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A B S T R A C T   

Global meat consumption is a significant contributor to greenhouse gases emissions and environmental degra
dation, therefore, shifting diets to plant-based products will help to protect planetary health. However, omniv
orous consumers often perceive plant-based products as less tasty and appealing than their meat-based 
counterparts. Previous research has shown that presenting plant-based dishes in terms of the rewarding aspects 
of consumption (i.e., with consumption and reward descriptions) can make them more appealing. Here, we 
report three online studies (using the research platform Prolific) to illustrate and test a systematic, data-driven 
procedure for generating such consumption and reward descriptions. In Study 1 (N = 653), we asked participants 
to rate the extent to which various sensory, context, and hedonic features were viewed as positive or negative in 
relation to 20 savoury dishes. In Study 2 (N = 246), we selected the most positive features from Study 1 and 
asked participants to rate the fit of these features in relation to 12 novel plant-based dishes. In Study 3 (N =
1,204), we used the features with the highest “fit” scores from Study 2 to examine whether descriptions that 
incorporated them could increase the appeal and intention to order the same 12 plant-based dishes. As predicted, 
consumption and reward descriptions led to significantly higher dish appeal and order intentions compared to 
control descriptions. Consequently, consumption and reward descriptions may help to increase the consumption 
of plant-based foods, reducing the demand for animal-based products and the associated greenhouse gas emis
sions and other environmental impacts.   

1. Introduction 

1.1. Research overview 

Global temperatures are currently more than 1 ◦C higher than pre- 
industrial levels and have been linked to the recent changes in climate 
that threaten many aspects of modern-day life (The Intergovernmental 
Panel on Climate Change (IPCC), 2023). A recent synthesis report (IPCC, 
2023) suggests that global warming may shortly exceed the 1.5 ◦C target 
outlined in the Paris Agreement, assuming a low greenhouse gas (GHG) 
emission scenario. However, a high GHG emission scenario could in
crease global temperatures by as much as 4.4 ◦C by the end of the 
century. Agriculture is one of the leading contributors to climate change 
with the production of food accounting for 34 % of all global greenhouse 
gas emissions (Crippa et al., 2021). As a large proportion of this comes 
from the production of meat (Poore & Nemecek, 2018), shifting diets 
from meat-based products to plant-based products is essential in order to 
curb the climate crisis. 

Many consumers are reluctant to transition to more plant-based diets 
due to the expectation that plant-based foods are less tasty and 
rewarding than meat-based foods. Perez-Cueto et al. (2022) found that 
two of the main barriers to plant-based food consumption were the 
expectation that they would not be tasty enough and that they would not 
be enjoyable. Furthermore, Michel et al. (2021) found that a beef burger 
was expected to be tastier than both a pea burger and an algae burger. 
Consequently, improving the taste expectations of plant-based products 
may facilitate the transition to a plant-based diet. Indeed, previous 
research has found that describing plant-based foods in terms of the 
rewarding aspects of consumption increases their perceived attractive
ness (Papies et al., 2020a), and focusing on the taste-related aspects 
increases the selection and consumption of healthy vegetable dishes 
(Turnwald and Crum, 2019). Therefore, the aim of the present research 
is to advance these findings by taking a systematic approach to the 
development of descriptive labels that focus on the rewarding aspects of 
consumption and examine the effect on appeal of plant-based foods, so 
that this procedure can be easily and widely applied in food settings. 
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1.2. The role of mental simulation in the experience of desire 

We based our approach on the Grounded Cognition Theory of Desire, 
according to which each consumption episode creates or updates a 
cognitive representation of eating that food, which may contain infor
mation about sensory, context, and reward experiences, among others 
(Papies & Barsalou, 2015; Papies et al., 2020b). These experiences can 
later be re-enacted, or simulated, for example when triggered by seeing 
the food, smelling the food, or reading a description of it. Simulating 
eating the food can increase its appeal and the desire to eat it. Therefore, 
language that triggers eating simulations can increase the motivation to 
consume a food (Papies et al., 2020b; Papies et al, 2022a). 

The role of simulation in the experience of food desire has been 
illustrated in a variety of studies. Papies et al. (2022b) presented par
ticipants with various non-alcoholic beverages and asked them to 
describe each drink, before measuring their desire to consume each 
drink in the present moment. Participants who listed a higher proportion 
of consumption and reward features (i.e., sensory, context, and features 
describing immediate positive consequences combined) reported higher 
desire and also drank more of the drinks in a laboratory setting. Further 
research has shown that participants who thought about alcoholic 
drinks more in terms of their consumption and reward features reported 
stronger cravings for them (Keesman et al., 2018). Another experiment 
asked participants to list features describing 20 savoury dishes before 
rating their level of desire for each dish (Farrar & Papies, 2023). Par
ticipants who listed a higher proportion of consumption and reward 
features reported higher desire, greater intentions to consume the 
dishes, and higher frequency of consumption four weeks later. Similarly, 
Davis et al. (2022) found that using consumption and reward features 
when describing foods was positively associated with their attractive
ness ratings, likelihood of ordering, and eating intentions, and intake 
over a 4-week follow-up. Overall, these findings suggest that thinking 
about a food in terms of consuming it, or in terms of consumption 
simulations, is positively associated with desire, intentions, and 
behaviour. 

1.3. Descriptions of Meat-Based and Plant-Based foods 

Previous work has shown that plant-based ready meals are often 
described more in terms of ingredients, visual aspects, and health ben
efits (e.g., chickpeas, colourful, healthy; so-called situation independent 
features; Papies et al., 2020a), compared to meat-based foods, which are 
often described with reference to reward (e.g., tasty, delicious, warm
ing). Indeed, Runte et al. (2024), found that the plant-based discourse in 
the USA focuses mainly on ingredients and preparation, while in India 
and Switzerland there is an additional focus on health benefits. 
Furthermore, Davis & Papies (2022) analysed the hashtags used in 
Instagram posts for meat-based, vegetarian, and plant-based foods 
across two studies and found that posts about meat-based foods had 
more consumption and reward features and fewer situation independent 
features than posts about vegetarian and plant-based foods (see also 
Turnwald et al., 2017a). Based on the Grounded Cognition Theory of 
Desire, these differences are important as they imply that consumers will 
be less likely to simulate eating and enjoying plant-based foods when 
exposed to these descriptions, reducing desire to consume them. 

1.4. Increasing the appeal of Plant-Based foods 

In order to increase the appeal of plant-based foods, Papies et al. 
(2020a) adapted the descriptions of 20 meat-based and 20 plant-based 
ready meals to either include sensory, context, and hedonic words 
(simulation-based descriptions) or only words referring to ingredients, 
food category, or food composition (control descriptions). Overall, 
simulation-based descriptions led to higher self-reported eating simu
lations and increased the attractiveness of the plant-based dishes, with 
the effect of the labels on attractiveness fully mediated by eating 

simulations (see also Greene et al., 2023). Similarly, Turnwald et al. 
(2017b; 2019) found that labels referencing indulgent eating experi
ences increased the selection of vegetables when compared with health- 
focused labels. Turnwald & Crum (2019) further found that vegetables 
with taste-focused descriptions were rated as significantly more deli
cious and indulgent (Experiment 4). These findings suggest that the way 
a food is described affects the way it is mentally simulated, which not 
only influences the attractiveness of the food, but also the consumption 
likelihood and experience. 

1.5. The present research 

Although consumption and reward descriptions appear to be effec
tive at increasing food appeal, previous research has not specified how 
and why particular words were selected for these descriptions, or how 
this may affect the efficacy of the descriptions. We aim to address this 
gap and provide a transparent, evidence-based procedure for generating 
consumption and reward descriptions for plant-based dishes. Specif
ically, we introduce a data-driven approach to create descriptions for 
plant-based dishes that focus specifically on the sensory, context, and 
hedonic1 aspects of consumption, which have been shown to underlie 
the desire for food and drink (Papies et al., 2023). As shown in Fig. 1, our 
approach involves 1) identifying the most positive consumption and 
reward words used to describe foods that are consumed regularly (also 
referred to as popular foods) in the UK (Study 1), 2) assessing the fit of 
the most positive words for novel plant-based dishes (Study 2), and 3) 
creating and testing the effect of consumption and reward descriptions 
incorporating these words (Study 3; see Fig. 1). 

Critically, our approach is predicated on the assumption that 
rewarding simulations of eating well-known foods can be “transferred” 
to novel plant-based dishes, leading to similar expectations of reward, 
and therefore increasing the appeal of foods that one has not consumed 
previously. In other words, we assume that knowing which features 
make foods appealing to omnivores and emphasising these features in 
descriptions for plant-based foods will increase their appeal to omni
vores, even if they have never consumed them. To establish what makes 
well-known, often meat-based dishes, appealing to omnivores, we 
recruited only omnivores for Study 1. Although we recruited both 
vegans and omnivores for Study 2 to test our hypotheses, the de
scriptions developed in Study 3 were based on the fit ratings given by the 
vegans, as we expect them to be better placed to determine which fea
tures most accurately describe the plant-based dishes. Finally, for Study 
3, we recruited omnivores to test whether consumption and reward 
descriptions could increase dish appeal and order intentions compared 
to control descriptions. 

All three studies were pre-registered on the Open Science Frame
work, where all the materials have been uploaded (Study 1: https://osf. 
io/5xqgy; Study 2: https://osf.io/69fwv/; Study 3: https://osf. 
io/ua4sn/). Ethical approval was granted by the Research Ethics com
mittee at the University of Glasgow (Study 1: 300210036; Study 2: 
300210170; Study 3: 200220272). 

2. Study 1 

2.1. Study 1 overview 

This study provided the valence of features that describe 20 savoury 
dishes regularly consumed in the UK (see Table 1). The features were 
taken from Farrar and Papies (2023), where participants were randomly 
allocated to 1 of 5 conditions: sensory, context, hedonic, health, and 

1 In the current paper, for simplicity, we use the term “hedonic features” for 
all features describing immediate internal positive consequences of eating the 
food, which can include bodily, emotional, cognitive, and hedonic experiences, 
see Papies et al. (2020c). 

S.T. Farrar et al.                                                                                                                                                                                                                                

https://osf.io/5xqgy
https://osf.io/5xqgy
https://osf.io/69fwv/
https://osf.io/ua4sn/
https://osf.io/ua4sn/


Food Quality and Preference 119 (2024) 105212

3

control. Participants were asked to list 3–5 words or short phrases for 
each of 20 dishes based on their allocated condition. For example, 
participants in the sensory condition were asked to list 3–5 sensory 
words for each dish (e.g., “meaty”, “soft”, “creamy”; see Table 2 for the 
example dish “beef burger”). In the present study, participants were 

shown the 10 features that had been listed most frequently in each 
condition (i.e., sensory, context, hedonic, health, and control). As there 
were 20 dishes and five conditions, this gave a total of 875 features after 
removing duplicates. 

2.2. Method 

The study was set up in Qualtrics (https://www.qualtrics.com) with 
eligible participants recruited through the online recruitment platform 
Prolific (https://www.prolific.co). Participants were eligible to take part 
if they were living in the UK, aged between 18–70 years, proficient in 
English, and followed an omnivorous diet. We also recruited a gender- 
balanced sample using the quota sampling option on Prolific. 

2.2.1. Participants 
Based on a similar study which obtained 20–50 ratings per word 

(Scott et al., 2019), we expected that 100 ratings per word would be 
sufficient to reliably detect a small effect on valance. To prevent 
participant fatigue, each participant rated approximately 175 features 
(20 % of the total), for 4 out of 20 dishes (randomly selected for each 
participant). The required sample size was also increased by 10 % to 
account for exclusions, resulting in a target sample size of 550. Addi
tional inclusion criteria were that participants have no food allergies or 
specific dietary needs (e.g., vegetarian; only omnivorous participants 
were eligible) and have no diagnosed eating disorders or a history of 
eating disorders. Participants who failed both attention checks or 
completed the study on a mobile phone or table were rejected and more 
participants were recruited to achieve the target sample size. 

As many participants had never consumed “mushroom risotto”, an 
extra 160 participants were recruited, giving a final sample size of 713 
participants. However, 60 participants were excluded (see supplemen
tary materials for details). The final sample size was 653 (327 males, 320 

Fig. 1. A Flow Diagram Showing the Key Aims and Methodological Features of the Studies.  

Table 1 
The 20 Dishes in Relation to Which Participants Rated the Valence of the 
Features.  

Beef burger Beef stew Beef lasagne Caesar salad 

Chicken curry Chicken wrap Chilli con carne Chinese noodles 
Fish and chips Ham sandwich Macaroni cheese Mushroom risotto 
Roast dinner Pepperoni pizza Sausage and mash Shepherd’s pie 
Spaghetti bolognese Steak pie Minestrone soup Vegetable stir-fry  

Table 2 
The Most Frequently Listed Words and Phrases for the Dish “Beef Burger” in the 
Five Experimental Conditions in Farrar and Papies (2023).  

Control Sensory Context Hedonic Health 

tasty hot with friends tasty unhealthy 
filling meaty barbecue happy fatty 
unhealthy warm with chips filling fattening 
juicy juicy with family delicious obesity 
fast food chewy treat enjoyable high cholesterol 
meaty soft at home satisfying high fat 
fatty salty lunch full high calorie 
barbecue beefy dinner content high protein 
greasy greasy at restaurant yummy bad for the heart 
cheese cheesy with fries fulfilled very unhealthy 

Note: Participants in the current Study 1 were asked to rate the valence of the 
features in relation to the dish they had been used to describe. For example, all 
50 features shown above were rated in relation to a “beef burger”. 
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females, and 6 participants who identified differently; mean age = 38.2 
years, SD = 13.9). The study took approximately 18 min and partici
pants were paid £2.50 for taking part. 

2.2.2. Design 
Participants rated approximately 175 features which included 

around 43 features for each of the four dishes. The dependent variable 
was the valence rating given for each feature in relation to the specified 
dish. 

2.2.3. Procedure and measures 
After providing informed consent, participants reported their age, 

gender, highest level of education attained, and present level of hunger. 
Participants initially indicated if they were familiar with the dish by 
selecting one of the following response options: “I have eaten a [beef 
burger] on at least one previous occasion” or “I have never eaten a [beef 
burger]”. Participants who had not consumed the dish previously were 
automatically moved on to the next dish. Then, participants rated each 
feature in response to the question “For a [beef burger], how positive or 
negative is the word ‘[juicy]’?” on a sliding scale from ‘Negative’ ( − 50), 
‘Neither negative nor positive’ (0), and ‘Positive’ (+50; see Fig. 2). 

Afterwards, participants were asked to indicate if they have any 
specific dietary needs (e.g., vegetarian), on how many days they eat 
meat during a typical week, how many of their meals contain meat 
during a typical day, and whether they had ever been diagnosed with an 
eating disorder (“Yes” or “No”). 

Finally, health-conscious identity was measured by asking partici
pants whether they think carefully about (1) the quality of the foods they 
consume; (2) the health consequences of the foods they consume; and 
(3) the long-term effects of the foods they consume (7-point Likert scale 
from 1 “Strongly disagree” to 7 “Strongly agree” (see OSF for results). 
Participants then reported any technical difficulties experienced. Meta- 
data was also collected to determine the device used by participants. On 
completion, participants were debriefed, thanked for taking part, and 
redirected to Prolific for payment. 

2.2.4. Data analysis plan 
The analysis followed the pre-registered plan, unless stated other

wise, and was conducted using R, version 4.0.0 (R Core Team, 2021). All 
confirmatory hypotheses were tested using linear mixed effects models 
with a maximal random effects structure (Barr et al., 2013), except for 
those that tested for mediating effects which were examined using the 
mediate package in R. For consistency and ease of interpretation, un
standardized coefficients are reported for all analyses. 

We tested Hypothesis 1 through three separate pairwise compari
sons, instead of through one model as pre-registered, because it 
increased the likelihood of successful convergence. For each analysis, 
feature type was contrast coded so the control feature type was coded as 
− 0.5, while the other feature types were coded as 0.5. If the full model 
failed to converge, various optimizers were tested until the model 
converged successfully (Brown, 2021). Furthermore, we ran a second 
data analysis which took into account the number of times each feature 
was listed in the previous study (Farrar & Papies, 2023). Although this 

analysis was not included in the study pre-registration, we considered it 
important to account for the prevalence of each feature when analysing 
the data, such that the models constructed during this second analysis 
weighted prevalent features more heavily than less prevalent features. 
As eight confirmatory analyses were conducted, the Bonferroni correc
tion was applied to account for the familywise error rate, meaning that 
effects were considered significant at alpha = 0.006 (0.05/8). 

2.3. Results 

2.3.1. Feature type and valence ratings (Hyp. 1 & 2) 
In contrast to Hypothesis 1, sensory features were rated as signifi

cantly more negative than control features, b = -14.33, SE = 3.26, p <
0.001. There was no difference between context and control features, b 
= 0.40, SE = 2.62, p = 0.44, or hedonic and control features, b = 7.27, 
SE = 3.17, p = 0.01, when taking into account the Bonferroni 
corrections. 

In line with Hypothesis 2, health features were rated as significantly 
more negative than control features, b = -20.02, SE = 3.83, p < 0.001 
(see Fig. 3). 

Further examination of the sensory features showed that many 
appeared to be negative in relation to the dishes presented, such as 
“chewy” and “dry”, even though they were the most frequently listed in 
the previous study. Furthermore, 60 % of the control features focused on 
either the sensory, context, or hedonic aspects of consumption, with the 
hedonic features accounting for the highest percentage overall at 27 %. 
As the hedonic features had the highest valence ratings, this may explain 
why control features were rated more positively than sensory features, 
and why there was no difference between hedonic and control features. 

As described above, we ran a second analysis that accounted for the 
prevalence of each feature in the large feature listing study from which 
we selected the study features (Farrar & Papies, 2023). Overall, the re
sults were the same as those reported for the main analysis (see the 
supplementary materials for further details). 

Each raincloud plot includes a boxplot to the left and a “cloud” to the 
right which is a half-density plot. Each of the five plots show the valence 
ratings given for each of the 20 dishes. The white circle in each density 
plot represents the mean valence rating, whereas the bar in the boxplot 
shows the median. 

2.4. Discussion 

Overall, hedonic features were rated the most positively, followed by 
the control, context, sensory, and health features. Many of the sensory 
features were rated negatively in relation to the dishes presented, which 
may be due to the sensory features being far more specific to each dish 
than the hedonic, control, and context features (e.g., while “comforting” 
or “Friday night” can be positive for many dishes, “dry” or “chewy” 

Fig. 2. A Screenshot of the Feature Valence Measure.  Fig. 3. Valence Ratings by Feature Type.  
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would be positive only for a few dishes). Furthermore, the health fea
tures of popular foods were often rated negatively, likely because they 
describe the negative health consequences of eating the food (e.g., 
“obesity”, “diabetes”). 

3. Study 2 

3.1. Study 2 overview 

Here, participants rated the fit of the 60 most positive features 
identified in Study 1 (see Table 3) in relation to 12 novel plant-based 
dishes (see Table 4). Participants rated the fit of 20 sensory, 20 
context, and 20 hedonic features, and then rated the appeal of each dish. 
We specifically recruited vegans and omnivores in order to compare the 
fit ratings given by both groups (see Fig. 1 for our hypotheses). 

Although the dishes will likely be novel to both the vegans and 
omnivores, we expected they would trigger mental simulations of eating 
them, based on previous consumption experiences with similar dishes 
(Farrar & Papies, 2023; Papies et al., 2023), using the idea of conceptual 
combination (Wu & Barsalou, 2009). As an example, eating a chickpea 
burger could be simulated by drawing on simulations of what it’s like to 
eat a beef burger and chickpeas. Then, participants would assess to what 
degree their simulations of the sensory, context, and hedonic features 

provided would be compatible with this simulation of eating the food, 
which would be reflected in the ratings we asked them to provide. 

3.2. Method 

The study setup, recruitment, and eligibility criteria were the same as 
for Study 1. 

3.2.1. Participants and design 
As most word rating studies obtain between 20–50 ratings for each 

word presented (Scott et al., 2019), we decided to collect 60 fit ratings 
per feature (30 vegans and 30 omnivores). Each participant rated all 60 
features (20 sensory, 20 context, and 20 hedonic) in relation to 3 of the 
12 dishes (counterbalanced across participants; 180 ratings per partic
ipant) to prevent participant fatigue. Furthermore, the sample size was 
increased by 10 % to account for exclusions, resulting in a target sample 
size of 260 participants (130 vegans and 130 omnivores). Additional 
inclusion criteria were that participants have no diagnosed eating dis
orders or a history of eating disorders and follow either a vegan or 
omnivorous diet. 

Overall, a total of 261 participants were recruited for the study with 
15 participants excluded (see supplementary materials for details). The 
final sample size was 246 (124 females, 117 males, and 5 participants 
who identified differently; mean age = 38.8 years, SD = 13.1). The study 
took approximately 16 min and participants were paid £2 for taking 
part. 

3.2.2. Dish selection 
We selected dishes that were relatively novel and likely unknown to 

the participants. If participants had already consumed the foods, they 
would already have cognitive representations, and therefore expecta
tions of what the foods taste like, leaving less room for the descriptive 
labelling to influence their consumption expectations and desire. To find 
novel dishes, we searched offerings of various independent restaurants 
and food manufacturers. Where dishes were taken from more well- 
known retail chains, we only selected those that were fairly new to 
the market. 

3.2.3. Procedure and measures 
Participants recorded their age, gender, highest level of education 

attained, and present diet (i.e., omnivore, pescatarian, vegetarian, vegan 
or other). They were then shown the task instructions and randomly 
allocated to one of the four dish counterbalancing groups. Participants 
were shown a brief description of the first dish (e.g., “Chestnut mush
room, tomato and quinoa pie with baby onions and thyme, served with 
chips”) before being presented with all 60 features one by one. Partici
pants were asked to rate how well each feature described the specified 
dish (e.g., “How well does ‘filling’ describe this dish?”) on a sliding scale 
from 0 to 100 (“Does not describe well” to “Describes very well”; see 
Fig. 4). Participants rated all the features for one dish (randomly 
selected by Qualtrics) before moving on to the next dish. The 60 features 
were organised into 5 groups of 12 where the order of the features in 
each group was randomised for each dish using the website random.org. 
The order of the five groups was also randomised by Qualtrics. 

Participants then rated the appeal of the three dishes (sliding scale 
from 0 to 100, “Extremely unappealing” to “Neither appealing nor un
appealing” to “Extremely appealing”). Participants reported any food 
allergies that would prevent them from consuming any of the dishes 
presented. Previous eating disorders, meat consumption (omnivore 
participants only), technical difficulties, and meta-data were measured 
as in Study 1. On completion, participants were debriefed, thanked, and 
redirected to Prolific for payment. 

3.2.4. Data analysis plan 
The analysis followed the pre-registered plan and was conducted 

using R, version 4.0.0 (R Core Team, 2021). Hypotheses 1–4 were 

Table 3 
The Most Positive Sensory, Context, and Hedonic Features from Study 1 and the 
Mean Rating (plus Standard Deviation) of Each Feature.  

Sensory Context Hedonic 
Feature Mean (SD) Feature Mean 

(SD) 
Feature Mean 

(SD) 

hot 36.0 
(11.7) 

with family 35.0 
(17.2) 

tasty 40.8 
(10.3) 

warm 34.2 
(12.3) 

sunday 33.9 
(19.8) 

delicious 40.6 
(10.8) 

crispy 30.5 
(14.3) 

at home 33.3 
(17.1) 

flavourful 38.7 
(11.3) 

rich 30.1 
(15.2) 

seaside 32.7 
(17.0) 

yummy 38.2 
(13.8) 

crunchy 28.9 
(13.66) 

dinner 31.9 
(16.8) 

satisfying 36.5 
(14.4) 

saucy 28.8 
(15.0) 

treat 31.0 
(16.9) 

warming 36.2 
(12.8) 

spicy 27.4 
(19.9) 

with friends 30.6 
(17.7) 

enjoyable 35.9 
(13.4) 

creamy 26.9 
(16.8) 

friday night 30.4 
(18.0) 

filling 35.6 
(11.9) 

savoury 26.4 
(15.8) 

winter 30.4 
(18.0) 

comforting 35.4 
(12.9) 

juicy 25.0 
(15.5) 

at restaurant 28.2 
(15.3) 

happy 33.5 
(13.8) 

fluffy 24.6 
(19.2) 

evening 
meal 

27.3 
(17.6) 

lovely 31.5 
(17.0) 

crusty 21.4 
(21.7) 

weekend 26.8 
(18.8) 

full of 
flavours 

31.3 
(15.5) 

flaky 20.0 
(20.1) 

lunch 26.1 
(16.0) 

flavoursome 31.2 
(18.5) 

chunky 18.3 
(22.4) 

picnic 26.0 
(17.0) 

full 29.6 
(15.1) 

soft 18.3 
(18.9) 

saturday 
night 

25.4 
(18.0) 

fulfilled 28.8 
(16.0) 

smooth 17.4 
(17.1) 

on the go 24.4 
(16.5) 

content 27.3 
(16.6) 

cool 15.6 
(21.0) 

summer 24.3 
(16.1) 

fun 26.6 
(17.6) 

cold 11.9 
(20.4) 

starter 23.6 
(16.7) 

relaxing 25.9 
(16.0) 

earthy 9.6 (21.3) at the pub 23.3 
(19.4) 

refreshing 25.4 
(14.5) 

tangy 8.9 (20.9) barbecue 22.0 
(20.9) 

cosy 25.4 
(17.4) 

Note: Features were rated on a sliding scale from “Negative” ( − 50) to “Positive” 
(+50). 
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examined using mixed effects models with a maximal random effects 
structure (Barr et al., 2013). Where the model failed to converge, the 
following four steps were taken: various optimizers were included in the 
model, the number of iterations was increased, the independent variable 
was sum coded, and one of the random effects was removed from the 
model (Barr et al., 2013; Brown, 2021). As there were four confirmatory 
hypotheses, the Bonferroni correction was applied to account for the 
familywise error rate, meaning effects were only considered significant 
at alpha = 0.007 (0.05/7). Unstandardized coefficients are reported for 
all analyses. 

3.3. Results 

3.3.1. Vegan and omnivore fit ratings (Hyp. 1, 2, and 3) 
In contrast to Hypothesis 1, vegans did not rate sensory features a 

better fit than omnivores (reference category) when accounting for the 
Bonferroni correction, b = 2.99, SE = 1.48, p = 0.02. However, in line 
with Hypotheses 2 and 3, they did rate the context and hedonic features 
as a significantly better fit: context features, b = 5.22, SE = 1.46, p <
0.001; hedonic features, b = 10.65, SE = 2.18, p < 0.001. As shown in 
Fig. 5, both vegans and omnivores gave fairly low fit ratings for the 

sensory features, again possibly reflecting that these apply well to some 
foods, but not well to other foods. Participants gave moderate fit ratings 
for the context features, and high fit ratings for the hedonic features. 

Each raincloud plot shows the raw data to the left, which is overlaid 
with two boxplots, and a “cloud” to the right which is a half-density plot. 
Each plot shows the fit ratings given by the omnivore and vegan par
ticipants for 20 sensory, 20 context, and 20 hedonic features for each of 
the 12 dishes. The black bar shown in each boxplot shows the median fit 
rating. 

3.3.2. Vegan and omnivore appeal ratings (Hyp. 4) 
In line with Hypothesis 4, vegans rated the dishes as significantly 

more appealing than omnivores, b = 13.95, SE = 2.46, p < 0.001. 

3.3.3. Associations between the fit ratings and appeal ratings (Hyp. 5, 6, 
and 7) 

The fit of features of all three feature types had a significant positive 
association with appeal ratings. This association was fairly small for the 
sensory features, b = 0.03, SE = 0.01, p < 0.001, slightly larger for the 
context features, b = 0.10, SE = 0.01, p < 0.001, and moderate for the 
hedonic features, b = 0.45, SE = 0.01, p < 0.001 (see Fig. 6). This 
suggests that reporting that consumption and reward features accurately 
describe a dish is associated with finding the dish appealing, particularly 
context and hedonic features. These associations were very similar for 
omnivores and vegans. 

The lines show the correlation between the fit ratings and appeal 
ratings across all 12 novel plant-based dishes, which are stratified by 
diet and feature type. 

3.4. Discussion 

We identified the sensory, context, and hedonic features that 
received the highest “fit” scores in relation to 12 novel plant-based 

Table 4 
The 12 Novel Plant-Based Dishes Used in Studies 2 and 3.   

1) Tomato and black bean stew with cashews, quinoa, and jalapeno, served with red rice  
2) Butternut, lentil, and spinach hotpot with coconut, lemongrass, and Indian spices, served with pilau rice  
3) Chestnut mushroom, tomato and quinoa pie with baby onions and thyme, served with chips  
4) Pastry parcels filled with lentils, spinach, mushrooms, and pearl barley mixed with breadcrumbs and herbs, served with green vegetables  
5) Shortcrust pastry case filled with broccoli and cashew green pesto, topped with toasted pine nuts and served with a mixed salad  
6) Grilled portobello mushroom steak with garlic and shallot green beans, watercress, French fries, and peppercorn sauce  
7) Buddha bowl with garlic flatbread, avocado, lettuce, sweetcorn, roasted red pepper hummus, coleslaw, and Mediterranean vegetable couscous  
8) Pizza with vegan mozzarella, watercress, pine nuts, mushrooms, and truffle oil  
9) Sweet potato pasta bake with carrots, cherry tomatoes and celery, flavoured with garlic and oregano, topped with vegan cheese  
10) Spiced chickpea and spinach burger with cumin, coriander, and turmeric, topped with houmous, red pepper chutney and red pickled onions, served in a roll  
11) Potatoes and peas cooked with curry leaves, ginger, green chilli, lemon juice and coriander, served with rice  
12) Tempura fried cauliflower in buffalo sauce with celery, avocado, onion, carrots, and lettuce in a whole wheat tortilla wrap with ranch dressing  

Fig. 4. A Screenshot of the Feature-Dish Fit Measure.  

Fig. 5. The Fit Ratings of Sensory, Context, and Hedonic Features for Novel 
Plant-Based Dishes, Reported by Vegans and Omnivores. 

Fig. 6. The Associations Between the Fit Ratings and Appeal Ratings Stratified 
by Diet and Feature Type. 
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dishes. We found that vegans rated most of these features a better fit for 
the dishes, which likely reflects that the selected features were highly 
positive, and that the vegans indeed also rated the foods as more 
appealing than omnivores. The fact that vegans reported a stronger fit of 
context features suggests they have mental representations of 
consuming these kinds of foods in more situations than omnivores. 
Across groups, the perceived fit of sensory, context, and hedonic features 
to a dish predicted its appeal, which is in line with previous findings that 
thinking about a food in terms of sensory, context, and hedonic expe
riences is associated with finding it attractive. 

4. Study 3 

4.1. Study 3 overview 

Here, we presented the same dishes from Study 2 with either control 
descriptions, or consumption and reward descriptions that incorporated 
the best fitting sensory, context, and hedonic features of each dish 
identified in Study 2. Participants were asked to rate the appeal of each 
dish, their intention to order each dish, and the extent to which they 
imagined consuming each dish when reading the description (i.e., con
sumption simulations). 

4.2. Method 

The study setup and recruitment were the same as for Studies 1 and 
2. Participants were eligible if they were living in the UK, aged between 
18–70 years, proficient in English, and had no specific dietary needs (e. 
g., vegetarian). 

4.2.1. Participants 
A data simulation (DeBruine & Barr, 2021) showed that 1200 par

ticipants would be required to detect a small effect (as found by Papies 
et al., 2020a) with 80 % power and alpha set at 0.013 to account for 
multiple testing (0.05/4). This sample size was increased by 10 % to 
account for exclusions, giving a total sample size of 1,320 participants. 

Overall, 1,309 omnivorous participants were recruited and there 
were no exclusions due to the pre-screening criteria included in Prolific. 
However, 106 participants were removed from either the appeal ratings, 
intention ratings, or simulation ratings due to flat-lining. The sample 
included 652 females, 646 males, and 11 participants who identified 
differently or did not want to say (mean age = 38.7 years, SD = 12.8). 
The study took approximately 7 min and participants were paid £1.10 on 
completion. 

4.2.2. Design 
The study was a within-subjects experiment with two conditions: 

consumption and reward descriptions and control descriptions (for ex
amples see Table 4). The dependent variables were appeal ratings, order 
intention ratings, and consumption simulations in relation to the 12 
plant-based dishes. 

4.2.3. Manipulation 
The consumption and reward descriptions were developed using the 

features with the highest “fit” scores from Study 2 using the following 
criteria: (1) the sensory, context, and hedonic features must have a fit 
rating of 60 or more, based on the vegan fit ratings from Study 2; (2) 
each description must contain at least one sensory, one context, and one 
hedonic feature; and (3) each description must have between five and 
seven consumption and reward features in total. The control de
scriptions had the same number of words but focused on the ingredients, 
specific food categories (e.g., burger patty) and/or food composition of 
each dish. All descriptions were developed through a discussion between 
the three study authors and can be found in the supplementary materials 
(see Table 5 for examples). 

4.2.4. Procedure and measures 
Participants indicated their present diet, and those that did not 

follow an omnivorous diet were automatically redirected to the end of 
the survey. Eligible participants then indicated their age, gender, and 
present level of hunger. The task instructions were then shown and 
participants were randomly allocated to one of eight counterbalancing 
groups, where each group consisted of six consumption and reward 
descriptions and six control descriptions. Participants were then shown 
each description individually and asked to rate the appeal of the dish (0 
“Extremely unappealing” to 100 “Extremely appealing”; see Fig. 7). 
Next, they were asked to rate their order intention (0 “I would never 
order this dish” to 100 “I would definitely order this dish”) and their 
agreement with the statement, “When I read this description, I imagine 
what it would be like to eat the dish” (0 “Strongly disagree” to 100 
“Strongly agree”). During each rating task, the order of the dish de
scriptions was randomized by Qualtrics. 

Finally, we measured ethical motivation by asking participants how 
important it is that the foods they consume on a typical day are envi
ronmentally friendly, animal friendly, and fair-traded (0 “Not at all 
important” to 100 “Very important”). Meat consumption habits, tech
nical difficulties, and meta-data were measured as in both previous 
studies. Once finished, participants were debriefed, thanked, and 
redirected to Prolific for payment. 

4.2.5. Data analysis plan 
The analysis followed the pre-registered plan and was conducted 

using R, version 4.0.0 (R Core Team, 2021). Hypotheses 1 and 2 were 
analysed using linear mixed effects models with a maximal random ef
fects structure (Barr et al., 2013), while Hypotheses 3 and 4 were 
examined using the mediate package in R. Where the mixed effects 
models failed to converge, the same steps were taken as for Study 2. As a 

Table 5 
Examples of Control Descriptions and Consumption and Reward Descriptions 
Used in Study 3.  

Control Descriptions Consumption and Reward Descriptions 

Shortcrust pastry case filled with sprigs of 
broccoli and cashew green pesto, 
topped with a sprinkling of toasted pine 
nuts, and served with a mixed salad. 

Delicious shortcrust pastry case filled 
with savoury broccoli and cashew green 
pesto, topped with flavoursome toasted 
pine nuts, and served with a mixed 
summer lunch salad. 

Buddha bowl layered with avocado, 
lettuce, and sweetcorn, sides of roasted 
red pepper houmous, coleslaw, and 
Mediterranean vegetable couscous, 
served with a garlic flatbread. 

Summery Buddha bowl with avocado, 
refreshing lettuce, crunchy sweetcorn, 
roasted red pepper houmous, cool 
coleslaw, savoury Mediterranean 
vegetable couscous, and a filling garlic 
flatbread. 

Pizza topped with vegan mozzarella, 
mushrooms, and pine nuts, garnished 
with watercress and a dash of truffle 
oil. 

Friday night pizza with tasty vegan 
mozzarella, savoury watercress, 
satisfying pine nuts, earthy mushrooms, 
and delicious truffle oil. 

Sweet potato pasta bake with layers of 
carrots, cherry tomatoes, and celery, 
seasoned with a sprinkling of garlic and 
oregano, topped with vegan cheese. 

Comforting winter pasta bake with 
sweet potato, savoury carrots, delicious 
cherry tomatoes and celery, flavoured 
with garlic and oregano, topped with 
tasty vegan cheese.  

Fig. 7. A Screenshot of the Appeal Measure.  
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total of four confirmatory analyses were conducted, the Bonferroni 
correction was applied, meaning effects were only considered significant 
at alpha = 0.013 (0.05/4). Unstandardized coefficients are reported for 
all analyses. 

4.3. Results 

4.3.1. The effect of consumption and reward descriptions on appeal and 
order intentions (Hyp. 1 & 2) 

As hypothesised, consumption and reward descriptions increased 
appeal, b = 3.04, SE = 0.70, p < 0.001, and order intentions, b = 3.42, 
SE = 0.73, p < 0.001 (see Fig. 8). This shows that describing plant-based 
dishes with words that reflect sensory, context, and rewarding aspects of 
consumption can increase omnivores’ motivation to consume them. 

Each raincloud plot shows the raw data to the left, which is overlaid 
with two boxplots, and a “cloud” to the right which is a half-density plot. 
The black bar shown in each boxplot shows the median fit rating. 

4.3.2. The mediating effect of consumption simulations on appeal ratings 
and order intentions (Hyp. 3 & 4) 

The results showed partial support for the hypothesised indirect ef
fect of description type on appeal and order intentions through con
sumption simulations (see Table 6). Specifically, the proportion 
mediated shows that consumption simulations accounted for 59 % of the 
effect of consumption and reward descriptions on appeal ratings and for 
68 % of the effect on order intentions. As both of the indirect effects are 
significant, this suggests that consumption and reward descriptions 
trigger a mental simulation of consuming the food, which in turn makes 
the food more appealing and increases intentions to order the food. 
However, the fact that both effects are partial implies that other medi
ating variables may contribute to the effect of consumption and reward 
descriptions. 

4.4. Discussion 

As predicted, consumption and reward descriptions significantly 
increased the appeal of novel plant-based dishes compared to control 
descriptions for omnivore participants, which was partially mediated 
through consumption simulations. This suggests that consumption and 
reward descriptions trigger a mental simulation of consuming the dish, 
based on similar consumption experiences, which in turn increases their 
attractiveness. 

5. General discussion 

5.1. Summary 

We introduced and tested a data-driven procedure to systematically 
select words to use in consumption and reward descriptions for novel 

plant-based dishes. We selected sensory, context, and hedonic features 
that had been rated as highly positive for well-known dishes by omni
vores (Study 1), and as well-fitting for plant-based dishes by vegans 
(Study 2). When these features were integrated into food descriptions, 
this increased the appeal and order intentions for novel plant-based 
dishes, compared to equally long control descriptions (Study 3). This 
effect was partially mediated by participants imagining what it would be 
like to eat the food. This suggests that such consumption and reward 
descriptions trigger a mental simulation of consuming the dish, which 
then increases its appeal, even when this concerns plant-based dishes 
that the omnivore participants most likely have never consumed. 

Our studies also showed that on average, hedonic features of 
frequently consumed dishes were rated in the most positive way, fol
lowed by context and sensory features, with health features often having 
negative valence (Study 1). However, all three types of consumption and 
reward features were related to the appeal of plant-based foods in 
similar ways among vegans and omnivores (Study 2). 

5.2. Implications and Future research 

In line with the Grounded Cognition Theory of Desire (Papies & 
Barsalou, 2015; Papies et al., 2020b), these results imply that con
sumption simulations play a role in food desire. Indeed, thinking about 
what it would be like to consume a food or drink – whether this is 
referred to as consumption simulations, mental imagery, or even 
measured through neuro-imaging techniques reflecting neural activity 
(Chen et al., 2016; Papies et al., 2020b; Kavanagh et al., 2005; Speed 
et al., 2023) – has been found to be an important predictor of con
sumption motivation. The effectiveness of consumption and reward 
descriptions as an intervention tool to increase desire has previously 
been demonstrated by Papies et al. (2020) who used them to increase the 
appeal of plant-based dishes, and by Claassen and Papies (2023), who 
found that desire and willingness to pay for bottled water increased 
when presented with simulation-enhancing advertisements that com
bined words and images reflecting rewarding consumption experiences, 
compared to health-focused and control advertisements. 

The important extension that we present here is that consumption 
simulations also play a key role in the way that unfamiliar foods are 
perceived by consumers. Our data-driven approach allowed us to iden
tify the most positive features of various well-known dishes, apply the 
“best fitting” of these features to a selection of novel plant-based dishes, 
and demonstrate that this increased the appeal of these novel foods, 
partially mediated by consumption simulations. This effect occurred 
among mainstream, omnivore consumers to whom these foods were 
likely very novel. This suggests that the consumption and reward de
scriptions trigger a mental simulation of a similar, previous consumption 
experience – in this case most likely based on meat-based foods – which 
is then used to make inferences about features of the novel, unfamiliar 

Fig. 8. The Appeal Ratings and Order Intention Ratings Given to Dishes with 
Control Descriptions and Consumption and Reward Descriptions. 

Table 6 
The Indirect Effects of Condition on Appeal Ratings and Order Intentions 
through Consumption Simulations.  

Appeal Ratings  

Estimate 95 % Confidence Intervals p value   

Lower Upper  

Total effect 2.88 2.13 3.64  <0.001 
Direct effect 1.19 0.57 1.80  <0.001 
Indirect effect 1.69 1.25 2.11  <0.001 
Proportion mediated 0.59 0.46 0.76  <0.001 
Order Intentions      

Estimate 95 % Confidence Intervals p value   
Lower Upper  

Total effect 3.50 2.61 4.35  <0.001 
Direct effect 1.13 0.45 1.79  <0.001 
Indirect effect 2.37 1.81 2.98  <0.001 
Proportion mediated 0.68 0.55 0.84  <0.001  
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dish. In other words, and in line with the idea of conceptual combination 
in cognitive science, this suggests that people can mentally transfer 
simulations of consumption experiences from well-known foods to novel 
foods, in order to determine the fit of specific features (Study 2), and in 
order to assess the appeal of foods (Study 3). To our knowledge, this is 
the first research explicitly testing this idea, and future research could 
examine it in more detail, for example by testing whether participants’ 
inferences are slower and more effortful for dishes with less fitting 
features compared to better fitting features. 

One unexpected finding of this research was the only partial medi
ation of consumption simulations on appeal and order intentions. One 
possible reason is that consumption simulations were measured through 
a single item. It may be that several items are required to fully assess the 
extent to which participants simulate consuming savoury dishes. Indeed, 
previous research has used more extensive measures of simulations 
(Keesman et al., 2016; Muñoz-Vilches et al., 2020), or the related 
construct of vividness of mental imagery (Patel et al., 2015). 

Secondly, while some research shows that consumption simulations 
occur at a conscious level, for example in the form of mental imagery 
that uses working memory resources (Kavanagh et al., 2005; May et al., 
2010), parts of consumption simulations may occur at an unconscious 
level and are therefore not captured by self-report measures. Finally, it 
may be that valence also acts as a mediating variable, in addition to 
consumption simulations, such that the extent to which the dish 
description is perceived to be positive may also influence the appeal of 
the dish. This explanation is supported by Muñoz-Vilches et al. (2020) 
who found that the valence of the imagined experienced (i.e., con
sumption simulation) fully mediated the effect of mental simulation on 
desire for both healthy and unhealthy food products. Future research in 
this area should consider examining valence as another potential 
mediator. 

Future research could examine whether systematically selected 
consumption and reward features can increase the selection and con
sumption of plant-based dishes in real-word settings, and whether this is 
more effective than using words selected by researcher intuition, focus 
groups, or even artificial intelligence methods. This would also advance 
research examining the effect of rewarding labels (i.e., descriptions) on 
the selection and consumption of vegetable dishes (Turnwald et al., 
2017b; Turnwald et al., 2019; Turnwald & Crum, 2019): although taste- 
focused labels were effective, previous research has suggested that 
multisensory mental simulation may increase food attractiveness even 
more than mental simulation of taste expectations alone (Elder & 
Krishna, 2010). Furthermore, similar field research found that appealing 
labels increased the serving size of various plant-rich dishes across four 
workplace self-service cafeterias (Gavrieli et al., 2022). Although these 
labels also included features that focus on the origin, production, and 
ingredients of the dish (i.e., which are not related to consumption and 
reward), the general approach of using appealing labels to promote 
plant-based products appears to be a promising strategy. 

5.3. Implications for shifting to more sustainable diets 

Our findings have implications for increasing the appeal of healthy 
and sustainable foods. Firstly, in line with previous research, describing 
foods with consumption and reward features may be more effective than 
emphasising that a food is plant-based (Krpan & Houtsma, 2020) or 
sustainable (Annunziata et al., 2019). Consumption and reward features 
may also be more effective than describing foods with taste features 
alone. Indeed, the effect of context features is especially noteworthy, as 
this dimension of food appeal has received little attention so far when it 
comes to strategies to shift toward healthy and sustainable diets. In 
previous research, participants were found to represent food and drink 
through a variety of attractive consumption contexts, and presenting a 
food in a matching context increased its appeal (Papies et al., 2022c; for 
a review see Papies et al., 2022a). Using context words seems to be an 
effective strategy to trigger the vivid mental imagery or eating 

simulations that can increase food desire. Triggering simulations of 
eating them in appealing social situations (in the pub, at a summer 
picnic, on a cosy Friday night winter dinner) might be an effective way 
to increase the appeal of novel plant-based foods. 

The finding that plant-based foods are often described in terms of the 
ingredients, visual aspects, and health benefits (Davis & Papies, 2022; 
Papies et al., 2020a), means that there is scope to promote plant-based 
foods through changes in communication, which may help to reduce 
demand for meat-based foods. More generally, communication about 
healthy and sustainable foods and drinks should focus on rewarding 
consumption experiences, rather than on health or sustainability bene
fits of the products, or on vegan or health categories, as discussed in 
more detail in Papies et al. (2023). 

Contrary to our hypotheses, sensory features were rated as signifi
cantly more negative than the control features in Study 1. Many sensory 
features appeared to be negative in relation to some of the dishes pre
sented (i.e., “chewy”, “dry”), suggesting that sensory features are more 
specific to each dish and require greater consideration when creating 
rewarding descriptions, compared to, for example, context or hedonic 
features. In other words, for any given dish there are only a select 
number of sensory words that will lead to a rewarding consumption 
simulation and increase the appeal and intention to order the dish. In 
comparison, the context and hedonic features appear to be more gen
eralisable than the sensory features, and indeed they were rated more 
positively across dishes. Therefore, a larger proportion of the context 
and hedonic features can be used to describe the dishes in order to 
trigger a rewarding consumption simulation. 

The data-driven procedure introduced here may allow other re
searchers, as well as professionals in the food service industry, to create 
effective labels to increase the appeal of healthy and sustainable foods, 
which may have a number of public health benefits. While the procedure 
we suggest is certainly not the only way to do this, it does suggest that 
valence and fit play important roles for creating rewarding simulations, 
and it is firmly grounded in theory and cognitive science principles 
(Papies et al., 2020b; Papies et al., 2023; Wu & Barsalou, 2009). 

5.4. Strengths and limitations 

The main strength of this research is the systematic approach to 
develop consumption and reward descriptions. This allowed us to 
identify the features perceived to be the most desire-inducing for each 
dish, based on the valence and fit given in Studies 1 and 2, meaning that 
each description could be tailored to each dish. Another strength is that 
while all studies were pre-registered and well-powered, the sample size 
for Study 3 was determined through a data simulation, meaning that we 
could ensure sufficient power, while accounting for multiple testing. 
Finally, the findings replicate the results of similar research that has 
demonstrated the effectiveness of appealing labels for increasing the 
selection and consumption of various vegetable and plant-based dishes 
(Papies et al., 2020a; Turnwald et al., 2017b; Turnwald et al., 2019; 
Turnwald & Crum., 2019). 

One of the main limitations of this research is that we relied on self- 
report, which can be associated with various response biases, which can 
bring into question the reliability and validity of these measures. Future 
research could assess consumption simulations in response to dish de
scriptions using neuro-imaging methods (see Chen et al., 2016, for a 
review), although this would limit sample size. Another limitation is that 
the data simulation did not include the predicted mediating effect of 
consumption simulations when calculating the required sample size. 
However, the guidelines provided by Fritz and Mackinnon (2007) show 
that the sample size recruited was sufficient to test the predicted 
mediation effect. Finally, although we adopted a reproducible, 
evidence-based procedure for selecting possible words for dish de
scriptions, composing the actual descriptions was still done through 
discussions among the researchers, relying on researcher intuition, 
creativity, and eating simulations. While we acknowledge this as a limit 
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to reproducibility, we argue that such a human element may always be 
crucial in communicating about food in all its sensory, social and cul
tural richness and diversity. 

5.5. Conclusion 

This research confirms that describing plant-based dishes with 
rewarding language increases their appeal to omnivore consumers. 
More importantly, the studies provide a data-driven approach to 
developing such consumption and reward descriptions. Furthermore, 
this approach has shown that rewarding features of familiar dishes can 
be transferred to novel and unfamiliar dishes in order to make them 
more appealing to consumers. The way healthy and sustainable foods 
are described is important for the urgently needed demand-side changes 
to the food system, and we provide an actionable tool for research and 
food service professionals to use language to facilitate the transition to 
more plant-based diets. 
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