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High global meat consumption presents significant environmental challenges. Interventions to reduce meat consumption, such as carbon labelling, have shown modest and inconsistent results, a phenomenon potentially explained by an “environmentalist bias.” This paper introduces and tests a consumer-centric “nudge by proxy” approach, which indirectly encourages choices that mitigate or obviate external costs by addressing consumers’ internal motivations. First, a consumer survey of 1,500 UK students identified “protein” as the most significant perceived barrier to adopting a meat-free diet. Subsequently, two choice experiments (N = 3,000) were conducted. Experiment 1 demonstrated that labelling the protein content significantly increased selection of the meat-free option over a meat-based counterpart when compared to both a control group (p < 0.001) and a carbon label group (p < 0.001). Experiment 2 confirmed the efficacy of the protein nudge, showing it had significantly increased the choice of a separate meat-free option by over 100% compared to a control group (p < 0.001). The paper concludes by discussing the importance of consumer engagement and addressing two illusions with future research: the “insufficiency illusion” whereby consumers falsely believe meat-free options to be lacking in a key area, and the “availability illusion,” when meat-free options are available but are genuinely lacking. The author advocates for a practical dual-pronged approach that both reveals and creates better options for the consumer.

Keywords
 carbon labelling; sustainability; vegan; meat reduction; nudge; carbon footprint; meal choice; sustainable diet


Introduction

Global meat production has more than tripled since the 1960s (Godfray et al., 2010; Ritchie et al., 2017; Food and Agriculture Organization of the United Nations, 2022). The ever-increasing industrial-scale production creates a cascade of interconnected consequences for environmental stability, public health, and animal welfare (Benton et al., 2021). In short, the cost of meat extends far beyond the immediate financial cost to the consumer.


Environmental costs

The livestock sector contributes over 16% of all anthropogenic greenhouse gas emissions, a share comparable to the global transport sector (Koneswaran and Nierenberg, 2008; Harwatt and Scar-Harding, 2021). The climate impact is so significant that a global phase-out of animal agriculture could stabilize GHG levels for 30 years and offset over 60% of CO₂ emissions this century (Eisen and Brown, 2022).

Animal agriculture is the largest human use of land, occupying c.80% of all agricultural land (Benton et al., 2021; Hayek et al., 2021). Cattle grazing and the cultivation of feed crops are primary drivers of tropical deforestation due to the inherent inefficiency of converting plant protein into animal protein (Laurance et al., 2014; Broom, 2019; Benton et al., 2021). The sector also accounts for nearly a third of agriculture’s water footprint, largely for irrigating feed crops (Doreau et al., 2012; Hoekstra and Moonen, 2012; Wisser et al., 2024). Furthermore, manure runoff causes widespread water pollution, creating oxygen-depleted dead zones and contaminating water with pathogens—biological agents that cause disease (Burkholder et al., 2007; Koneswaran and Nierenberg, 2008; Won et al., 2017; Manyi-Loh et al., 2018; Pan et al., 2024).

Consequently, “livestock production is the single largest driver of habitat loss” (Machovina et al., 2015). Livestock now accounts for 60% of all mammalian biomass, displacing wild mammals and contributing to the planet’s sixth mass extinction (Laurance et al., 2014; Machovina et al., 2015).



Human health costs

Industrial farming is a primary driver of the antimicrobial resistance crisis due to the routine overuse of antibiotics for growth promotion and disease prevention (Manyi-Loh et al., 2018; Katz et al., 2024). These practices create resistant pathogens that can spread to humans (Manyi-Loh et al., 2018). Furthermore, the high-density confinement and low genetic diversity create a viral mixing bowl for zoonotic diseases, increasing the risk of pandemics (Jones et al., 2013; Subedi et al., 2025).

High consumption of animal products is also linked to non-communicable diseases (medical conditions or diseases that are not spread from person to person). Processed and red meats are associated with increased risk of cardiovascular disease, type 2 diabetes, colorectal cancer, pancreatic cancer, and prostate cancer—accordingly, the International Agency for Research on Cancer have classified processed meat as carcinogenic and non-processed red meat as likely carcinogenic (Pan et al., 2012; Abete et al., 2014; IARC, 2015; Wang et al., 2016; IARC, 2018; Shi et al., 2023).

It is also important to consider the profound opportunity costs. For example, what else could we be doing with all that land? It is estimated that if the world went vegan, our land use for agriculture would fall from over 4 billion hectares to 1 billion (Poore and Nemecek, 2018; Ritchie, 2021a). This 75% reduction would free up an area the size of the entire African continent—a size greater than three of the top five largest countries combined: USA, Canada, and Brazil (Poore and Nemecek, 2018; Ritchie, 2021a). Importantly, this estimate is based on reference diets that meet calorie and protein nutritional requirements (Poore and Nemecek, 2018; Ritchie, 2021a). Supposing we went vegan by 2050 and gave the land back to nature, it is estimated that we could sequester over 500 billion tonnes of CO2—for reference, every year, we emit less than 40 billion tonnes of CO2 from fossil fuels (Ritchie, 2021b; Hayek et al., 2021).

Beyond the more quantitative direct and indirect costs to humanity, animal agriculture raises profound ethical questions regarding the suffering of sentient beings. Standard practices—such as artificial insemination, systemic restrictions on natural behaviours, and stressful transport and slaughter conditions—inflict chronic fear, pain, and distress (Mench et al., 2008; Broom, 2010; Cockram, 2019). Egg-laying hens are often afforded less space than a single sheet of paper, and sows are often confined to crates so small they cannot turn around (Taverne and van der Meulen, 2014; Mench and Keeling, 2020). Such severe confinement in barren environments is commonplace; the majority of livestock is factory-farmed (Ritchie, 2023). Indeed, even if provided with additional space and legitimately held under the highest possible animal welfare standards, there are important ethical questions that arise from systematic mass killing; over 80 billion land animals are killed for meat production every year (Ritchie et al., 2017). Historian, Bregman (2025), offers a useful comparative to give a sense of the scale: “Over 200 million land animals worldwide are slaughtered every day. That’s 80 billion animals a year. To give you an idea, the number of people who have ever lived is estimated at 117 billion.”

In response to such devastating impacts, profound missed opportunities, and growing ethical concerns, researchers have been investigating interventions that seek to reduce meat consumption. A popular intervention involves displaying eco-labels such as carbon emissions data which, unfortunately, is showing to have mixed and modest results (Lacroix et al., 2024).



Eco and carbon labelling

The field of carbon labelling gained significant momentum following the introduction of the first major, systematic carbon labelling scheme by the UK’s Carbon Trust in 2006. Despite early concerns (Boardman, 2008), research in the field expanded rapidly thereafter; Liu et al. (2020) catalogued 175 academic articles on carbon labelling during the 2007–2019 period. More broadly, a wider range of varied eco-labels have been explored. However, such interventions are producing inconclusive and limited results (Lacroix et al., 2024; Ding et al., 2025).

The review by Potter et al. (2021), analysing a range of eco-labelling interventions for food and drink products, revealed that over 20% failed to produce any statistically significant change in consumer behaviour. Lacroix et al. (2024) explored a range of front-of-package food eco-labelling and concluded that results were mixed and that any impact is best observed with consumers who already show concern and knowledge of environmental impacts. This is echoed by Onwezen et al. (2021), who concluded that the results are mixed and that such labels are not always understood. Likewise, the UK Food Standards Agency (2021) concluded that food labelling for sustainable consumption has limited impact and that any measured impact rarely generalises to real-world purchase settings.

Several studies have specifically explored displaying carbon emissions for food choices in authentic settings such as a grocery store, a restaurant, and canteens (Vanclay et al., 2011; Spaargaren et al., 2013; Brunner et al., 2018; Lohmann et al., 2022; Casati et al., 2023). Such studies consistently report small, though occasionally statistically significant, impacts on consumer choices and associated emissions. A recent trial by Lohmann et al. (2024), explored carbon-footprint labelling in an interactive web setting that mimics online food-delivery platforms—in this study, carbon-footprint labelling was ineffective (meat dishes were chosen more frequently).

The mixed and modest results of carbon labelling are perhaps the result of such novel and complicated data being difficult to quickly interpret (Meyerding et al., 2019; Rondoni and Grasso, 2021). It has long been established in consumer psychology literature that effective labelling interventions are the result of first engaging with the end consumer, learning what is important to them, and then communicating that as simply and succinctly as possible (Ogilvy, 1963; Dichter, 1964; Kotler, 1967). Meal-choice settings can often make consumers feel time-pressured and there is often a wide range of options, which can cause the consumer to seek to reduce information via cognitive shortcuts. Furthermore, calculating product-specific emissions data and displaying it is well documented as posing multiple technical challenges (Finkbeiner et al., 2006; Soimakallio et al., 2011; Liu et al., 2023; Olanrewaju et al., 2024).

Therefore, given its impracticality, limited efficacy, and that it goes against much of what decades-old consumer psychology literature tells us, why is carbon labelling such a popular intervention?

The answer, I believe, is, in part, due to what I refer to as the “environmentalist bias” (Macdonald, 2024).

People often think that their own beliefs and values are more common than they actually are—known as the “false consensus effect” (Ross et al., 1977). Ross et al. uncovered that people have the tendency to “see one’s own behavioral choices and judgments as relatively common and appropriate to existing circumstances while viewing alternative responses as uncommon, deviant, or inappropriate” (p. 280). As noted by Choi and Cha (2019), this can result in blind spots and overconfidence in one’s decisions. This is neatly captured by Choi et al. (2024), “people will agree what I think.” After decades of subsequent research, the false consensus effect has been shown to be robust and prevalent in multiple settings (Marks and Miller, 1987; Mullen et al., 1985; Fabrigar and Krosnick, 1995; Welborn et al., 2017; Bunker and Varnum, 2021; Dohmen et al., 2023).

Accordingly, researchers who are also environmentalists (those who want to protect the environment) might tend towards interventions that highlight negative environmental impacts because this is what influences them personally, and they may assume that it will be equally persuasive to the average consumer. This environmentalist bias might help to explain the continued exploration of carbon labelling as an intervention (Macdonald, 2024). More broadly, there may be a “scientist bias,” where researchers may tend towards interventions that display some form of specialist scientific data, which is more meaningful to scientists with specialist skills and knowledge (Macdonald, 2024). It may also help to explain what I call the “anomaly of asking” whereby academic researchers who seek to influence behavioural change will often fail to first engage with those they are seeking to influence. By contrast, effective interventions that come out of the private sector are often the result of prior engagement with the consumer. For example, pioneering and highly successful marketers such as Ogilvy (1963) and Dichter (1964) implemented and strongly advocated for data-driven approaches such as prior consumer interviews, focus groups, and A/B testing.



Nudge by proxy

In an attempt to uncover a more effective nudge and mitigate various researcher biases, I decided to conduct a consumer-led approach that resulted in discussions with thousands of meat consumers (Macdonald, 2025). Like the early pioneers of consumer psychology, I organised workshops, focus groups, interviews, and surveys. I asked simple and direct questions such as “Why are you buying this?,” “Why are you not buying this?,” “What would convince you to buy this?,” “What would deter you from buying this?.” One of the goals was to ascertain which types of data may be more meaningful and persuasive to the average consumer. From the beginning, protein content was emerging as a key focal point (Macdonald, 2020). In subsequent years, this continued to emerge as a common theme (Macdonald, 2025). This led me to develop the concept of “situational myth-busting” (Macdonald, 2023), which involves displaying information that addresses common consumer misconceptions. In associated experiments, I found that protein labelling was able to outperform carbon labelling (Macdonald, 2023; Macdonald, 2024). The approach evolved into the broader concept of a “nudge by proxy”—indirect interventions that do not call attention to the external cost that one is seeking to address (Macdonald, 2024; Macdonald, 2025).

The research and experiments in this paper expand on this work. Firstly, it expands on the initial market research; my aforementioned 2020 paper, for example, is becoming out of date, it had a relatively small sample size, and the survey design could be improved. Secondly, much of my approach and results have been explorative and are unpublished; therefore, this paper formalises and documents my work in a manner that will better facilitate further research. Finally, across two experiments, I further explore the efficacy of protein labels as a nudge by proxy. In particular, to address gaps in the literature and build upon prior work, the two experiments explore the nudge by proxy with expanded participant demographics, larger sample sizes, and improved experiment designs.




Consumer survey

A consumer survey was distributed in an attempt to uncover the most frequently cited barrier that is preventing consumers from switching to a meat-free diet. If a clear most-frequent response is uncovered, it would then be used to inform the creation of a subsequent nudge intervention.

Note that this survey seeks to uncover barriers. Frequent, recent, and robust studies have explored why people have transitioned to a meat-free diet (Heiss et al., 2021; Białek-Dratwa et al., 2024; Veganuary, 2024; Dhont and Ioannidou, 2025; Veganuary, 2025). Such studies consistently reveal negative impacts on health and the environment, as well as animal welfare as top motivations. By contrast, my consumer survey explores why people are not transitioning to a meat-free diet. This framing is used to isolate a single precise barrier to subsequently inform an indirect, nudge by proxy approach that does not call attention to the external cost that one might be seeking to mitigate or obviate. This approach of engaging with the average consumer to uncover and address the most common barrier is in line with the consumer-centric strategy used by the early pioneers of consumer psychology (Ogilvy, 1963; Dichter, 1964; Kotler, 1967).


Survey questions

When designing the survey, it was important to acknowledge that questions can be a problematic tool to uncover truths. As noted by Choi and Pak (2005), “Bias may arise from the way individual questions are designed, the way the questionnaire as a whole is designed, and how the questionnaire is administered or completed.”

For example, framing bias and leading questions can result in responses that are inaccurate (Foddy, 1993; Aday, 1996; Erčulj and Šulc, 2025); order bias can significantly influence the responses (Perreault, 1975; Israel and Taylor, 1990; Thau et al., 2021); multiple-choice questions can steer the participant (Choi and Pak, 2005; Hyman and Sierra, 2016); lengthy questionnaires can bias results due to response fatigue (Smeds, 2022; Zimba and Gasparyan, 2023); and the presence of participants and researchers can result in conformity bias and experimenter demand effects (Asch, 1956; Burke et al., 2010; Campbell-Meiklejohn et al., 2010; Zizzo, 2010).

To remove order bias and response fatigue, only one question was provided to each participant. To mitigate steering the participant, the responses were to be given via an open text field rather than a multiple-choice format. To mitigate framing bias and wording bias, three versions of the question were created using different terminology. While removing multiple-choice response options and opting for an open text field can help to mitigate acquiescence, steering, and order bias, the scope of the open text field will introduce new influences. To mitigate this, the three questions contained different response options: (1) up to 3 words, (2) a single paragraph, (3) a list of 3.

The three questions were as follows:


	Q1 = In up to three words, what is the main reason you would not stop eating meat?

	Q2 = In a single paragraph, what is the most significant reason why you would not consider switching to a meat-free diet?

	Q3 = Starting with the most significant, what are the top three reasons stopping you from adopting a diet that does not include meat?





Participants

There were 1,500 participants in total (50/50 male-to-female ratio). Country of residence and nationality were both confided to the United Kingdom. Each participant was also a student, aged 18–25, and was non-vegan and non-vegetarian.



Procedure

The questions were distributed via Prolific, the academic survey distribution service. 100% of the participants in the Prolific database are ID-checked and verified. Each question was distributed to 500 participants. Quota sampling was used to ensure a 50/50 male-to-female ratio. Each participant was only permitted to view and respond to one of the questions. As there were three questions in total, there were 1,500 participants. The questions were accessed via a private online portal. No identifying data was collected.



Results

Responses were read through line by line as an initial control check. It was noted that the results were simple, concise, and clear, with protein appearing frequently. For example, the response data contained the following entries, “need the protein,” “good protein source,” “protein and taste,” “protein for gym,” “protein needs,” “PROTEIN.” It was also observed that there were cases where the concept of meat and the concept of protein appeared to be inextricably linked (e.g., “Getting protein from meat feels vital to me,” “It is healthy to eat meat/protein,” “Meat is protein”).

Due to the narrow subject remit of the descriptive questions, the conciseness of the responses, and the repetition across participants, a frequency analysis was conducted (Bell, 2018; Saunders et al., 2019). A top 10 frequency detector approach was deemed optimal due to the goal of uncovering the most frequently cited barrier (Field, 2018; Tabachnick and Fidell, 2019).



Frequency analysis

An initial light cleaning process was conducted: first, a standardisation process was conducted that converted all letters to lowercase and corrected all typos (each typo correction was human-verified); next, non-relevant words were removed (e.g., “it,” “than,” “that”). After the cleaning process, word frequencies were calculated for each group and each question. The results can be seen in Table 1 with the frequency of each word in parentheses.


TABLE 1 A table showing word frequencies for the responses to questions 1, 2, and 3. The table shows the top ten most frequent words. The frequency of each word is provided in parentheses.


	Q1 Men
	Q1 Women
	Q2 Men
	Q2 Women
	Q3 men
	Q3 women
	All (N = 1,500)

 

 	Protein (106) 	Protein (114) 	Protein (142) 	Protein (134) 	Protein (160) 	Protein (144) 	Protein (800)


 	Taste (45) 	Taste (40) 	Taste (78) 	Taste (45) 	Taste (78) 	Taste (64) 	Taste (350)


 	Tastes (25) 	Health (22) 	Nutrients (23) 	Iron (34) 	Cost (41) 	Cost (29) 	Health (120)


 	Health (18) 	Tastes (21) 	Expensive (22) 	Nutrients (29) 	Expensive (25) 	Easy (24) 	Cost (105)


 	Tasty (13) 	Tasty (16) 	Healthy (18) 	Expensive (29) 	Health (23) 	Options (24) 	Expensive (97)


 	Cost (12) 	Nutrition (10) 	Difficult (18) 	Health (28) 	Convenience (20) 	Convenience (22) 	Tastes (91)


 	Convenience (12) 	Nutrients (7) 	Health (17) 	Options (18) 	Options (20) 	Expensive (21) 	Options (85)


 	Easy (10) 	Cost (7) 	Tastes (16) 	Difficult (17) 	Price (18) 	Tastes (15) 	Nutrients (73)


 	Nutrition (9) 	Easier (6) 	Cost (16) 	Vitamin (13) 	Nutrients (14) 	Price (14) 	Convenience (60)


 	Options (9) 	Convenience (6) 	Options (14) 	Benefits (12) 	Tastes (14) 	Health (12) 	Difficult (35)




 

The top 10 lists contained sufficient depth as each column contained counts that differed by an order of magnitude—for example, with Q3 for Men, “tastes” was number 10 on the frequency list and “protein” was number 1 (14 vs. 160—an order of magnitude). The full results revealed that regardless of the question and regardless of gender, the most frequent word was “protein.” When looking at all 1,500 responses, “protein” appeared 2.29 times more than the second most frequent word, “taste”—evident in the graph in Figure 1. It is important to note that despite the already high frequency of “protein,” it is underreported as multiple indirect references were used throughout the survey with terms such as “health,” “nutrition,” “growth,” “macros,” “muscle,” and “amino acids”—e.g., “The health benefits,” “My nutritional needs,” “To build muscle and to be a healthy human you must eat meat,” “Scared I will lose muscle,” “I go to the gym and so meat is essential for my health,” “Meat is necessary for growth,” “Meat has essential amino acids that the body needs to function,” “Hard to hit macros.” Such examples reference or suggest “protein” without explicitly mentioning it.

[image: Bar chart titled “Why are you not switching to a meat-free diet?” shows the top ten reasons. “Protein” is the highest at 800, followed by “Taste” at 350, and “Health” at 120.]

FIGURE 1
 A bar graph showing word frequencies for the responses to questions 1, 2, and 3 combined. The graph shows the top ten most frequent words. The frequency of each word is written above each bar.




Exploratory thematic analysis

When looking at the most frequent words, clear groupings can be made. For example, “taste” could logically be grouped with “tastes.” Likewise, “cost” and “expensive” could be logically grouped together. When doing so, this does not uncover a new most-frequent response (“taste” + “tastes” = 441; “cost” + “expensive” = 202; “protein” = 800) but it does provide valuable insight. When including additional potential groupings (e.g., “convenience” and “difficult,” “health” and “nutrients”), a temporal theme (before, during, and after) emerged. In short, consumer thoughts around acquiring and preparing a food item (such as “cost”), thoughts around eating it (such as “taste”), and thoughts about how it will benefit them afterwards (such as the “nutrients” they will have acquired). This evolved into the Triple E Framework: Ease, Enjoyment, and Extraction.

Words such as “cost” and “convenience” could be thought of as the “ease” of acquiring the food, words such as “taste” could be thought of as the “enjoyment” of eating the food, and words such as “nutrients” and “protein” could be thought of as what the consumer expects/hopes to “extract” from food. The application of this framework via thematic colour coding, and stacking and grouping, can be seen in Table 2.


TABLE 2 A table showing word frequencies for the responses to questions 1, 2, and 3. The table shows the top ten most frequent words. The frequency of each word is provided in parentheses. A thematic colour coding has been applied: Green = words associated with “Extraction”, Red = words associated with “Enjoyment”, Blue = words associated with “Ease”.


	Q1 men
	Q1 women
	Q2 men
	Q2 women
	Q3 men
	Q3 women
	All (N = 1,500)
	All: thematically stacked

 

 	Protein (106) 	Protein (114) 	Protein (142) 	Protein (134) 	Protein (160) 	Protein (144) 	Protein (800) 	Extraction stack (993)


 	Taste (45) 	Taste (40) 	Taste (78) 	Taste (45) 	Taste (78) 	Taste (64) 	Taste (350) 	Enjoyment stack (441)


 	Tastes (25) 	Health (22) 	Nutrients (23) 	Iron (34) 	Cost (41) 	Cost (29) 	Health (120) 	Ease stack (382)


 	Health (18) 	Tastes (21) 	Expensive (22) 	Nutrients (29) 	Expensive (25) 	Easy (24) 	Cost (105) 	All: category groupings


 	Tasty (13) 	Tasty (16) 	Healthy (18) 	Expensive (29) 	Health (23) 	Options (24) 	Expensive (97) 	Protein (800)


 	Cost (12) 	Nutrition (10) 	Difficult (18) 	Health (28) 	Convenience (20) 	Convenience (22) 	Tastes (91) 	Taste/tastes (441)


 	Convenience (12) 	Nutrients (7) 	Health (17) 	Options (18) 	Options (20) 	Expensive (21) 	Options (85) 	Cost/expensive (202)


 	Easy (10) 	Cost (7) 	Tastes (16) 	Difficult (17) 	Price (18) 	Tastes (15) 	Nutrients (73) 	Health/nutrients (193)


 	Nutrition (9) 	Easier (6) 	Cost (16) 	Vitamin (13) 	Nutrients (14) 	Price (14) 	Convenience (60) 	Convenience/difficult (95)


 	Options (9) 	Convenience (6) 	Options (14) 	Benefits (12) 	Tastes (14) 	Health (12) 	Difficult (35) 	Options (85)




 

The extraction stack (which contains “protein,” “nutrients,” and “health”) is the largest at 993 words—followed by the enjoyment stack at 441, and the ease stack at 382. Accordingly, words relating to the health and nutritional benefits that the consumer can personally extract from the food account for the majority of the words among the top 10 most frequently used words. This is aptly visualised in the treemap in Figure 2. It was noted that, as food is a very personal item as it enters the consumer’s body, it was logical that consumers may be focused on what their bodies will extract from the item, or what foregoing a food choice may deprive them of.

[image: Treemap showing reasons for not switching to a meat-free diet, categorized by themes: “Extraction” with “Protein”, “Health”, “Nutrients” in green; “Enjoyment” with “Taste”, “Tastes” in red; “Ease” with “Cost”, “Expensive”, “Options”, “Convenience”, “Difficult” in blue. The “Extraction” theme accounts for over 50% of the treemap.]

FIGURE 2
 A treemap showing word frequencies for the responses to questions 1, 2, and 3 combined. The treemap shows the top ten most frequent words. A thematic colour coding has been applied: Green = words associated with “Extraction”, Red = words associated with “Enjoyment”, Blue = words associated with “Ease”.


Based on the responses, the subsequent two experiments explored the efficacy of nudges that include protein data, as well as protein data plus additional nutrient data. The latter could be described as a “polynudge” as it combines multiple motivations (Macdonald, 2024). Each experiment follows a conventional three-arm format (Control vs. Intervention 1 vs. Intervention 2).




Experiment 1

Experiment 1 compares a conventional green nudge intervention (carbon labelling) with a green nudge by proxy intervention (protein labelling). There are three hypotheses:


	H1 = Participants will be more likely to purchase the meat-free food item when the label includes additional emissions data when compared to the control group (where the label only includes product name and cost).

	H2 = Participants will be more likely to purchase the meat-free food item when the label includes additional protein data when compared to the control group.

	H3 = Participants will be more likely to purchase the meat-free food item when the label includes additional protein data when compared to the label that includes additional emissions data.



These hypotheses are in line with prior experiments that found that carbon labelling outperforms control conditions (Lohmann et al., 2022; Macdonald, 2023) and protein labelling outperforms carbon labels (Macdonald, 2023; Macdonald, 2024). More broadly, the carbon labelling hypothesis is in line with the theory that individuals might be more likely to consume products that are openly flagged as more sustainable to signal prosocial values to others (Berger, 2017; Puska, 2018; McGuicken and Palomo-Vélez, 2021).

While the experiment shares similarities with my prior experiments (Macdonald, 2023; Macdonald, 2024), there are three significant improvements: (1) an experiment design that includes imagery and is therefore not merely text-based, (2) a significantly larger sample size (1,500 vs. up-to-600), and (3) the widening of the demographic remit to include women—prior experiments were focused on Men as, on average, Men are less likely to adopt a meat-free diet (Graça et al., 2015; Mensink et al., 2016; Rosenfeld and Tomiyama, 2021).


Participants

There were 1,500 participants in total (50/50 male-to-female ratio). Country of residence and nationality were both confided to the United Kingdom. Each participant was also a student, aged 18–25, and was non-vegan and non-vegetarian.



Procedure

In the experiment, participants were sent a link giving them access to a private online portal where they were asked to look at a menu and answer a single question: “Which one would you buy?” The participants were randomly assigned to one of three groups: Control Group, Carbon Group, and Protein Group. There were 500 participants in each group.

In all groups, the menu contained only two items from Greggs (a well-known British bakery chain): a sausage roll, and a vegan sausage roll. Non-fictional items from a well-known organisation with their up-to-date images, names, and costs were selected to more accurately reflect reality. The two items were selected due to their similarities in an attempt to reduce unintended variables; both items are the same price and are very similar in shape, colour, texture, and taste.

For the Control Group, the labelling included only the item names and the item costs; for the Carbon Group, the labelling included additional carbon footprint data in parentheses; and for the Protein Group, the labelling included additional protein data in parentheses.

Neither a weighted ingredient list nor carbon footprint data was available on the Greggs website. Therefore, carbon footprint values from non-branded similar products were used, which were provided by the Consumer Data Research Centre (Booth et al., 2023). Protein values were available from the Greggs website.

The images provided to each group can be seen in Figure 3.

[image: The images provided to each group. Each image is of a two-item menu choice: a sausage roll costing £1.45 and a vegan sausage roll at the same price. For the Control Group, the labelling includes only the item names and the item costs; for the Carbon Group, the labelling includes additional carbon footprint data in parentheses; and for the Protein Group, the labelling includes additional protein data in parentheses. The carbon footprint values are 369gCO2e for the meat sausage roll and 71gCO2e for the vegan sausage roll. The Protein group highlights 9.2 grams of protein in the meat sausage roll and 11 grams in the vegan sausage roll.]

FIGURE 3
 The images provided to each group in Experiment 1. For the Control Group, the labelling includes only the item names and the item costs; for the Carbon Group, the labelling includes additional carbon footprint data in parentheses; and for the Protein Group, the labelling includes additional protein data in parentheses.




Results

In the Control Group, 45 Men and 52 Women selected the meat-free option; in the Carbon Group, 57 Men and 68 Women selected the meat-free option; and in the Protein Group, 94 Men and 90 Women selected the meat-free option. Results displayed as a bar graph can be seen in Figure 4.

[image: Bar graph comparing meat-free choice selections among men and women for three groups: Control, Carbon, Protein. Men: Control 45/250, Carbon 57/250, Protein 94/250. Women: Control 52/250, Carbon 68/250, Protein 90/250. Protein group shows the highest selection in both genders.]

FIGURE 4
 A bar graph showing the results from Experiment 1: Red = Control Group, Orange = Carbon Group, Green = Protein Group. The values depicted reflect the number of participants who selected the meat-free option.




H1

Hypothesis 1 was that more participants would purchase the meat-free option when the label included additional emissions data when compared to the control group. The descriptive data supports this hypothesis as in the Control Group, 18% of Men and 20.8% of Women selected the meat-free option whereas, in the Carbon Group, 22.8% of Men and 27.2% of Women selected the meat-free option.

The responses required to assess the hypotheses involve binary categorical variables: either the participants chose the meat-free food item, or they did not. Accordingly, to assess for statistical significance, I ran a two-sample test for equality of proportions (α = 0.05)—using Pearson’s chi-squared test.

The H1 test revealed that there was not a statistically significant difference between the Control Group and the Carbon Group for both Men [χ2 (1) = 1.49, p = 0.22] and Women [χ2 (1) = 2.46, p = 0.11]. Therefore, the null hypothesis cannot be rejected and H1 does not hold.



H2

Hypothesis 2 was that participants will be more likely to purchase the meat-free food item when the label includes additional protein data when compared to the control group. The descriptive data supports this hypothesis as in the Control Group, 18% of Men and 20.8% of Women selected the meat-free option, whereas in the Protein Group, 37.6% of Men and 36% of Women selected the meat-free option.

The H2 test revealed a statistically significant difference between the Protein Group and the Control Group [Men (χ2 (1) = 22.95, p < 0.001); Women (χ2 (1) = 13.46, p < 0.001)], with a small-to-medium effect size [Men (Cohen’s h = 0.44); Women (Cohen’s h = 0.33)]. Therefore, the null hypothesis is rejected and H2 holds.



H3

Hypothesis 3 was that more participants would purchase the meat-free option when the label included additional protein data when compared to additional carbon data. The descriptive data supports this hypothesis as in the Carbon Group, 22.8% of Men and 27.7% of Women selected the meat-free option, whereas in the Protein Group, 37.6% of Men and 36% of Women selected the meat-free option.

The H3 test revealed that there was a statistically significant difference between the Carbon Group and the Protein Group for both Men [χ2 (1) = 12.29, p < 0.001; Cohen’s h = 0.324] and Women [χ2 (1) = 4.08, p = 0.04; Cohen’s h = 0.178]. Therefore, the null hypothesis is rejected and H3 holds.




Experiment 2

Experiment 2 compares a nudge by proxy intervention (protein labelling) with a polynudge intervention (protein & fat labelling). There are three hypotheses:


	H1 = Participants will be more likely to purchase the meat-free food item when the label includes additional protein data when compared to the control group.

	H2 = Participants will be more likely to purchase the meat-free food item when the label includes additional protein and fat data when compared to the control group.

	H3 = Participants will be more likely to purchase the meat-free food item when the label includes additional protein and fat data when compared to the label that includes additional protein data only.



H1 and H2 are in line with Experiment 1 and prior experiments (Macdonald, 2023; Macdonald, 2024) that found that protein labelling outperforms control conditions, H3 is in line with the thematical analysis conducted on the responses from the initial consumer survey, namely that health and nutrients (extractions) appear to be a key focus for the consumer.


Participants

There were 1,500 participants in total (50/50 male-to-female ratio). Country of residence and nationality were both confided to the United Kingdom. Each participant was also a student, aged 18–25, and was non-vegan and non-vegetarian.



Procedure

In the experiment, participants were sent a link giving them access to a private online portal where they were asked to look at a menu and answer a single question: “Which one would you buy?” The participants were randomly assigned to one of three groups: Control Group, Protein Group, and Protein and Fat Group. There were 500 participants in each group.

In all groups, the menu contained only two items from Greggs: a sausage breakfast roll, and a vegan sausage breakfast roll. For the Control Group, the labelling included only the item names and the item costs; for the Protein Group, the labelling included additional protein data; and for the Protein and Fat Group, the labelling included additional protein and fat data. Note that, in Experiment 2, a different item was used (the breakfast roll rather than the sausage roll) and a different method of displaying the additional data (as a stylised label rather than via plain text which was done to more accurately reflect real-world scenarios). These differences help to provide convergent evidence.

Carbon footprint values from non-branded similar products were provided by the Consumer Data Research Centre (Booth et al., 2023), and protein and fat values were available from the Greggs website.

The images provided to each group can be seen in Figure 5.

[image: The images provided to each group. Each image is of a two-item menu choice: a meat breakfast roll and a vegan breakfast roll both priced at £2.40. For the Control Group, the labelling includes only the item names and the item costs; for the Protein Group, the labelling includes additional protein data via a stylised label; and for the Protein and Fat Group, the labelling includes additional protein and fat data via a stylised label. The protein data reveals 17 grams for the meat option and 23 grams for the vegan option. The fat data reveals 16 grams for the meat option and 14 grams for the vegan option.]

FIGURE 5
 The images provided to each group in Experiment 2. For the Control Group, the labelling includes only the item names and the item costs; for the Protein Group, the labelling includes additional protein data via a stylised label; and for the Protein and Fat Group, the labelling includes additional protein and fat data via a stylised label.




Results

In the Control Group, 46 Men and 60 Women selected the meat-free option; in the Protein Group, 129 Men and 132 Women selected the meat-free option; and in the Protein and Fat Group, 120 Men and 134 Women selected the meat-free option. Results displayed as a bar graph can be viewed in Figure 6.

[image: Bar graph comparing the selection of meat-free options among men and women across three groups: Control, Protein, and Protein & Fat. For men, Control 46/250, Protein 129/250, and Protein and Fat 120/250. For women, Control 60/250, Protein 132/250, and Protein & Fat 134/250.]

FIGURE 6
 A bar graph showing the results from Experiment 2: Red = Control Group, Green = Protein Group, Blue = Protein and Fat. The values depicted reflect the number of participants who selected the meat-free option.




H1

Hypothesis 1 was that more participants would purchase the meat-free option when there was additional protein data when compared to the control group.

The descriptive data supports this hypothesis as in the Control Group, 18.4% of Men and 24% of Women selected the meat-free option whereas, in the Protein Group, 51.6% of Men and 52.8% of Women selected the meat-free option.

The H1 test revealed a statistically significant difference between the Protein Group and the Control Group [Men (χ2 (1) = 59.112, p < 0.001); Women (χ2 (1) = 42.622, p < 0.001)], with a medium-to-large effect size [Men (Cohen’s h = 0.72); Women (Cohen’s h = 0.60)]. Therefore, the null hypothesis is rejected and H2 holds.



H2

Hypothesis 2 was that participants will be more likely to purchase the meat-free food item when there was additional protein and fat data when compared to the control group. The descriptive data supports this hypothesis as in the Control Group, 18.4% of Men and 24% of Women selected the meat-free option, whereas in the Protein and Fat Group, 48% of Men and 53.6% of Women selected the meat-free option.

The H2 test revealed a statistically significant difference between the Protein and Fat Group and the Control Group [Men (χ2 (1) = 48.06, p < 0.001); Women (χ2 (1) = 44.88, p < 0.001)], with a medium-to-large effect size [Men (Cohen’s h = 0.64); Women (Cohen’s h = 0.62)]. Therefore, the null hypothesis is rejected and H2 holds.



H3

Hypothesis 3 was that more participants would purchase the meat-free option when there was additional protein and fat data when compared to additional protein data only. The descriptive data is inconclusive as in the Protein Group, 51.6% of Men and 52.8% of Women selected the meat-free option, whereas in the Protein and Fat Group, 48% of Men and 53.6% of Women selected the meat-free option.

The H3 test revealed that there was not a statistically significant difference between the Protein Group and the Protein and Fat Group for both Men [χ2 (1) = 0.512, p = 0.47] and Women [χ2 (1) = 0.008, p = 0.92]. Therefore, the null hypothesis cannot be rejected and H3 does not hold.




Discussion

The path to reducing global meat consumption is paved with consumer choices. The most effective way to influence these choices is not necessarily to educate consumers about complicated external costs but to understand and address their immediate, personal motivations. The popular focus on carbon labelling appears to be a manifestation of an “environmentalist bias,” leading to interventions that are more meaningful to their creators than to their target audience. Accordingly, in alignment with the early pioneers of consumer psychology, I began by asking consumers simple, direct questions to uncover the most frequently cited barrier (Ogilvy, 1963; Dichter, 1964; Kotler, 1967).

The consumer survey, designed to mitigate common biases, unequivocally identified protein as the primary stated barrier preventing the adoption of a meat-free diet for both men and women. This insight fed into the two subsequent choice experiments that included interventions that revealed high protein content in the meat-free options.

In line with my prior experiments (Macdonald, 2023; Macdonald, 2024), protein labelling outperformed both the control group and the carbon labelling group. The efficacy of the protein label was promising; in Experiment 2, the meat-free meal choice was selected by less than a quarter of the participants in the control group, and by over half of the participants in the protein group—a finding consistent for men and women. This increase of more than 100% made the selection of the meat-free item the majority decision and thus marked a significant step-change.

The promising results, now repeated over multiple experiments, open many opportunities for further experimentation. Furthermore, unlike carbon labelling, protein data is undisputed, readily available, and easy to display.

However, while the results are compelling, the study’s limitations must be acknowledged. The participant pool consisted exclusively of UK-based students aged 18–25. While this demographic is a key target for dietary change interventions, the findings may not be generalisable to other age groups, socioeconomic strata, or cultural contexts. It may well be the case that protein is only a key barrier among the reported demographics. In other words, there may be a UK Gen Z “protein hype.” For other demographics, taste, cost, or tradition might be stronger drivers of food choice. Furthermore, the experiments were conducted in a hypothetical online setting. Although designed for realism using real-world products and pricing, this cannot fully replicate the complex environmental and social cues of an actual purchasing situation. Future research should aim to address these limitations. Replicating these experiments in real-world environments would be a critical next step to validate the findings.

Future research could also explore the long-term effects of these nudges to see if the behavioural shift is sustained over time. It should also be noted that protein was revealed as a driving motivator using self-report measures. Accordingly, unconscious barriers may have been missed. Protein may be a proxy for a broader barrier, such as conformity to gender symbolism (Rothgerber, 2013; Camilleri et al., 2024; Velzeboer et al., 2024) or perceived value for money or social status (Hupkens et al., 2000; Chan and Zlatevska, 2019; Wiesli, 2025). These broader barriers would be in line with a known observation that resistance to dietary change is often associated with protecting one’s self-image (Onwezen et al., 2025). Even if protein were confirmed as the primary barrier across a broader audience, there would still be significant further work to be done to determine the optimal intervention strategy. Would a label-based intervention be sufficient, or would it need to be paired with a more comprehensive educational component to help counteract the known widespread misinformation and lobbying from large animal agriculture corporations? (Mialon and Mialon, 2017; Clare et al., 2022; Krattenmacher et al., 2024; Loy and Jacquet, 2025).

Moreover, the inconclusive result of the polynudge in Experiment 2 warrants further investigation. It may be the case that protein content is the dominant perceived nutritional benefit in a simple protein-rich breakfast item. Likewise, it may be the case that consumers are less concerned about fat content, as such breakfast items may be viewed as inherently high in fat. Accordingly, polynudge experiments with other items in different settings may yield more promising results. Likewise, perhaps a different data point would be more efficacious. For example, would combining protein information with calorie count or fibre yield different results? What about another category of data inspired by the Triple E Framework, such as interventions focusing on “Ease”—such as highlighting the quick cooking times for plant-based meals? What about combining a nutrient-based nudge with an ethical nudge? However, especially with regard to the latter, one needs to consider the quality of the data and potential consumer and vendor pushback. There also needs to be consideration with regard to the trade-off between the potential increased efficacy of product-specific interventions and the potential increased scalability of interventions that can be more widely applied. It may also be the case that a polynudge is inherently less effective than a single, more targeted motivator.

The experiments revealed in this paper address what I refer to as an “insufficiency illusion” whereby consumers falsely believe certain products to be lacking in a key area (e.g., protein content). However, it is important to acknowledge that this is not always a false belief. While the meat-free options in the reported studies were comparable to the meat options (and by some metrics better than the meat options), this was facilitated by the item choice; meat sausages are often higher in fat and lower in protein than other common meat-based products (Pérez et al., 2023; Leivers et al., 2025). There are many cases where meat-free options are genuinely lacking in a given area—including in key aspects frequently raised in the aforementioned consumer survey, such as affordability, taste, and nutrition. Accordingly, I encourage future researchers to also address what I refer to as “availability illusion.” This is a form of tokenism whereby meat-free options are available but are genuinely lacking in a key area—for example, if the meat option is a chicken burger but the meat-free option is a potato burger, then an authentic equivalent/alternative has not been provided to the consumer. In such scenarios, vendors and researchers who seek to reduce meat consumption must embrace inconvenient truths and improve the meat-free options. Accordingly, an honest audit of the meat-free offerings will form a key part of future interventions. It may be the case that prior experiments have yielded modest results or have limited potential because the meat-free options were not well considered and were legitimately poor quality. Furthermore, pushing consumers towards bad meat-free options can ultimately increase meat consumption in the long term. This is an inherent risk with nudge interventions; they may be the result of a short-sighted “stick a new label on it” approach that fails to critically review and evaluate products prior to seeking to increase their consumption. Ultimately, it is my belief that behavioural scientists should deeply engage with both consumers and the products prior to rolling out interventions. We should start from first principles (e.g., are the meat-free options good? If not, how can we make them good? If they are good, let us ask consumers why they aren’t choosing them).

In short, if we are to successfully decrease meat consumption, we must fix the negatives as well as better signpost positives, a multi-pronged approach that addresses the availability illusion as well as the insufficiency illusion—a practical data-driven approach that both creates and reveals better options for the consumer.
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