not reported 2 studies; 
N1=779 (year 
2001), 
N2=2317 
(year 2010) 
individuals in 
Germany 

Survey analysis I: Latent change in pro-
environmental attitudes. 

1. (+) Behavioural spillovers. 
2. Individual environmental 
attitude and specific 
behavioural costs predict 
spillover. 

8.  Carlsson et al., (2020) Pro-environmental 
behaviour 

Not reported 1311 
households in 
Colombia 

Experimental 
evaluation 

D: Water Consumption 
I: Electricity Consumption 

1. (+) Behavioural spillovers. 

9. Brügger and Höchli 
(2019) 

Pro-environmental 
behaviour 

Not reported Two studies: 
N1=378, 

Experimental 
evaluation 

D/I: Environmental/ 
Health behaviours 

1. Attitude strength has 
limited strength in 
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N2=929 
participants 

moderating behavioural 
spillovers. 

10. Maki et al., (2019) Pro-environmental 
behaviour 

Yes 22 studies Meta-analysis Pro-environmental 
behaviours 

1. (+) Behavioural spillover 
on intention to act. 
2. (-) Behavioural spillover on 
actual behaviours. 

11. Penz et al., (2019) Pro-environmental 
behaviour 

Not reported Three 
studies: 
N1=281, 
N2=195, 
N3=164 
individuals in 
Australia 
(convenience 
sample) 

Experimental 
evaluation 

D: Food/Transport 
I: Food/Transport 

1. (+) Behavioural spillovers. 
2. Occurs regardless of the 
ease/difficulty of task and/or 
awareness of the situation. 

12.  Nash et al., (2019) Pro-environmental 
behaviour 

Not reported 96 individuals Qualitative 
analysis of semi-
structured 
interviews 

Pro-environmental 
behaviours 

1. Half the sample recalled 
spillovers.  
2. They were heterogenous by 
culture, engagement with pro-
environmental values. 
3. Accounts of spillovers 
mostly emerged from 
domains of mainly 
comprising waste, resource 
conservation and 
consumption-related actions. 

13. Elf et al., (2019) Pro-environmental 
behaviour 

Not reported 251 
individuals 

Mixed methods. 
Quasi-
experimental 
evaluation. 

Pro-environmental 
behaviours 

1. (+) Behavioural spillover. 
2. Not linked to 
environmental identity. 

14. Xu et al., (2018) Pro-environmental 
behaviour 

Not reported 195 
households 

Quasi-
experimental 
evaluation. 

D: Waste separation 
I: 25 pro-environmental 
behaviours. 

1. (+) Behavioural spillovers. 
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15. Carrico et al., (2018) Pro-environmental 
behaviour 

Not reported 481 
individuals 

Experimental 
evaluation 

D: Meat consumption 
I: Environmental Charity 
donations 

1. (-) Behavioural spillover 
due to health message 
framing. 
2. No evidence of positive 
behavioural spillovers. 

16.  Margetts and Kashima 
(2017) 

Pro-environmental 
behaviour 

Not reported Three 
studies: 
N1=158, 
N2=104, 
N3=217 
individuals in 
Australia 
(MTurk) 

Experimental 
evaluation 

D: Green shopping 
I: Green shopping 

1. (+) Behavioural spillovers 
when resources for tasks are 
similar. 
2. Environmental goals do 
not moderate spillover 
effects. 

17. Lauren et al., (2017) Pro-environmental 
behaviour 

Not reported 274 students Experimental 
evaluation 

D: Engagement in 
household behaviours 
I: Pro-environmental 
behaviours. 

1. (+) Behavioural spillovers 
via high past behaviours 
leading to self-identity effects. 

18. Sintov et al., (2017) Pro-environmental 
behaviour 

Not reported 284 
individuals 

Experimental 
evaluation 

D: Composting 
I: Ten pro-environmental 
behaviours 

1. (+) Behavioural spillovers. 

19. Juhl et al., (2017) Pro-environmental 
behaviour 

Not reported 8074 
individuals 

Hidden-Markov 
model 

D: Organic product 
shopping in one category 
I: Organic product 
shopping in other 
categories 

1. (+) Behavioural spillovers. 
2. No moral licensing effects. 

20.  Thomas et al., (2016) Pro-environmental 
behaviour 

Not reported 17, 636 
representative 
individuals in 
United 
Kingdom 

Non-
experimental 
evaluation 

D: Re-use shopping bags 
I: Other pro-
environmental behaviours 

1. (+) Behavioural spillovers 
for 6 pro-environmental 
actions. 
2. Spillovers likely when 
perception of actions is 
similar. 
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21. Steinhorst and Matthies 
(2016) 

Pro-environmental 
behaviour 

Not reported Longitudinal 
study: 333 
individuals (4 
months) and 
258 (9 
months) 

Experimental 
evaluation 

D: Electricity saving 
I: Acceptance of low-
carbon policies 

1. (+) Behavioural spillover 
for environmental framing of 
benefits. 
2. (-) Behavioural spillover for 
monetary framing of benefits. 

22. Truelove et al., (2016) Pro-environmental 
behaviour 

Not reported 283 university 
students  

Experimental 
evaluation 

D: Recycling plastic 
bottles 
I: Support for a green 
fund. 

1. (-) Behavioural spillovers. 
2. Partisan bias moderates 
spillover effects and lowers 
environmental identities. 

23. Steinhorst et al., (2015) Pro-environmental 
behaviour 

Not reported 781 
participants 

Experimental 
evaluation 

D: Energy savings 
I: Pro-environmental 
behaviours 

1. (+) Behavioural spillover 
for environmental framing.  
2. (No change) Behavioural 
spillover for monetary 
framing. 
3. Spillover effects mediated 
by personal norms and self-
efficacy. 

24.  Spence et al., (2014) Pro-environmental 
behaviour 

Not reported Two studies: 
N1=175, 
N2=102 
students 

Experimental 
evaluation 

D: Energy savings 
I: Environmental charity 
donations  

1. (+) Behavioural spillovers. 

25.  Lanzini and Thøgersen 
(2014) 

Pro-environmental 
behaviour 

Not reported 194 students Experimental 
evaluation 

D: Green shopping 
I: Five pro-environmental 
behaviours 

1. (+) Behavioural spillovers. 
2. The monetary incentive 
treatment leads to at least as 
much spillover as the verbal 
praise treatment. 

26. Poortinga et al., (2013) Pro-environmental 
behaviour 

Not reported 500 
participants 
in treatment 
category 

Quasi-
experimental 
evaluation 

D: Re-use shopping 
bags/use own bags 
I: Pro-environmental 
behaviours 

1. (No change) Behavioural 
spillovers. 
2. Changes in pro-
environmental identity. 

27.  Swim and Bloodhart Pro-environmental 
behaviour 

Not reported Two studies; 
N1=?, N2=? 

Experimental 
Evaluation 

D: Anti-environmental 
behaviour 

1. (+) Behavioural spillovers 
in Study 2. 
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I: Pro-environmental 
behaviour 

28. d’Adda et al., (2017) Pro-social behaviour Not reported     

29.  Ghesla et al., (2017) Pro-Social behaviour Not reported 678 
participants 

Experimental 
evaluation 

D/I: Donations to charity 1. (+) Behavioural spillovers. 

30. Krieg and Samek (2017) Pro-Social behaviour Not reported 192 
participants 

Experimental 
evaluation 

D/I: Contributions to 
public goods game. 

1. (+) Behavioural spillovers 
for conditional bonus 
payments. 
2. (-) Behavioural spillovers 
for recognition. 

31.  Lin et al., (2017) Pro-Social behaviour Not reported Two period 
evaluations: 
T1=106, T2= 
95 
participants 

Experimental 
evaluation 

D: Helping colleagues 
I: Helping spouses 

1. (+) Behavioural spillovers 
for participants with high 
pro-social motivation. 
2. Helping colleagues is 
resourceful and demanding. 

32. Savikhin and Sheremeta 
(2012) 

Pro-Social behaviour Not reported 120 university 
students 

Experimental 
evaluation 

D/I: Contributions 
and/or bids in the game 

1. (+) Behavioural spillovers 
as playing cooperative games 
reduced sub-optimal bidding 
in the contest. 
2. No significant change in 
contributions to the 
cooperative game. 

33.  Cason et al., (2012) Pro-Social behaviour Not reported 225 university 
students 

Experimental 
evaluation 

D/I: Contributions in the 
game 

1. (+) Behavioural spillover in 
the sequential game, when 
median influences minimum 
game. 
2. Spillover effects attenuated 
when group composition 
changes. 

34.   Dickinson and Oxoby 
(2011) 

Pro-Social behaviour Not reported Two stage-
game; 86 
participants 

Experimental 
evaluation 

D/I: Minimum acceptable 
offers in the ultimatum 
game 

1. (-) Behavioural spillovers as 
pessimism reduced minimum 
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acceptable offers in the 
ultimatum game. 

35. Marijn Stok et al., (2016) Healthy behaviours Not reported 16 
correlational 
and 17 
experimental 
studies 

Meta-analysis D/I: Healthy eating 
behaviours 

1. (Mixed evidence) 
Behavioural spillovers. N.B. 
Only 3 studies assessed 
spillovers. 

36. Swaminathan et al., 
(2012) 

Consumptive 
behaviours 

Not reported  Panel data 
estimation 

D/I: purchase of products 1. (+) Behavioural spillovers 
evidenced by purchase of 
host brands. 

37.  Bednar et al., (2012) Strategies Not reported 212 university 
students 

Experimental 
evaluation 

D/I: Strategies of playing 
games 

1. Behavioural spillovers 
evidenced. 
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Annex IV 
Food Item CoFID Food 

Group Code 
CoFID Food Type Greenhouse gas 

emissions (GHGe) 
Carbon 
Intensity 

N 

Lentil Linguine Ragu (V) DB Beans and Lentils 0.8 0 10 

Cannelloni (Vg) AD Pasta 1 1 79 

Four Cheese Margherita A Pasta 1 1 160 

Jack Fruit Italian Pasta (V) AD Pasta 1 1 55 

Spaghetti Lentil Ragu (V) AD Pasta 1 1 35 

Supreme Pizza (V) A Pasta 1 1 36 

Aegean Slaw (V) DR Vegetables Dishes 1.6 2 117 

Butternut Squash Salad (V) DR Vegetables Dishes 1.6 2 16 

Harusami Aubergine (V) DR Vegetables Dishes 1.6 2 306 

Inari Taco (Vg) DR Vegetables Dishes 1.6 2 45 

Vegan Meatballs (V) DR Vegetables Dishes 1.6 2 31 

Falafel with Tahini (V) GA Nuts and seeds 2.2 3 13 

Aromatic Duck Rolls MR Duck 5.4 4 403 

Beer battered fish with chips JR White Fish 5.4 4 320 

Butterfly Chicken Burger MR Chicken 5.4 4 140 

Chicken Curry Ramen MR/WAE Chicken 5.4 4 138 

Chicken Katsu Curry MR Chicken 5.4 4 22 

Cured Salmon Sashimi JR White Fish 5.4 4 25 

American Hot Pizza MR Pork 7.9 5 6 

Pepperoni Melt MR Pork 7.9 5 14 

Pork Porchetta MR Pork 7.9 5 31 

Pork Ribs MR Pork 7.9 5 61 

Rustica Chorizo Pizza MI Pork 7.9 5 67 

Wild Boar Polpette MR Pork 7.9 5 47 

Bufala Caprese (Vg) BL Cheese 18.58 6 59 

Cheese Salad (Vg) BL Cheese 18.58 6 19 

Goat’s Cheese Calzone (Vg) BL Cheese 18.58 6 36 

Goat’s Cheese Salad (Vg) BL Cheese 18.58 6 39 
Halloumi Sticks with Mayo 
Avocado Dip (Vg) 

BL Cheese 18.58 6 
63 

Panchetta Carbonara (Vg) BL Cheese 18.58 6 57 

Lamb Meat balls with Spaghetti MR Lamb 64.2 7 40 

Beef Angus Burger MR Beef 68.8 8 100 

Beef Bourguignon MR Beef 68.8 8 84 
Beef Brisket and Venison 
Tagliatelle 

MR Beef 68.8 8 
295 

Slow Cooked Beef in Chianti 
Sauce 

MR Beef 68.8 8 
83 

Steak MR Beef 68.8 8 22 

Table AIV 
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How were menus designed? 

The regular menu is displayed in Figure a. This consisted of 36 main course items, of which 18 

items were vegetarian and non-vegetarian respectively. The menu was drawn up from top 100 

most ordered items in the United Kingdom in the year 2019 (Deliveroo, 2019; Just Eat, 2019) and 

was adapted to meet consumer palatability in the pilot studies. 

 

 

(a) Regular Menu 
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The default menu (see b) was designed by retaining only 18 of the 36 items on the regular menu. 

These 18 items were chosen using the following rule: if the carbon emission intensity of an item 

was less than the average carbon emission intensity of all the items on the regular menu, it was 

deemed to be environmentally sustainable. The nudge plus version of the default menu (see c) 

combined it with an additional information disclosure at the bottom of the menu. 

 

 

(b) Opt-out default (Top) (c) Opt-Out Default with Informational Prompt (Bottom) 
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To construct the menu labelled with the traffic lighting scheme (see Figure d), items on the regular 

were categorised into high, medium, and low emission intensities. To do this, each item o was food 

coded by recipes (see Table AIV above). The emission intensity of each item was determined using 

a carbon emission scale (Scarborough et al., 2014) and corresponded to the lifecycle emissions 

(carbon footprint) associated with the main ingredient of the recipe. Thereafter, the menu 

categorisation was reached by comparing individual item emissions to the mean and median 

emissions of all menu-items. 18 items, with emissions less than the median, were classified to have 

low emission intensity. This included all items with plant proteins, fish, and poultry (chicken, geese, 

turkey or fowls). 6 items, with emissions higher than the median but lower than the mean, were 

classified to have medium emissions intensity. This included all pork items on the menu. Finally, 

12 remaining items, with emissions greater than the mean, were classified to have high emission 

intensity. These items were mainly composed of ruminant meat or dairy products. 

 

 

(d) Traffic Lighting scheme 

  



 57 

The nudge plus, which combined the menu labelled with the traffic lighting scheme with an 

information disclosure is shown in Figure e. This menu had explicit symbols at the bottom of the 

menu which indicated how the menu was labelled. Along with this, participants were explained 

about the colour scheme in text as well as shown underneath the menu.  

 

 

Please note that all items on the menu that will be presented to you have been colour coded to 

indicate their environmental sustainability, where red footprint indicates least environmentally 

sustainable and green footprint indicates most environmentally sustainable. An environmentally 

sustainable diet is one with a low environmental impact. Sustainable food items have low carbon 

emissions associated with their production and consumption.   

(e) Traffic Lighting scheme with information disclosure 
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Annex V 

Our first covariate measures the current mood of participants, indicated by their self-reported 

levels of happiness, calmness, anxiousness, and tiredness. I anticipate that individuals with higher 

levels of anxiety and fatigue will respond more favourably to cognitively easier interventions like 

nudges and quick rules in reducing their intended choice of carbon intensive foods, relative to 

heuristically driven tools. Thereafter, I also measure the pro-environmental beliefs of participants 

as self-reported by their pro-conservation behaviour, using a battery of ten questions in the 

Environmental Attitudes Inventory (Milfont & Duckitt, 2010).  

Then, I measure the overall life satisfaction of participants as self-reported using the standardised 

ONS4 well-being measures. I also measure their self-perceived control over their life-decisions, 

besides their levels of generalised trust and risk aversion. The efficacy of deliberative and reflective 

behavioural instruments, like boosts, thinks and nudge pluses, varies with the information uptake 

capacities of receivers. To account for an individual’s demand for additional information, I 

measure information preferences using an adapted Ho, Hagmann and Loewenstein’s (2020) 

information preference scale. In this, participants were presented with six scenarios spanning over 

two domains: personal health and environmental concerns, in which they could elicit their demand 

for information before responding to it. Participants’ beliefs and scepticism regarding climate 

change were also measured using the Whitmarsh (2011) ‘climate change’ survey questionnaire. 

Finally, as Shreedhar and Mourato (2021) recommend, preferences as measured by surveys could 

be affected by exogeneous shocks, like Covid19; and therefore, surveys must have inbuilt checks 

to control for these exogenous preference shifts. To account for this, I measure participants self-

reported changes to five different socio-economic indicators, including income, defensive health 

expenses, digital media subscriptions, online retail shopping and food deliveries in response to the 

pandemic. 

Since decision-makers have been shown to be myopic and to heavily discount future gains for 

immediate returns (Loewenstein & Prelec, 1992), I control for all participants’ time and risk 

preferences by using their responses to a joint risk and time elicitation task as dietary quality and 

preferences are associated with individual risk preferences (Galizzi & Miraldo, 2017). Participants 

were given the opportunity to win an amazon voucher (1 in 300) equivalent to the monetary 

amount chosen randomly at any stage of these two tasks. The risk game provided participants with 

a battery of 4 sequential questions. Each question had a binary choice between a lottery and a safe 

option. In every following round, the value of the safe option was amended, contingent on the 

risk-aversion of the player in the prior rounds; for instance, the participants were offered a choice 
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between a lottery L1= [£80(50%), £0(50%)] and a safe option of £40, to begin with. The safe 

option in a consecutive round was increased (or, decreased) by £20, contingent on whether a 

lottery (or, safe option) was chosen earlier. Every respondent faced four iterations, where the 

values of the safe option were determined by a titration algorithm (see figure 2). The time 

preference task involved a similar iterative sequential game where participants faced a binary choice 

between two monetary values: a smaller earning with a ‘sooner’ delay or a larger earning with a 

‘later’ delay. All subsequent smaller earnings were dependant on their prior choices, with values 

rising if the larger earning with ‘later’ delay was chosen in an earlier setting.  

 

Figure 2: Titration Algorithm of Risk and Time preference task (Nebout et al., 2020) 

I also measure participants self-reported general health and lifestyle habits. Participants were 

evaluated on their dietary preferences using an adapted eating choice index (Pot et al., 2014); while 

their self-reported physical activity levels were measured using the International Physical Activity 

questionnaire (Craig et al., 2003). To account for a respondent’s palatability towards the menu 

presented to them, I assessed their self-reported likeability using a battery of six pre-specified 

items: the dish, description of the dish, environmental concerns related to the dish, experience 

with the dish, novelty in trying a new dish and choosing the least worst outcome available. I also 

measure demographic information about participants in the survey.  
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Annex VI 

 
Hypothesis  Coefficient Raw p Bon Ferroni Adjusted 

p 

Sidak Adjusted 
p 

OLS Regressions [No Controls] 

Pledge v/s Baseline -14.426116 7.613e-18 2.741e-16 0 

Implementation Intention v/s 
Baseline 

-14.029962      7.155e-17      2.218e-15      3.553e-15 

Quick Rules v/s Baseline -7.166869      .00001774      .00024836      .00024833 

Default v/s Baseline -12.377858      1.614e-13      4.035e-12      4.036e-12 

Pledge+Default v/s Baseline -17.810858      4.349e-26      1.957e-24      0   
Default+Pledge v/s Baseline -13.514698       9.381e-16      2.533e-14 2.398e-14   

Default with One Liner v/s Baseline -14.677719      2.838e-18      1.050e-16     0 

Traffic Lights v/s Baseline -8.3131242      6.794e-07      .00001223      .00001223 

TL with One Liner v/s Baseline -8.70278      2.200e-07      4.400e-06   4.400e-06 

OLS Regressions [With Controls] 

Pledge v/s Baseline -14.398238       1.004e-16      3.011e-15    3.553e-15 

Implementation Intention v/s 
Baseline 

-15.027105      1.826e-18      6.940e-17    0 

Quick Rules v/s Baseline -8.3544581      1.054e-06      .00001792      .00001792 

Default v/s Baseline -12.820283      6.080e-14      1.581e-12     1.582e-12 

Pledge+Default v/s Baseline -18.453458      9.179e-27      4.222e-25    0 

Default+Pledge v/s Baseline -14.28828      1.243e-16      3.604e-15    3.553e-15 

Default with One Liner v/s Baseline -14.387342      5.019e-17      1.707e-15     0 

Traffic Lights v/s Baseline -8.6252193      5.396e-07      .00001025      00001025 

TL with One Liner v/s Baseline -10.108968      3.314e-09      7.622e-08   7.622e-08 

Ordered Logit Regressions [No Controls] 

Pledge v/s Baseline -1.3948449       1.069e-19      4.278e-18    0 

Implementation Intention v/s 
Baseline 

-1.320284      9.585e-18      3.355e-16    0 

Quick Rules v/s Baseline -.87534884      3.378e-08      7.433e-07    7.433e-07 

Default v/s Baseline -1.2919849      5.139e-17      1.707e-15     0   

Pledge+Default v/s Baseline -1.8449876      1.012e-33      4.755e-32   0 

Default+Pledge v/s Baseline -1.2789395      6.684e-17      2.139e-15    3.553e-15 

Default with One Liner v/s Baseline -1.2464661       2.233e-16      6.251e-15    6.217e-15 

Traffic Lights v/s Baseline -.56744667      .00019024      .00209261      .00209062   

TL with One Liner v/s Baseline -.69191075      5.878e-06      .00009405      .00009404   

Ordered Logit Regressions [With Controls] 

Pledge v/s Baseline -1.6339871      6.777e-23      2.914e-21     0 

Implementation Intention v/s 
Baseline 

-1.6207454      2.806e-23      1.235e-21    0    

Quick Rules v/s Baseline -1.1624266      6.291e-12      1.510e-10    1.510e-10 

Default v/s Baseline -1.5116575      3.076e-20      1.261e-18     0 

Pledge+Default v/s Baseline -2.2598847      3.119e-43      1.497e-41     0 

Default+Pledge v/s Baseline  -1.5833908      2.829e-22      1.188e-20     0 

Default with One Liner v/s Baseline -1.4216703      1.071e-18      4.178e-17     0 

Traffic Lights v/s Baseline -.66268676      .00004035      .00052459      .00052446 

TL with One Liner v/s Baseline -.86376874      7.074e-08      1.485e-06    1.485e-06    

Pairwise Comparisons [OLS Regressions] 

Default with One Line v/s Default -2.2998609      .12351431    .86460014      .60261285 

Pledge+Default v/s Default -5.4330002      .00004848      .00058175      .0005816 
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Default+Pledge v/s Default -1.1368408      .46775563      1 .95798252 
TL with One Liner v/s Traffic Lights -.3896558          . 83752841 1 .95798252 
Pledge+Default v/s Pledge -3.3847421      .00455331      . 04097978 .04024128 
Default+Pledge v/s Pledge .91141734      .52859386      1 .95798252 
Pledge+Default v/s Implementation 
Intentions 

-3.7808956 .00167495   .01674953      .01662385 

Default+Pledge v/s Implementation 
Intentions 

.51526383      7235671      1 .95798252 

Default with One Liner v/s Quick Rules 7.5108495      8.514e-06      .00012771      .00012771    
TL with One Liner v/s Quick Rules -1.5359109      .42646665      1 .95798252 
Pledge+Default v/s Default with One 
Liner 

-3.1331393      .00629319      .05034551      .04925044 

Default+Pledge v/s Default with One 
Liner 

1.1630201      .41038072      1      .95798252 
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Annex VII 
 

AVII. Ordered Logistic Regression Models 

In this section, I test hypotheses H1-2 using ordered logistic regression models based on 

the ordinal outcome variable, the carbon intensity rank. The credibility of an ordered logistic 

regression depends on the fulfilment of the parallel lines/proportional odds assumption. This 

posits that the relationship between the different pairs of outcomes measures is similar for all its 

categories. I test for the proportional odds assumption using a likelihood ratio test, which returns 

a χ2 statistic of 51.55 corresponding to a p-value less than 0.0001. As such, I can reject proportional 

odds assumption, in that, I anticipate that the behavioural interventions have led to differential 

treatment effects across the food categories varying in their underlying carbon intensities. In 

relaxing the assumption, however, I find that it is only partially violated across five of the treatment 

categories.  

Constraints for parallel-lines assumption imposed on Significance assessed 

Pledge p-value = 0.0564 

Implementation Intentions p-value = 0.1048 

Quick Rules p-value = 0.00001 

Default p-value < 0.00001 

Pledge + Default p-value = 0.00077 

Default + Pledge p-value =0.01728 

Default with information p-value = 0.00098 

Traffic Lights p-value = 0.1189 

Traffic Lights with information p-value = 0.00163 

Table AVII.a Proportional Odds Assumption Test 

Hereafter, I use a partial proportional odds model, whereby I impose the proportional 

odds assumption across three experimental vignettes only, namely the pledge, implementation 

intentions, and the traffic lighting nudge. The partial proportional odds model (AIC=9894.18; 

BIC=10248.44) gives us a better fit than a generalised ordered logistic regression model 

(AIC=9900.03; BIC=10248.44); this is further confirmed by a likelihood ratio test between these 

nested models which returns a χ2 statistic of 36.15 corresponding to a p-value of 0.021. In re-

evaluating hypothesis 1, Table AVII.b presents the results from estimating the partial proportional 

odds model using carbon intensity rank as the outcome measure. The columns in this table 

correspond to the nine experimental vignettes, relative to the control group, as a baseline for 

comparison. The rows correspond to the carbon intensity rank associated with the CoFID food 

type of all food items in the menu presented to the participants in the survey. As such, an entry in 

this table corresponds to the odds ratio of choosing a food item with the indicated carbon rank 
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relative to other items that rank higher for a given behavioural intervention; for instance, consider 

the odds ratio of 0.215 corresponding to the Quick Rules intervention for the carbon intensity 

rank of level 0. This implies that being subjected to quick rules, relative to the control, reduces the 

odds of the intention of choosing a food item with a carbon intensity rank greater than 0 by ~78 

percent. Alternatively, being subjected to the Quick rules, relative to the doing nothing, decreases 

odds of the intention of choosing an item with a carbon intensity rank higher than 7 by ~44 

percent. Except for pledges, implementation intentions and traffic lights, I find that being 

subjected to an intervention decreases the odds of the intention of choosing differently depending 

on its carbon intensity. 

The findings from this estimation are in line with my prior results; in that, I find that all 

experimental vignettes significantly reduce the odds of the intention of choosing carbon intensive 

foods. In particular, the nudge plus vignette, where the offer to pledge precedes the nudge, offers 

the highest reduction in the odds of the intention of choosing carbon intensive food items. 

Nonetheless, the partial proportional odds model gives us three additional takeaways. First, quick 

rules are most effective in altering dietary patterns towards foods that are at the lowest rung of the 

carbon intensity ladder. Beyond this, the effectiveness of these uncertainty management boosts 

decreases, with the least effectiveness in reducing the intended consumption of ruminant meat. 

On the contrary, the default nudge and all variants of the nudge plus toolkit are mostly effective 

in reducing the intended consumption of ruminant meat. Second, the effectiveness of these 

interventions, as measured by the corresponding reduction in the odds of the intention of choosing 

foods, displays an inverted U-shaped relationship with their carbon intensiveness; in that their 

efficacy increases, and then peaks for white meat or fish products, before decreasing once again. 

Third, unlike the linear regression model results, I find that interventions can be effective only 

across certain types of food items, depending on their carbon intensity; for instance, quick rules 

are ineffective in reducing the odds of the intention of choosing food items that have a carbon 

intensity greater than that associated with pork, while the traffic lights combined with an 

informational prompt are ineffective in reducing the odds of the intention of choosing of food 

items that rank higher than beans and lentils. I also compare the effectiveness of the nudge-plus 

vignettes directly to its nudge, think and boost counterparts. I find no additional significant 

findings beyond that reported in Table 7.  
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 Behavioural Intervention Categories (baseline do-nothing) 

Odds Ratio (se) 
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0.215*** 
0.06 

0.321*** 
0.103 

0.194*** 
0.054 

0.279*** 
0.086 

0.542 
0.209 

O
d
d
s 

R
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=

 0
.5

7*
**

; 
σ
=

 0
.0
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1.649 
1.003 

Pasta 1 0.292*** 
0.057 

0.29*** 
0.056 

0.203*** 
0.038 

0.346*** 
0.069 

0.388*** 
0.079 

0.579* 
0.129 

Vegetable 
Dishes 

2 0.289*** 
0.051 

0.315*** 
0.057 

0.203*** 
0.035 

0.363*** 
0.067 

0.376*** 
0.069 

0.622* 
0.125 

Nuts and 
seeds 

3 0.293*** 
0.051 

0.332*** 
0.058 

0.181*** 
0.031 

0.355*** 
0.062 

0.397*** 
0.071 

0.61** 
0.116 

Poultry 
and Fish 

4 0.62** 
0.102 

0.208*** 
0.041 

0.08** 
0.021 

0.183*** 
0.038 

0.157*** 
0.033 

0.408*** 
0.071 

Pork 5 0.928 
0.158 

0.313*** 
0.066 

0.104*** 
0.032 

0.266*** 
0.059 

0.201*** 
0.049 

0.444*** 
0.086 

Cheese 6 0.585* 
0.112 

0.344*** 
0.076 

0.089*** 
0.032 

0.275*** 
0.065 

0.207*** 
0.054 

0.53** 
0.105 

Lamb 7 0.551** 
0.113 

0.365*** 
0.084 

0.082*** 
0.033 

0.259*** 
0.066 

0.219*** 
0.059 

0.58** 
0.118 

Constant 0.2931*** 
(0.035) 

Pseudo R2 0.0384 
N 2994 

* p<0.05; ** p<0.01; *** p<0.001 
 

Table 8: Odds ratios of behavioural interventions across different outcome categories 
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Annex VIII 
AVIII. Summary Statistics 

Table AVIII.a Socio-Demographics 

Variable Mean (proportion) Standard Deviation 

Age (in years) 29.18 10.75 
Time Taken (in mins) 24.38 9.69 
Prolific Score (/100) 99.46 1.25 
Country of Birth   

UK 
Non-UK 

0.33 
0.67 

0.009 

Country of Residence   
UK 0.88 (N=2641) 0.006 

Non-UK 0.12 (N=353) 0.006 
Employment Status   

Due to start work 0.017 0.002 
Full-Time Employment 0.351 0.009 

Unpaid Work 0.079 0.005 
Other 0.149 0.007 

Part-Time Employment 0.163 0.007 
Unemployed 0.205 0.007 

First Language   
English 0.299 0.008 

Non-English 0.294 0.009 
Nationality   

UK 0.35 0.009 
Gender   

Male 0.52 0.009 
Female 0.46 0.009 

Prefer not to say 0.002 0.0007 
Student Status   

Student 0.44 0.009 
Non-Student 0.53 0.009 

Highest Level of Education   
Primary Education 0.01 0.002 

Secondary Education 0.22 0.008 
Post-secondary vocation training 0.07 0.005 

Undergraduate degree or equivalent 0.44 0.009 
Post-graduate diploma or equivalent 0.05 0.004 

Master’s degree or equivalent 0.15 0.007 
PhD or equivalent 0.01 0.002 

Prefer not to say/ Other 0.03 0.003 
Marital Status   

Not married 0.68 0.009 
Married 0.22 0.008 

Civil Partnership 0.07 0.005 
Separated 0.01 0.002 
Divorced 0.02 0.003 
Widowed 0.006 0.001 

Religion    
Agnostic   0.150   0.007 

Other   0.021   0.003 
Atheist   0.305   0.008 
Baptist   0.007   0.001 

Brethren   0.000   0.000 
Buddhist   0.007   0.001 
Catholic   0.293   0.008 

Church of England   0.071   0.005 
Church of Ireland   0.001   0.001 
Free Presbyterian   0.001   0.000 

Hindu   0.012   0.002 
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Jewish   0.005   0.001 
Methodist   0.006   0.001 

Muslim   0.030   0.003 
Other Christian   0.065   0.005 

Presbyterian   0.004   0.001 
Protestant   0.020   0.003 

Sikh   0.002   0.001 
Ethnicity   

African   0.012   0.002 
Other Asian   0.012   0.002 
Other White   0.446   0.009 
Other Black   0.001   0.001 

Other Mixed   0.015   0.002 
Arab   0.005   0.001 

Bangladeshi   0.005   0.001 
British/ English/ Scottish/ Welsh   0.330   0.009 

Caribbean   0.004   0.001 
Chinese   0.010   0.002 

Gypsy or Irish Traveler   0.000   0.000 
Indian   0.021   0.003 

Irish   0.010   0.002 
Other   0.042   0.004 

Pakistani   0.007   0.001 
Prefer not to say   0.036   0.003 
White and Asian   0.024   0.003 

White and Black African   0.010   0.002 
White and Black Caribbean   0.010   0.002 

Income (in ‘000 GBP)  N/A  N/A 
Self-reported dietary style   

Balanced   0.798   0.007 
Flexitarian   0.075   0.005 

Lacto-Vegetarian   0.003   0.001 
Lacto-Ovo-Vegetarian   0.004   0.001 

Ovo-Vegetarian   0.003   0.001 
Pescatarian   0.025   0.003 

Vegan   0.024   0.003 
Vegetarian   0.067   0.005 

 

AVIII .b Outcomes and Covariates 

Outcome  Mean (proportion) Standard deviation 

Greenhouse emissions in kgCO2/kg  12.29 20.96 
   
Donation    

Off Food Vouchers (out of £10) 4.64 3.8 
Off Amazon Vouchers (out of max £80) 20.03% 20.64 

   

Controls Mean (proportion) Standard deviation 

Personal Well-being (ONS4)   
Life Satisfaction, worthwhile and happiness 
index (/10) 

  

Low 0.18 0.007 
Medium 0.29 0.008 

High 0.41 0.008 
Very High 0.12 0.006 

Anxiety Index (/10)   
Low 0.25 0.007 

Medium 0.18 0.007 
High 0.37 0.009 

Very High 0.2 0.007 
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Personal Well-being Index (Factor Analysis 
with Varimax; pcf) 

0 
Min=-3.2, Max=2.2 

1 

   
Momentary Mood Measures   
Happiness Pre Post Pre Post 

Definitely do not feel 0.05   0.05 0.004   0.004 
Do not feel 0.19   0.16 0.007   0.007 
Slightly Feel 0.53   0.54 0.51   0.009 

Definitely Feel 0.23   0.25 0.008   0.008 
Tiredness     

Definitely do not feel 0.07   0.10 0.06   0.005 
Do not feel 0.20   0.22 0.19     0.008 
Slightly Feel 0.40   0.43 0.39     0.009 

Definitely Feel 0.32   0.26 0.30     0.008 
Anxiousness     

Definitely do not feel 0.17   0.22 0.007     0.008 
Do not feel 0.34   0.37 0.008     0.009 
Slightly Feel 0.35   0.31 0.009     0.008 

Definitely Feel 0.14   0.10 0.006     0.005 
Calm     

Definitely do not feel 0.06   0.04 0.004     0.004 
Do not feel 0.24   0.18 0.008     0.007 
Slightly Feel 0.46   0.52 0.009     0.009 

Definitely Feel 0.24   0.25 0.008     0.008 
 

Control over life decisions 
    

Definitely not 0.02 0.002   0.01     0.002 
Probably not 0.10 0.007   0.10     0.005 

Might or might not 0.16 0.006   0.17     0.007 
Probably yes 0.50 0.009   0.47     0.009 

Definitely yes 0.22 0.008   0.25     0.008 
   

Trust   
Yes, most people can be trusted 0.35 0.009 
Most people cannot be trusted  0.65 0.009 

   
Information Preferences Scale   
   
Scale= Mean (standardised items) 0 

Min=-2.36; Max=1.07 
(Avg. Inter-item correlation= 
0.31; Cronbach’s alpha=0.73) 

0.65 

Factor Analysis with Varimax; pcf 0 
Min=-3.41; Max=1.52 

1 

   
   
Self-Stated Willing to take risks (/10) 5.7 2.01 
   
Pro-Materialistic v/s Pro-Environment   

Favours Economic Growth 0.09 0.005 
Indifferent 0.65 0.009 

Favours Environmental Protection 0.27 0.008 
   

Lives v/s Livelihood   
Favours Lives 0.36 0.009 

Indifferent 0.58 0.009 
Favours Livelihoods -.06 0.004 

   
   
   

Healthy Eating Index (/25) 15.95 3.31 
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Exercise Intensity Index (/12) 5.51 2.32 
   

Belief in Command-and-Control 
measures 

  

   
Controls should be placed on the industry 
to protect the environment from pollution  

  

Strongly disagree   0.011   0.002 
Somewhat disagree   0.050   0.004 

Neither agree nor disagree   0.121   0.006 
Somewhat agree   0.443   0.009 

Strongly agree   0.375   0.009 
   

It is wrong for governments to try and 
compel business and industry to put 
conservation goals over efficiency 

  

Strongly disagree   0.053   0.004 
Somewhat disagree   0.193   0.007 

Neither agree nor disagree   0.300   0.008 
Somewhat agree   0.271   0.008 

Strongly agree   0.183   0.007 
   

Pro-Environmental Behaviour (Personal 
Conservation Behaviour Scale of EAI) 

  

Scale= Mean (standardised items) 0 
Min=-2.5, Max=1.04 

(Avg Interitem Correlation= 
0.31; Cronbach’s Alpha=0.82) 

0.62 
 

Factor Analysis with Varimax; pcf  0 
Min=-4.1, Max=1.6 

1 

   
Beliefs about Climate Change    

Scale= Mean (standardised items) 0 
Min=-3.06, Max= 0.92 

(Avg. Interitem 
Correlation=0.32; Cronbach’s 

Alpha=0.74) 

0.66 

Factor Analysis with Varimax, pcf 0 
Min=-4.72; Max=1.36 

1 

   
Mourato and Shreedhar (Assessing 
Covid19 impact) 

Decreased Same Increased Decreased Same Increased 

Income 0.38 0.51 0.11 0.009 0.009 0.006 
Health Expenditures 0.07 0.38 0.56 0.005 0.009 0.009 

Digital Media 0.05 0.62 0.33 0.004 0.009 0.009 
Online Shopping 0.08 0.28 0.63 0.005 0.008 0.009 

Online Meal Deliveries 0.11 0.46 0.42 0.006 0.009 0.009 
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AVIII.c Distribution of intended dietary choices by treatment class 

Behavioural Toolkit 

CI 

Low 
Carbon 

Mid 
Carbon 

High 
Carbon 

Total 

Control 55 143 100 298 
 6.02 8.78 22.17 9.95 
Nudge Plus 378 698 116 1192 
 41.36 42.85 25.72 39.81 
Boost 212 270 119 601 
 23.19 16.57 26.39 20.07 
Nudge 160 349 91 600 
 17.51 21.42 20.18 20.04 
Think 109 169 25 303 
 11.93 10.37 5.54 10.12 

Total 914 1629 451 2994 
 100.00 100.00 100.00 100.00 
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Annex IX 
A.5. Parametric Randomisation Tests 

Covariate for Balancing Type  Parametric Test 

Age  Continuous Overall F=0.547; p= 0.84 
Birth Status Binary Overall χ2=3.29; p=0.95 
Residence Status Binary Overall χ2=10.9; p=0.28 
Employment Status Categorical Overall χ2=78.87; p=0.27 
Nationality Categorical Overall χ2=599.15; 

p=0.996 
First Language Categorical Overall χ2=428.59; 

p=0.84 
Gender Categorical Overall χ2=39.27; p=0.71 
Student Status Categorical Overall χ2=35.07; p=0.14 
Education  Categorical Overall χ2=54.14; p=0.78 
Marital Status Categorical Overall χ2=44.28; 

p=0.502 
Religion Categorical Overall χ2=158.24; 

p=0.37 
Ethnicity Categorical Overall χ2=194.41; 

p=0.042 
Dietary Style Categorical Overall χ2=67.62; 

p=0.322 
Control over Decisions (Pre) Categorical Overall χ2=32.16; p=0.65 
Pro-Environmental Behavior Continuous Overall F=0.743; p=0.67 
Happiness (Pre) Categorical Overall χ2=21.15; 

p=0.779 
Tiredness (Pre) Categorical Overall χ2=40.59; 

p=0.045 
Anxiousness (Pre) Categorical Overall χ2=24.04; p=0.63 
Calmness (Pre) Categorical Overall χ2=29.40; 

p=0.342 
Trust Continuous Overall F=7.94; p=0.541 
Information Preferences Index Continuous Overall F=1.113; p=0.349 
Risk Aversion (Self-reported) Continuous Overall F=1.096; p=0.362 
Economy v/s Environment Categorical Overall χ2=13.58; 

p=0.756 
Life v/s Livelihood Categorical Overall χ2=12.06; 

p=0.844 
Healthy Eating Index Continuous Overall F=1.28; p=0.242 
Exercise Intensity Continuous Overall F=0.34; p=0.962 
Climate Change Beliefs Continuous Overall F=0.97; p=0.467 
Income changes due to Covid Categorical Overall χ2=17.324; 

p=0.501 
Health Expense due to Covid Categorical Overall χ2=14.14; p=0.72 
Digital Media due to Covid Categorical Overall χ2=18.25; 

p=0.439 
Online Shopping due to Covid Categorical Overall χ2=17.39; 

p=0.497 
Online Meal due to Covid Categorical Overall χ2=13.428; 

p=0.766 
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Annex X 
Table AX.a Full Model Specifications of OLS regressions. 

 
Variable Col 1    Col2    

Treatment Condition   

Control Baseline 
Pledge -14.426*** -14.398*** 

Implementation Intentions -14.030*** -15.027*** 
Quick Rules -7.167*** -8.354*** 

Default -12.378*** -12.820*** 
Pledge + Default -17.811*** -18.453*** 
Default + Pledge -13.515*** -14.288*** 

Default with One Liner -14.678*** -14.387*** 
Traffic Lights -8.313*** -8.625*** 

TL with One Liner -8.703*** -10.109*** 
         

Age     0.095    
 

Employment Status   

Due to start a new job     0.608    
Full-Time     -1.239    

Not in paid work      61.854*** 
Other     -2.719    

Part-Time     -2.658    
Unemployed      -3.170    

 
Language 

  

Afrikaans     (base)    
Albanian     52.585*** 

Arabic     -11.056    
Armenian     -11.148    

Bengali     -12.831    
Bulgarian     -5.718    

Catalan     -0.206    
Chinese     -24.967*   
Croatian     -26.778*   

Czech     -13.737    
Danish     -5.688    
Dutch     -28.730    

English     -11.138    
Estonian     0.389    

Finnish     30.730*   
French     -16.179    
Gaelic     -15.921    

German     -0.594    
Greek     -8.265    

Gujarati     -4.805    
Hebrew     -23.121    

Hindi     -8.631    
Hungarian     1.887    
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Indonesian     40.564**  
Italian     -10.694    

Japanese     -18.158    
Kurdish     -23.948*   
Latvian     -25.237*   

Lithuanian     16.353    
Malay     -44.202**  

Nepali     -16.580    
Norwegian     -18.041    

Pashto     -18.636    
Polish     -12.518    

Portuguese     -13.271    
Romanian     -11.639    

Russian     -24.125    
Scots     -6.704    

Serbian     -29.418*   
Slovak     -4.704    

Slovenian     -0.552    
Spanish     -12.328    
Swedish     -24.863    

Tagalog-Filipino     -23.545    
Tamil     -15.960    

Turkish     -30.333    
Ucrainian     -4.664    

Urdu     -16.155    
Vietnamese     -0.512    

Welsh     -17.945    
 

Country of Origin 
  

Afghanistan     (base)    
Albania     -8.852    

Argentina     -0.252    
Armenia     -4.503    
Australia     24.044    

Austria     -18.502    
Azerbaijan     3.244    
Bangladesh     -10.160    

Belgium     8.601    
Bosnia and Herzegovina     -13.264*   

Brazil     -2.925    
Bulgaria     -8.042    
Canada     1.875    

Chile     0.257    
Colombia     22.990    

Congo the Democratic ..     -1.652    
Cuba     20.778    

Cyprus     27.998*   
Czech Republic     -3.512    
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Denmark     -4.749    
Estonia     -1.549    
Finland     -12.717    
France     3.663    

Germany     6.847    
Gibraltar     47.986*** 

Greece     0.275    
Hong Kong     0.393    

Hungary     -5.045    
India     4.280    
Iran     -8.470    
Iraq     6.772    

Ireland     -3.199    
Isle of Man     -4.087    

Israel     28.470*   
Italy     0.679    

Japan     -7.227    
Latvia     11.246    

Lithuania     -14.183    
Malaysia     36.496**  

Mauritius     0.005    
Mexico     -2.048    

Morocco     63.488*** 
Nepal     -3.168    

Netherlands     27.725*   
New Zealand     -5.060    

Niger     -13.344    
Nigeria     -6.234    

Pakistan     2.085    
Philippines     -2.888    

Poland     1.109    
Portugal     1.970    
Romania     -0.037    

Russian Federation     -4.917    
Serbia     2.271    

Singapore     -8.619    
Slovakia     -7.167    
Slovenia     -4.396    

South Africa     -0.896    
Spain     3.877    

Sri Lanka     -13.090    
Thailand     32.562**  

Tunisia     4.855    
Turkey     19.973    

Ukraine     13.100    
United Kingdom     1.289    

United States     -2.123    
Venezuela, Bolivarian     -2.128    
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Vietnam     -8.137    
Zimbabwe     -8.260    

Gender   

Female     2.284    
Male     4.540*   

Other     -8.382    
         

Marital Status         
Civil Partnership     (base)    

Divorced     1.184    
Married     -2.808    

Not married     -0.686    
Separated     6.330    
Widowed     3.383    

         
Region of living         

Agnostic     (base)    
Any other Religion     -0.562    

Atheist     0.613    
Baptist     -0.882    

Brethren     3.324    
Buddhist     10.799    
Catholic     2.520*   

Church of England     1.784    
Church of Ireland     -0.736    
Free Presbyterian     -8.565    

Hindu     -2.846    
Jewish     -2.267    

Methodist     -4.633    
Muslim     5.413    

Other Christian     -0.774    
Presbyterian     -1.081    

Protestant     1.199    
Sikh     -6.097    

         
Ethnicity         

African     (base)    
Any other Asian background     1.865    
Any other White background     -1.299    
Any other black background     -1.787    

Any other mixed background     -5.129    
Arab     -10.590    

Bangladeshi     -0.144    
British/English/Scottish     0.101    

Caribbean     -1.853    
Chinese     -1.220    

Gypsy or Irish Travellers     51.056*** 

Indian     -4.209    
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Irish     1.092    
Other ethnic group     0.022    

Pakistani     -6.633    
Prefer Not to Say     -0.932    
White and Asian     0.597    

White and Black African     1.360    
White and Black Carri..     1.123    

         
Dietary Style         
Balanced Diet     (base)    

Flexiterian diet     -1.191    
Lacto Vegetarian diet     -11.117*** 

Lacto-Ovo Vegetarian ..     -10.091*** 
Ovo-Vegetarian     -9.768*** 
Pescetarian diet     -6.882*** 

Vegan diet     -7.510*** 

Vegetarian diet     -9.944*** 

Scores for factor 1     -0.349    
         

Pre-Treatment Happiness         
Definitely do not feel     (base)    

Definitely feel     0.618    
Do not feel     1.937    
Slightly feel     1.051    

         
 Pre-Treatment Tired         

Definitely do not feel     (base)    
Definitely feel     -2.019    

Do not feel     -1.097    
Slightly feel     -2.542    

         
Pre-Treatment Calm         
Definitely do not feel     (base)    

Definitely feel     2.929    
Do not feel     2.612    
Slightly feel     3.346*   

         
 Pre-Treatment Anxious         

Definitely do not feel     (base)    
Definitely feel     -0.686    

Do not feel     -0.704    
Slightly feel     -1.145    

         
Pre-Treatment Control over 

life choices 
        

Definitely not     (base)    
Definitely yes     2.789    

Might or might not     3.433    
Probably not     2.414    
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Probably yes     3.144    
         

Trust     -0.159    
Willingness to take risks     -0.006    

         
Favours growth or 

environment 
        

Prioritising Economic growth      (base)    
Prioritising Protecting the 

environment 
    -2.003    

Equal Prioritising     -1.814    
         

Lives v/s Livelihood         
Prioritising Economic growth      (base)    
Prioritising Improving public 

health 
    0.103    

Equal Prioritising     0.868    
         

HEI     -0.290*   
Intensity of Physical 

Exercise 
    0.116    

Scores for factor 1     -0.555    
Scores for factor 1     -2.207*** 
Scores for factor 1     -0.238    

         
Changes in income due to 

Covid  
    1.256*   

Changes in health 
expenditure due to Covid 

    0.681    

Changes in digital 
shopping due to Covid 

    -0.894    

Changes in online 
shopping due to Covid 

    0.856    

Changes in online meal 
purchase due to Covid 

    -0.634    

Constant 23.399*** 32.987**  
N 2994    2915    

Degrees of freedom 2984.000    2689.000    
R-squared 0.054    0.183    

p<0.05; ** p<0.01; *** p<0.001 
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AX.b Differences in engagement times by treatment categories 
 

Variable Model 1   Model 2   
Treatment Condition   

Control Baseline 
Pledge 59.326    28.212   

Implementation Intentions 129.463*** 119.323** 
Quick Rules 57.441    56.223   

Default 26.600    41.398   
Pledge + Default 49.523    62.586   
Default + Pledge 54.770    57.363   

Default with One Liner 53.877    71.137   
Traffic Lights -14.160    -16.474   

TL with One Liner -47.682    -44.293   
Controls No Yes* 

N 2994    2915   
Degrees of freedom 2984.000    2689.000   

R-squared 0.006    0.199   

* Controls used are same as Table AX.a 
p<0.05; ** p<0.01; *** p<0.001 
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Annex XI 

A greater proportion of participants took up the pledge as a think relative to the nudge plus. 

Nonetheless, they were less likely to follow through with it, as indicated by their final choice of a 

food item. Furthermore, the engagement time in both these treatment categories did not differ 

significantly (χ2=0.017; p-value=0.8955). Figure 2(L) shows the proportion of people who 

accepted the offer of the pledge; and 2(R) shows the proportion of those who complied with the 

pledge conditional on accepting (or indifference to) it. In the final stage, participants had to select 

a food item from the list of all main course items.  

 
Figure AXI.b: Proportion of participants who accept the pledge in think v/s nudge plus; (R): Proportion 

of pledgers who follow through with their pledge. 
 

Our primary outcome variable of analysis is a quasi-continuous measure of greenhouse gas 

emissions corresponding to the main ingredient in the chosen food item (for details, see Banerjee 

et al., (2021)). Prior to selecting their preferred food item, participants self-reported their intrinsic 

motivation to consume sustainable diets, either in the short- or long-term. Using a 3-point Likert 

scale: yes, no and do not know, participants self-reported intentions to consume an 

environmentally sustainable diet either in their next meal (short-term intention) or over the next 

week (long-term intention). Thus, while the pledge was designed without any temporal dimension, 

the intentions were recoded for participants’ present and future selves. We find attrition in these 

measures of intrinsic motivation: 38 and 29 participants in the think and nudge plus category, 

respectively, do not report these intentions. Nonetheless, we meet the sampling requirements in 

each case (for power analysis, see A.3).  
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Figure AXI.a: Intentions of participants in think and nudge plus to consume a sustainable diet in their 
next meal (L) or over the week (R).  

Figure 3 shows these short-term (L) and long-term (R) intentions to consumer sustainable 

diets. Thinkers tend to have stronger intentions, on an average, to consume an environmentally 

sustainable diet in their next meal compared to those in boost or nudge plus categories. However, 

this is not true for long-term intentions (over the next week). Table 1 presents the findings from 

multiple linear regression models controlling for heterogeneity in treatment effects driven by the 

short- and long-term intentions of participants to consume sustainable diets, conditional on the 

decision made by participants on the offer of the pledge. To see the effect of reflection on those 

who are already intrinsically motivated, we include an interaction term of self-reported short- or 

long-term intentions with an indicator variable reflecting participants’ decision about the pledge 

as the moderator variable. The indicator, i, is defined below. 

𝑖 = {
1, if respondent was indifferent to or accepted the pledge when offered
0,                     if respondent rejected the pledge when offered                      

 

We find that when the already motivated, those who express intentions to consume 

sustainably, sign up for the pledge, there is reactance driven by the short-term13 intentions only. 

Thus, conditional on taking the pledge, being intrinsically motivated in the short run attenuates 

the treatment effects corresponding to the nudge plus. Conditional on whether a respondent take 

the pledge or not, a one-point increase in the intrinsic intentions of consuming a sustainable diet 

in the next meal, significantly attenuates the treatment effect by 1.895 kgCO2e. However, when we 

 
13 Digressing from the pre-registration analysis, we later anticipated that participants can self-report incoherent 
intentions which can lead to moral spillovers due to their tendency to compensate for good intentions in the present 
or future by choosing unsustainable items from the food menu; for instance, if Mary reports strong intentions to 
consumer sustainably, in her next meal and/or over the next week, she is also likely to deviate, just for once, when it 
comes to choosing from the actual menu because she feels morally licensed to do so. To assess for such moral 
spillovers, if any, we included an indicator variable, s such that, 

𝑠 = {
1, if respondent has similar short − and long − term intentions 

0, otherwise                     
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consider for their long-term intentions, conditional on the uptake of the pledge, we do not find 

any significant moderation effects. When both short- and term-intentions, conditional on taking 

the pledge, are controlled for, we do not find any reactance.  

Outcome: GHG emissions OLS Model 1 OLS Model 2 OLS Model 3 

Treatment Baseline: Think 
Nudge Plus -7.533*** -6.745*** -7.489*** 

 1.889 1.980 1.991 
    
Short Term Intentions 
conditional on Pledge 

-3.640***  -3.175*** 
0.529  0.931 

    
Long Term Intentions 
conditional on Pledge 

 -3.029*** -0.536 
 0.511 0.890 

    
Moral spillovers (s=1) 1.413 0.234 1.238 
 1.232 1.232 1.252 

Short Term Intentions 
conditional on Pledge # 

Baseline: Think 

Nudge Plus 1.895***  1.892 
 0.728  1.291 

Long Term Intentions 
conditional on Pledge# 

Baseline: Think 

Nudge Plus  1.377 -0.028 
  0.733 1.288 

Constant 15.703*** 15.717*** 16.050*** 
 1.497 1.594 1.588 

N 611 611 611 

legend: * p<.05; ** p<.01; *** p<.001  

Table AXI: Regression results with conditional moderation effects of intrinsic motivation 

As a robustness check, we follow Hainmueller, Mummolo and Xu (2019) in testing the 

validity of the linear interaction effect assumption by using four bins for the moderator variable 

(i.e., we treat it as categorical). We find no significant non-linear effects (p-value of Wald test 

statistic is 0.26 and 0.14 for short- and long-run intentions, conditional on taking up the pledge). 

We also demonstrate common support for the moderator variable in these treatment categories. 

Thus, short-term intrinsic motivations significantly attenuate the treatment effect of nudge plus, 

relative to the thinks14, in a linear fashion. 

To test if simply having good intentions generates reactance to the interventions, we re-

run the regression analysis with unconditional short and long-term intentions as moderators. We 

find that intentions to consume sustainably15, regardless of the decision on the pledge, do not 

 
14 In comparison to the think, nudge plus significantly reduces emissions from food choices (Cohen’s d=0.247; 
σ=0.019). 
15 We do not find any evidence for the presence of moral spillovers effects. Thus, temporal incoherence in intentions, 
conditional or unconditional on the offer of the pledge, do not stimulate bad (carbon-intensive) choices from the 
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moderate the treatment effects of any of the behavioural interventions. These results are presented 

in A.4. Thus, it is only when the motivated take the pledge that we find reactance. Nonetheless, 

self-reported intentions of consuming a sustainable diet, either in the next meal or over the entire 

week are negatively associated with greenhouse gas emissions. Thus, while intending to consume 

a sustainable diet is significantly correlated with reduced emissions through the choice of less 

carbon-intensive foods, they do not moderate the treatment effects. These main effects of 

intentions on reducing emissions are stronger for the short-term relative to the long-term.   

Finally, we assess if participants’ self-reported levels of control over their life decisions are affected 

by reflective interventions. To do this, we rely on participants self-reported beliefs on control over 

their life-decisions, using a 5-point Likert-scale, pre- and post-treatment. Using these responses, 

we find that difference in perceived self-control does not vary across the treatment categories. We 

correct for all these multiple comparisons using the Benjamini-Hochberg (1995) correction (with 

a false discovery rate of 5 percent).  

 
menu. 
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Annex XII 
Table AXII.a 

Regression results using Ordinary Least Squares Regression (Definition 1) for intervention types. 

Outcome 
Pro-Social Behaviour: Charitable Donations Model§1 Model§2 

 β 
(σ) 

p-value 

Treatment Type Baseline 
(Doing Nothing)  

Commitment Pledge -0.241 -0.080 
 (0.275) (0.292) 
 0.3810 0.7850 
   

Implementation Intentions -0.296 -0.238 
 (0.271) (0.282) 
 0.2751 0.3983 
   

Quick Rules -0.071 0.006 
 (0.287) (0.295) 
 0.8036 0.9837 
   

Default -0.337 -0.221 
 (0.277) (0.286) 
 0.2241 0.4397 
   

Pledge + Default 0.019 0.101 
 (0.277) (0.287) 
 0.9441 0.7244 
   

Default + Commitment -0.237 -0.187 
 (0.276) (0.284) 
 0.3917 0.5100 
   

Default with Information -0.168 -0.136 
 (0.271) (0.279) 
 0.5362 0.6266 
   

Traffic Lights -0.074 -0.047 
 (0.282) (0.294) 
 0.7941 0.8721 
   

Traffic Lights with Information -0.424 -0.277 
 (0.281) (0.293) 
 0.1324 0.3455 
   

Altruism: Donation from Amazon Voucher  0.092*** 0.086*** 
 (0.003) (0.003) 
 <0.00001 <0.00001 
   

Constant 2.984*** 2.894** 
 0.210 1.585 
 <0.00001 0.068 

Controls No Yes 
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N 2994 2915 
Degrees of freedom 2983.000 2688.000 

R-Squared 0.247 0.345 

legend ***<0.001 **<0.01 *<0.05 

 

Table AXII.b 

Regression results using Ordinary Least Squares Regression (Definition 1) for intervention 

classes. 

Outcome 
Pro-Social Behaviour: Charitable Donations Model§3 Model§4 

 β 
(σ) 

p-value 

Treatment Class Baseline 
(Doing Nothing)  

Nudge Plus -0.201 -0.120 
 (0.222) (0.227) 
 0.3648 0.5956 
   

Boost -0.182 -0.109 
 (0.243) (0.247) 
 0.4531 0.6584 
   

Nudge -0.203 -0.102 
 (0.243) (0.248) 
 0.4028 0.6827 
   

Think -0.241 -0.085 
 (0.275) (0.287) 
 0.3813 0.7663 
   

Altruism: Donation from Amazon Voucher  0.091*** 0.084*** 
 0.003 0.003 
 <0.00001 <0.00001 
   

Constant 3.001*** 0.895 
 0.215 1.763 
 <0.00001 0.612 

Controls No Yes 

N 2994 2915 
Degrees of freedom 2988.000 2693.000 

R-Squared 0.238 0.345 

legend ***<0.001 **<0.01 *<0.05 

Sampling weights (IPW): ധnudge plus=2.51; ധboost=4.98; ധnudge=4.98; ധthink=9.88; ധcontrol=9.88 
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Table AXII.c  

Tests for homoscedasticity and normality of errors. 

Type of Model Breusch Pagan Test S-Wilk Test 

Model §1 χ2=25.07; p< 0.00001 z=12.858; p< 0.00001 

Model §2 χ2=1.42; p=0.2328 z=10.445 p< 0.00001 

Model §3 N/A  z=12.959; p< 0.00001 

Model §4 N/A z=12.959; p< 0.00001 

 

Table AXII.d 

Kruskal-Wallis equality of proportions rank test 

Variable  K-Wallis Test statistic 

By intervention type without ties: χ2=8.499; k=9; p=0.4847 

with ties: χ2=8.472; k=9; p=0.4492 

By intervention class without ties: χ2=0.634; k=9; p=0.9587 

with ties: χ2=0.667; k=4; p=0.9554 

 

Table AXII.e 

Karl-Pearson Correlation coefficients (partial) with Bon-Ferroni corrections for intervention 

classes (Definition 2) 

Level of Classification ρ (demeaned emissions, charitable donations) 

BF corrected p-value 

All Treatment categories -0.0312* 

0.0082 

Nudge Plus  -0.0009 

0.9755 

Boost  0.0078 

0.8491 

Nudge  -0.1003* 

0.0140 

Think  -0.1543* 

0.0071 

legend ***<0.001 **<0.01 *<0.05 

 

Table AXII.f 

Karl-Pearson Correlation coefficients (partial) with Bon-Ferroni corrections for intervention 

types (Definition 2) 



 85 

Level of Classification ρ (demeaned emissions, charitable donations) 

BF corrected p-value 

All Treatment categories -0.0312* 

0.0082 

Commitment Pledge  -0.1543** 

0.0071 

Implementation Intentions  -0.0211 

0.7162 

Quick rules  0.0256 

0.6572 

Default  -0.0870 

0.1329 

Pledge + Default  -0.1072* 

0.0637 

Default + Pledge 0.0244 

0.6751 

Default with Information 0.0870 

0.1341 

Traffic Lights -0.1178** 

0.0414 

Traffic Lights with Information 0.0133 

0.8193 

legend ***<0.001 **<0.01 *<0.05 

 

Table AXII.g  

Instrumental Variable Regression (Definition 3): Second Stage Regression 

Outcome 
Pro-Social Behaviour: Charitable Donations Model§5 Model§6 

Instrument: Treatment Assignment  β 
(σ) 

p-value 

Demeaned Emissions  
(Behaviour 1; instrumented using Treatment assignment in 

Stage 1) 

0.015 0.008 
(0.015) (0.015) 
0.3371 0.5965 

   
Altruism: Donation from Amazon Voucher  0.093*** 0.086*** 

 (0.003) (0.003) 
 <0.00001 <0.00001 
   

Constant 2.943*** 0.289** 
 (0.172) (1.429) 
 <0.00001 0.043 
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Controls No Yes 

First-stage F-Test  28.74 28.94 
p-value <0.00001 <0.00001 

First-stage Sanderson-Windmeijer F-test 28.74 28.94 
p-value <0.00001 <0.00001 

Sargan statistic (overidentification χ2 test statistic) 0.125 0.161 
p-value 0.9887 0.9836 

N 2994 2915 
R-Squared 0.239 0.343 
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