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A B S T R A C T   

Although knowledge surrounding the obstacles omnivorous consumers face when substituting meat products 
with plant-based alternatives has increased dramatically, less is known about their perspectives on plant-based 
alternatives to dairy products. Here, these perspectives are assessed in two survey-based studies. Study 1 (N =
175) adapts an existing scale (the 4Ns of meat consumption) to dairy products in an effort to identify similarities 
and differences between rationalizations for meat and dairy consumption. This 16-item scale quantifies four 
factors (Natural, Necessary, Normal, and Nice) describing common rationalizations for meat consumption. The 
results revealed that the 4Ns transfer well to the dairy category, and that endorsement of dairy products as Nice 
was the strongest predictor of dairy consumption, relative to the other 3Ns. This is further supported by eval-
uation of consumers’ own qualitative descriptions of why they do or do not consume meat/dairy products, where 
“taste” was the most frequently used word in both categories. Study 2 replicates the relationships between dairy 
4Ns scores and reported dairy consumption found in Study 1 and builds upon these results by showing that 4N 
score could accurately categorize consumers as frequent (N = 192) or infrequent (N = 210) consumers of plant- 
based milk alternatives (PBMAs). Differences in consumers’ expectations for the sensory characteristics of cow’s 
milk and PBMAs are identified, and the impact of rationalization (total 4N score) on the likelihood of expected 
sensory attribute associations is described. The role of rationalization in shaping sensory expectations and 
impacting dietary choices, in particular resistance to adopting PBMAs, is discussed.   

1. Introduction 

The food industry is a major contributor to greenhouse gas (GHG) 
emissions related to climate change (Poore & Nemecek, 2018; Willett 
et al., 2019). Changes at both the supply and demand ends are required 
to reduce and mitigate the environmental impact associated with the 
way we eat (Bajželj et al., 2014; Gomez-Zavaglia, Mejuto, & Simal- 
Gandara, 2020). Non-animal alternatives typically carry a far lower 
environmental cost than even the least environmentally damaging 
animal-derived products (Poore & Nemecek, 2018). It has been sug-
gested that reducing current consumption of meat and dairy products by 
around 50 % within Europe would lead to improvements in both human 
health and substantial reductions in environmental impact (Westhoek 
et al., 2014). However, spontaneous transitions from an omnivorous to a 
vegetarian or vegan diet remain relatively rare among consumers 

(Milfont, Satherley, Osborne, Wilson, & Sibley, 2021). An alternative 
approach to promoting more sustainable dietary habits among con-
sumers is to encourage reductions in animal products, for example by 
replacing meat in at least some meals with plant-based proteins such as 
meat substitutes or legumes. Still, consumers face sensorial (Apostolidis 
& McLeay, 2016), situational (Elzerman, Keulemans, Sap, & Luning, 
2021), and psychological (Collier et al., 2021; Kerslake, Kemper, & 
Conroy, 2022; Niimi et al., 2022) obstacles when attempting to reduce 
meat in their diets. 

In the pursuit to understand and quantify the impact of these ob-
stacles, several scales have been developed to measure consumers’ at-
titudes to meat consumption. For example, the Meat Attachment 
Questionnaire (Graça, Calheiros, & Oliveira, 2015) measures the extent 
to which consumers display a positive association with meat consump-
tion and comprises of four subscales (Hedonism, Affinity, Entitlement, 
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and Dependence). Other scales, such as the 4Ns scale, measure different 
rationalizations consumers express for continuing to eat meat and 
avoiding dietary change: namely, beliefs that meat consumption is 
Natural, Normal, Necessary, and Nice (Piazza et al., 2015). To the best of 
our knowledge, no such scales exist for evaluating attitudes to or drivers 
of dairy consumption. Piazza et al. (2015) did assess the relationships 
between 4N score and both meat and dairy consumption, reporting that 
scores on the Necessary subscale were the most reliable correlate of 
animal product consumption. Nonetheless, inferring consumers’ dairy 
consumption from their rationalizations for eating meat does not 
quantify their motivations or rationalizations for consuming dairy 
products nor provide direct insight into the relative importance of 
different rationalizations when targeting dairy specifically. Given that 
dairy production also has a high environmental toll (Notarnicola, Tas-
sielli, Renzulli, Castellani, & Sala, 2017) and that plant-based milk al-
ternatives (PBMAs) typically have a lower environmental impact than 
cow’s milk (Carlsson Kanyama, Hedin, & Katzeff, 2021; Poore & Nem-
ecek, 2018), understanding consumers’ attitudes to dairy and PBMAs (e. 
g., soy and oat drinks) is increasingly topical. 

Although non-dairy alternatives to milk have long existed commer-
cially, their popularity has risen in recent decades as a result of 
increasing health and environmental concerns among consumers 
(Munekata et al., 2020). Many variants of PBMAs are available, 
including those based on soybeans, nuts, seeds, and cereals. Although 
these beverages are increasing in popularity, animal milks are still the 
norm in many Western countries and the overall image of cow’s milk 
remains more positive than that of PBMAs (Haas, Schnepps, Pichler, & 
Meixner, 2019). Relative to that for meat substitutes, research on con-
sumer perception and attitudes to plant-based alternatives to dairy such 
as PBMAs is still lacking and it could be a mistake to assume that con-
sumer responses to meat alternatives and PBMAs are equivalent (Jaeger 
& Giacalone, 2021). Some similarities do seem to exist, however. For 
example, sensorial obstacles exist for both plant-based meat and dairy 
alternatives, which likely stems from consumers’ expectations and fa-
miliarity with the animal version of the products (Aschemann-Witzel, 
Ares, Thøgersen, & Monteleone, 2019). Indeed, plant-based alternatives 
for both meat and milk continue to exist in a tenuous position (Lonkila & 
Kaljonen, 2021), where they are expected to replicate the desirable 
characteristics (e.g., taste, performance in meals etc.) of their animal- 
based equivalents, whilst simultaneously distancing themselves from 
more negative aspects (e.g., GHG emissions, animal welfare). 

Assessing the potential similarities in the barriers experienced by 
consumers when substituting animal-based meats and milks is therefore 
relevant, and better understanding of the motivations for consuming 
these products is part of addressing this issue. The extent to which 
motivations and rationalizations for meat consumption transfer to dairy 
consumption is under-researched, however. If these are found to be 
similar, strategies to encourage reductions in meat consumption could 
similarly be applied to dairy consumption. This in turn could facilitate a 
more efficient route to supporting consumers make more sustainable 
dietary choices beyond reducing meat. Given the aforementioned rela-
tionship between familiarity, sensory expectations, and resistance to 
dietary change, the extent to which these motivations relate to sensory 
expectations of PBMAs are also of interest. 

To this end, here we have adapted an already-existing scale, the 4Ns 
of meat consumption (Piazza et al., 2015) to dairy products (Study 1), 
and then compared the rationalization tendencies of frequent and 
infrequent consumers of PBMAs, as well as how rationalization may 
influence sensory expectations of cow’s milk and PBMAs (Study 2). The 
4Ns scale was selected over other similar scales for two reasons. First, 
due to its previously demonstrated association with reported con-
sumption of animal products (Piazza et al., 2015) and relevance for 
understanding peoples’ justifications for using animals-as-products 
beyond meat (Piazza, Cooper, & Slater-Johnson, 2020). Second, and 
most importantly, because of its positioning as a measurement of 
rationalizations for consumption. Rationalization of behavior is one way 

of alleviating the cognitive dissonance sometimes felt towards meat 
consumption by allowing individuals to align their beliefs with their 
current behavior as opposed to aligning their behavior with their beliefs 
(i.e., rejecting meat consumption). Cognitive dissonance and ambiva-
lence can remain strong psychological obstacles even for individuals 
who intend to reduce their meat consumption (Collier, Normann, Harris, 
Oberrauter, & Bergman, 2022; Rothgerber, 2020). As such, here it was 
deemed relevant to assess the motives for dairy consumption in the 
framework of motivation and rationalization as opposed to other aspects 
such as attachment. Our primary concern was not how emotionally or 
psychologically attached to dairy products consumers are, but rather 
which motivations and rationalizations facilitate current and continued 
consumption which could impede dietary change. 

In summary, the aims were: 1) to investigate the extent to which the 
rationalizations for meat consumption also apply to dairy consumption, 
2) compare rationalization tendencies across different consumer groups, 
and 3) investigate the role rationalizations on sensory expectations of 
cow’s milk and PBMAs. Additionally, we assessed the relative relevance 
of endorsement of each of the 4Ns to self-reported meat and dairy 
consumption to identify those factors most impactful on consumption, 
and by extension which are most important to address to support dietary 
change. 

2. Study 1 – Adapting the 4Ns scale to dairy products 

The objective of Study 1 was to determine if the 4Ns of meat con-
sumption survey (Piazza et al., 2015) could be transferrable to a dairy 
product version of 4Ns. The hypothesis was that rationalizations - as 
measured using the 4Ns questionnaire – would be similar for meat and 
dairy consumption. 

2.1. Methods 

2.1.1. Participants 
One-hundred and seventy-five participants (mean age = 37.3 years, 

SD age = 11.03 years; 64.0 % female, 33.7 % male, 1.1 % other gender, 
1.1 % gender undisclosed) completed the study. Data was collected until 
at least 10 people per question from the 4Ns survey was reached, to 
reach a sample size of a minimum of 160 people. Because a within- 
subjects design was used, the minimum of number of people was 
based on the length of one survey (16 items). 

2.1.2. Survey 
The original meat-focused 4Ns scale (Piazza et al., 2015) was con-

verted into a dairy 4Ns survey by substituting the word “meat” with 
“dairy products” (Table 1). As the term “dairy products” could entail 
both consumption through eating and drinking, the phrasing of some of 
the items was adjusted accordingly for grammatical reasons. The survey 
was still intended to consist of four subscales that covered ration-
alizations of Natural, Necessary, Normal, and Nice. Two items were 
further modified based on the conclusions of the original publication: 
item 9 was rephrased in the meat version of the 4Ns as “eating meat is an 
acceptable practice in my society”, and item 11 as “most people eat 
meat”. The authors suggested that the original versions of these ques-
tions were more statements of fact as opposed to opinions, which may 
separate them from the other items on the scale and explain their low 
loadings in the factor analysis in their original work (Piazza et al., 2015). 

The survey, which was prepared in RedJade (RedJade, Redwood 
City, USA), was deployed online to members of the public in the Goth-
enburg area of Sweden using an online research participation platform. 
All participants completed both the meat 4Ns survey and the dairy 4Ns 
survey (within-subjects design). The order of presentation of the surveys 
was randomized such that half of the participants completed the meat 
4Ns first, while the other half of the participants completed the dairy 
4Ns first. The order of items in each 4Ns survey was also randomized 
across the participants. The items were measured on 7-point Likert 
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scales (strongly disagree – strongly agree). After completing each of the 
4Ns scales, participants were asked to provide free commentary on the 
reasons why they do or do not consume meat/dairy products. Finally, 
the participants completed a food frequency questionnaire targeting 
meat (beef, lamb, poultry, pork, and game) and dairy (milk, yoghurt, 
cheese, ice cream, and butter) products, responding on a scale with 7 
response categories (never, rarely, once a month, once every 2 weeks, 
once a week, 2–4 times a week, and almost every day; designated values 
from 1 to 7, respectively). 

2.1.3. Data analysis 
For each survey (meat and dairy 4Ns), descriptive statistics were 

calculated for all items and internal consistency across all individuals 
(Cronbach’s α) was assessed for the full scales as well as for each sub-
scale. The internal structure of the dairy 4Ns was compared to that of the 
original meat 4Ns using exploratory factor analysis (EFA) with 
maximum likelihood extraction. The loadings determined from the first 
three factors of the dairy 4Ns were correlated with those from the meat 
4Ns using RV coefficient analysis. Additionally, Pearson’s correlation 
analyses were run between the dairy and meat 4Ns on the sum subscales 
(Natural, Necessary, Normal and Nice), the total 4N scores, and between 
each subscale sum and total consumption (taken as the sum of self- 
reported consumption for each meat or dairy item listed). The above 
analyses were conducted using XLStat ver. 2022.1.2 (Addinsoft SARI, 
Paris, France) with α = 0.05. 

To evaluate conditional associations between consumption and the 
endorsement of meat or dairy as Natural, Necessary, Normal, and Nice, 
two separate linear regression models were estimated with Bayesian 
inference (normal priors for all coefficients, μ = 0; σ = 1, and expo-
nential priors for errors). These priors can be interpreted as normal 
distributions centered on zero (i.e., expected average influence of 4N 
subscale score on consumption of 0 before seeing the data) where 95 % 
of the values lie between − 2 and 2. Subscale scores were centered 
around their means prior to analysis. Posterior means are presented as 
point estimates of association, together with 89 % compatibility in-
tervals (CoI). This analysis was conducted using the ‘quap’ function in 
the ‘rethinking’ package in R (version 4.1.1, R Core Team, 2021). A 
Bayesian approach was used here in order to contribute to the increas-
ingly popular movement away from overreliance on significance in-
dicators such as p-values for interpretation of results (Bendtsen, 2018; 
2020; Wagenmakers et al., 2017). Both frequentist and Bayesian sta-
tistics appear throughout the results sections of this manuscript to 
contribute to normalizing the Bayesian approach whilst also offering 
familiar statistics for those more accustomed to the frequentist approach 
(however, the aim is not to directly compare the methods). Null- 
hypothesis statistical testing equivalent analysis is presented in the 
supplementals (Table S1). 

In order to provide an overview of participants’ self-reported moti-
vations for (not) consuming meat and dairy, the frequency of words used 
in response to “the main reasons why you do or do not consume meat/ 
dairy products” was calculated using the ‘dplyr’ and ‘tidytext’ packages 
in R. The responses were read and re-read by one of the researchers 
(ESC) and words that occurred frequently but were perceived as irrele-
vant in this case were removed (e.g., “meat”, “dairy”, “consume”, “eat”, 
“human”, “vegan/vegetarian”). Other terms were lemmatized; their 
meanings were retained but could be considered under a single term (e. 
g., “healthy/healthier” were lemmatized to “health”). The manually 
tidied data were further cleaned by removing all terms that appear in the 
‘stop_words’ dataset in R which includes conjunctions, prepositions, and 
personal pronouns. The frequency of the words remaining that appeared 
at least twice was then calculated as a percentage of the total remaining 
words for each dataset. 

2.2. Results 

2.2.1. Dairy consumption rationalization 
The internal reliability (Cronbach’s α) of both surveys – full scales 

and subscales – was acceptable, and all subscales were positively 
correlated with their counterpart in the other survey (Table 2). Factor 
loadings from EFA for each survey indicated that the factor loadings for 
the meat 4Ns survey were similar to the original findings of Piazza et al. 
(2015), including the low loadings for the items “eating/consuming … is 
an acceptable practice in my society” and “most people eat/consume 
….” which loaded instead onto a potential second factor as they did in 
the original version (Table 3). The matrices of the factor analysis load-
ings on the first three factors from meat 4Ns and dairy 4Ns were strongly 
correlated (RV = 0.853, p <.001). Taken together, the high correlations 
between the subscales, as well as the significantly high RV coefficient 
value, suggest that the items developed to determine the 4Ns for meat 

Table 1 
Meat and dairy 4Ns surveys.  

Subscale Item Meat (original;  

Piazza et al., 2015) 

Dairy 

Natural 1 It is only natural to eat meat It is only natural to consume 
dairy products 

2 Our human ancestors ate 
meat all the time 

Our human ancestors 
consumed dairy products all 
the time 

3 It is unnatural to eat an all 
plant-based diet 

It is unnatural to consume an 
all plant-based diet 

4 Human beings naturally 
crave meat 

Human beings naturally 
crave dairy products 

Necessary 5 It is necessary to eat meat in 
order to be healthy 

It is necessary to consume 
dairy products in order to be 
healthy 

6 A healthy diet requires at 
least some meat 

A healthy diet requires at 
least some dairy products 

7 You cannot get all the 
protein, vitamins, and 
minerals you need on an all 
plant-based diet 

You cannot get all the 
protein, vitamins, and 
minerals you need on an all 
plant-based diet 

8 Human beings need to eat 
meat 

Human beings need to 
consume dairy products 

Normal 9 Eating meat is an acceptable 
practice in my society* 

Consuming dairy products is 
an acceptable practice in my 
society 

10 It is abnormal for humans 
not to eat meat. 

It is abnormal for humans not 
to consume dairy products 

11 Most people eat meat*  Most people consume dairy 
products 

12 It is normal to eat meat. It is normal to consume dairy 
products 

Nice 13 Meat is delicious Dairy products are delicious 
14 Meat adds so much flavor to 

a meal, it does not make 
sense to leave it out 

Dairy products add so much 
flavor to a meal, it does not 
make sense to leave them out 

15 The best tasting food is 
normally a meat-based dish 
(e.g., steak, chicken breast, 
grilled fish) 

The best tasting food is 
normally-one containing 
dairy products (e.g., grilled 
cheese, cream-based sauce) 

16 Meals without meat would 
just be bland and boring 

Meals without dairy products 
would just be bland and 
boring 

*Items modified based on the recommendations of Piazza et al. (2015). 

Table 2 
Cronbach’s alpha values for the whole scale and subscales of meat and dairy 4Ns, 
and Pearson correlations between the meat and dairy versions.   

Meat 4Ns 
(Cronbach’s α) 

Dairy 4Ns 
(Cronbach’s α) 

Pearson correlation 
r(173) meat vs dairy 4Ns 

Full scale  0.934  0.911  0.758*** 

Normal  0.787  0.768  0.711*** 

Necessary  0.916  0.880  0.750*** 

Natural  0.707  0.673  0.725*** 

Nice  0.867  0.816  0.540***  

***
p <.001. 
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consumption were transferrable to dairy products. 

2.2.2. Relationships between 4 N endorsement and consumption 
The posterior distributions for each conditional association between 

meat and dairy consumption and the Normal, Necessary, Nice, and 
Natural scales were calculated (Fig. 1). Endorsement of Nice had the 
strongest conditional association with consumption for both meat and 
dairy. For meat, Nice was conditionally associated with consumption to 
a far greater extent than the other 3Ns. The difference was less striking 
for dairy, where Normal and Natural seemed somewhat more relevant 
than for meat. In contrast to Piazza et al. (2015), endorsement of 
Necessary did not seem to have a strong association with consumption 
for either meat or dairy once Normal, Nice, and Natural were accounted 
for. 

2.2.3. Responses to open questions about meat and dairy consumption 
The response rate to the open questions (“Please write in your own 

words the main reasons why you do or not do consume meat/dairy”) 
was high, with 95.4 % and 90.9 % of participants providing some 
response for meat and dairy respectively. The frequency of words for 

each of meat and dairy were plotted against each other (Fig. 2). Since 
this data combines both reasons for and against consuming these foods, 
inference concerning whether the words mentioned represent barriers 
or motivators is not possible from Fig. 2. However, the terms that are 
shared across the categories of meat and dairy were of primary interest. 
“Taste” was the most frequently cited reason for (not) consuming both 
meat and dairy products. This supported the quantitative analysis 
(Section 2.2.2) which showed that of the 4Ns, Nice was the most strongly 
related to consumption. “Health” and “diet” were other important rea-
sons mentioned by the participants when describing meat and dairy 
consumption: “health” to nearly the same extent for meat and for dairy, 
but “diet” appearing more often for meat. 

3. Study 2 – Sensory expectations of cow’s milk and PBMA 

Study 1 established that the 4Ns of rationalizing meat consumption 
transferred well to dairy consumption; a similar scale solution according 

Table 3 
Factor loadings for meat and dairy 4Ns surveys with eigenvalue and explained variance.  

Subscale Item Meat  

(Piazza et al., 2015)* 

Meat Dairy 

F1 F1 F2 F1 F2 

Natural - It is only natural to eat/consume …  0.858  0.653  − 0.285  0.740  − 0.133 
- Our human ancestors ate/ consumed… all the time.  0.677  0.555  − 0.093  0.600  0.002 
- It is unnatural to eat/consume an all plant-based diet.  0.787  0.728  0.213  0.541  0.211 
- Human beings naturally crave …  0.788  0.757  − 0.009  0.758  0.069 

Necessary - It is necessary to eat/consume …. in order to be healthy.  0.815  0.818  0.369  0.816  0.393 
- A healthy diet requires at least some ….  0.847  0.849  0.281  0.782  0.323 
- You cannot get all the protein, vitamins, and minerals you need on an all plant-based diet.  0.716  0.655  0.260  0.558  0.248 
- Human beings need to eat/consume ….  0.834  0.821  0.301  0.796  0.325 

Normal - Eating/consuming …. is an acceptable practice in my society.  0.334  0.354  − 0.471  0.378  − 0.445 
- It is abnormal for humans not to eat/consume….  0.773  0.691  0.185  0.687  0.209 
- Most people eat/consume….  0.400  0.429  − 0.287  0.356  − 0.296 
- It is normal to eat/consume ….  0.709  0.684  − 0.503  0.590  − 0.443 

Nice - …… is/are delicious  0.670  0.698  − 0.360  0.514  − 0.467 
- …… adds so much flavor to a meal, it does not make sense to leave it out.  0.847  0.804  0.016  0.690  − 0.120 
- The best tasting food is normally …… based/containing dish (matching examples by category).  0.821  0.762  − 0.185  0.586  − 0.407 
- Meals without …. would just be bland and boring.  0.832  0.710  0.024  0.676  − 0.127         

Eigenvalue  8.93  7.80  1.27  6.63  1.43  
Explained variance (%)  55.80  48.76  7.91  41.43  8.95  

*
Original factor loadings ofPiazza et al. (2015). 

Fig. 1. Mean of the posterior distributions (circle) and 89 % CoIs for condi-
tional associations between consumption of meat (pink) and dairy (purple) and 
scores on Normal, Necessary, Nice, and Natural. The conditional association 
represents the expected increase or decrease in mean consumption based on a 
one-point increase in each 4N subscale, all else being equal. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 

Fig. 2. Shows the frequency (log scale) of commonly occurring words in the 
free-text responses to the questions “Please write in your own words the main 
reasons why you do or not do consume meat/dairy” as a % of the number of 
words left in the data following manual and automatic (using the ‘stop_words’ 
dataset in R) data tidying. Words closer to the ab-line occur with a similar 
frequency in both the meat and dairy datasets. Words further up the y-axis 
occur more frequently in the dairy dataset, while words further along the x-axis 
occur more frequently in the meat dataset. 
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to EFA and comparable relationships with consumption patterns were 
observed. In Study 2, we went on to explore differences in endorsement 
of the dairy 4Ns between frequent and infrequent consumers of PBMAs, 
and whether there were differences in sensory expectations/associations 
for cow’s milk and PBMAs. Here, we primarily focused on PBMAs as they 
are some of the most well-established plant-based alternative dairy 
products available on the Swedish market, however, in some places we 
consider total plant-based dairy alternative consumption for a holistic 
perspective on consumption and rationalization. The hypotheses of 
Study 2 were that:  

(i) The relationships between the dairy 4Ns and consumption 
detected in Study 1 would be replicated  

(ii) Dairy 4N endorsement would be stronger among infrequent 
consumers of PBMAs as compared to frequent consumers  

(iii) Consumers’ sensory expectations for cow’s milk and PBMAs 
would differ 

As an additional component of hypothesis (iii), our initial intention 
was to assess the impact of consumer status (infrequent vs frequent 
PBMA user) on expected sensory properties. However, prompted by the 
results of Study 1, where scores on the Nice subscale and taste were 
found to be major factors associated with consumption of dairy, 
exploratory analyses to investigate the impact of rationalization (total 
4N score) on expected sensory properties of both cow’s milk and PBMAs 
were conducted rather than comparing across consumer groups. 

3.1. Methods 

3.1.1. Participants 
Of the 502 individuals who opened the survey link, 402 participants 

completed the survey in full. Demographics including gender, age, ed-
ucation level, dairy intolerances/allergies, and consumption frequency 
of PBMAs were obtained. Prior to conducting any data analysis, fre-
quency of PBMA consumption was used to categorize consumers into 
two groups: infrequent (consume PBMAs 1–3 times per month, less 
frequently, or never in the past 12 months; N = 210) and frequent 
(consume PBMAs once per week or more frequently, up to and including 
once or more a day; N = 192). The participant demographics for each 
group are summarized in Table 4. 

3.1.2. Survey 
The survey was created using SurveyMonkey™, and participants 

were recruited using a combination of an online recruitment platform 
(advertising in Gothenburg and Stockholm) and snowball sampling via 
the researchers’ social media contacts. To take part, participants needed 
to be currently residing in Sweden, over 18 years old, and comfortable 
completing the study in English. Demographic questions (age, gender, 
and education level) were followed by the dairy 4Ns questionnaire, 
which was identical to that implemented in Study 1. 

Participants were then asked to indicate their sensory expectations 
for cow’s milk and PBMAs using a Check-All-That-Apply (CATA) format. 
They were permitted to consider any PBMA products they happened to 
be aware of as a whole, rather than replying for products individually, in 
order to reduce potential boredom due to over-repetition. Twenty-three 
attributes in total were included, chosen based on previous literature on 
sensory profiling of dairy milk and PBMAs (Lorusso, Coda, Montemurro, 
& Rizzello, 2018; Luana et al., 2014; Torres-Penaranda & Reitmeier, 
2001; Vaikma, Kaleda, Rosend, & Rosenvald, 2021) and a full list can be 
found in the supplementary materials (Table S2). 

Finally, the participants completed a food frequency questionnaire 
targeting dairy products (milk, yoghurt, cheese, ice cream, and butter) 
and their plant-based equivalents (the same five categories prefaced 
with “vegan/plant-based”). They responded on a scale with 8 response 
categories (never in the past 12 months, less than once every 6 months, 
less than once a month, 1–3 times per month, once a week, 2–4 times a 
week, 5–6 times a week, and once a day or more; designated values from 
1 to 8, respectively). 

3.1.3. Data analysis 
Internal consistency (Cronbach’s α) was estimated for each subscale 

as well as for the full dairy 4Ns scale, and EFA was performed to 
determine the underlying structure of the data. The participants were 
grouped into infrequent and frequent PBMA consumers as described in 
Section 3.1.1, and their scores for each of the 4Ns were then calculated. 

The conditional associations of 4N endorsement were estimated with 
Bayesian inference for both sum dairy consumption (priors for all co-
efficients updated to the posterior means and SDs determined in Study 1 
and exponential priors for errors) and plant-based alternative con-
sumption (normal priors for all coefficients, μ = 0; σ = 1, and expo-
nential priors for errors). Subscale scores were centered around the 
mean prior to analysis, and the ‘quap’ function in the ‘rethinking’ R 
package was used for inference. This analysis tested hypothesis (i). This 
analysis highlights another benefit of the Bayesian approach, namely 
that the priors for analysis on dairy consumption could be updated based 
on the outcomes of Study 1. This allows for re-use of information which 
results in more precise posterior estimates when patterns are similar 
across the two studies, and differences between priors and posteriors can 
indicate if the studies deviated substantially. Null hypothesis statistical 
testing equivalents of this analysis are presented in the supplementary 
materials (Table S3). 

Since four subscale scores were obtained from the 4Ns questionnaire, 
giving multiple dependent variables, MANOVA was used to compare 
endorsement of the 4Ns between the two consumer groups (α = 0.05) in 
SPSS (version 27) and separate univariate tests for each subscale sup-
plied follow-up analysis to determine which subscales showed signifi-
cant group differences. The usefulness of 4N endorsement in predicting 
group membership (frequent vs infrequent PBMA consumer) was eval-
uated by predicting group membership using logistic regression, where 
models were estimated using Stan (‘rstan’ in R). Calibration was used to 
assess predictive performance (cross-validation with 10 folds). A 
Bayesian network skeleton structure among the 4Ns and group was 
learnt using a constraint-based algorithm (parents and children) with the 
mutual information criterion (using the ‘pc.stable’ function in the 
‘bnlearn’ package in R). These analyses tested hypothesis (ii). 

Table 4 
Demographics of the participants of Study 2.    

Infrequent 
PBMA 
consumers  

(N ¼ 210) 

Frequent 
PBMA 
consumers  

(N ¼ 192) 

Total  

(N ¼
402) 

Age Mean (SD) 41.6 (12.6) 37.6 (13.4) 39.7 
(13.1) 

Gender Female 58.1 % 74.0 % 65.7 %  
Male 41.9 % 24.0 % 33.3 %  
Undisclosed 0.0 % 0.0 % 0 %  
Other 0.0 % 2.1 % 1.0 % 

Education Compulsory school 
certificate 

5.2 % 5.2 % 5.2 %  

Upper secondary  

school 

6.7 % 8.9 % 7.7 %  

Post-secondary (not 
university) 

10.5 % 9.9 % 10.2 %  

College/university 
(undergraduate) 

40.0 % 37.0 % 38.6 %  

College/university 
(postgraduate) 

37.6 % 39.1 % 38.3 %  
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The CATA data were pre-processed to remove attributes that were 
cited at a frequency below 5 % to reduce noise in the data. The pre- 
processed data were analyzed using Cochrane’s Q test (α = 0.05) in 
XLStat to assess differences in attribute selection between cow’s milk 
and PBMAs and test hypothesis (iii). To explore the impact of ration-
alization on sensory expectations, the likelihood of attributes being 
selected in the sensory CATA task as a function of 4N score was analyzed 
using logistic regression with the ‘quap’ function in the ‘rethinking’ R 
package (normal priors for all coefficients, μ = 0; σ = 1.5) separately for 
cow’s milk and PBMAs. Null hypothesis statistical testing equivalent 
analysis is presented in the supplementary materials (Table S4). 

3.2. Results 

3.2.1. Performance of the dairy 4Ns scale 
The full dairy 4Ns scale (both consumer groups combined) again 

showed acceptable internal consistency (Cronbach’s α = 0.873), as did 
the subscales of Natural (Cronbach’s α = 0.695), Necessary (Cronbach’s 
α = 0.847), and Nice (Cronbach’s α = 0.798). However, the internal 
consistency of the Normal scale was fairly poor (Cronbach’s α = 0.443). 
We elected to proceed with the analyses as described above – but note 
that results pertaining to the Normal subscale should be interpreted with 
caution. This issue is addressed in Section 4.1. 

The EFA loadings of the 4Ns showed similarities in loadings to Study 
1 (Table 5), but with slightly lower eigenvalues and explained variance 
(differences of 1.26 and 7.89 %, respectively). Further, the loadings 
from the 4Ns scale from Study 1 and Study 2 analyzed with RV co-
efficients showed that the matrices were significantly (p <.001) highly 
correlated with an RV coefficient of 0.898. As in Study 1, the items 
“consuming dairy products is an acceptable practice in my society” and 
“most people consume dairy products” loaded more weakly compared to 
the other items and instead loaded more strongly onto a possible second 
factor. 

Table 5 
Factor loadings for dairy 4 N’s survey with eigenvalue and explained variance in 
Study 2.  

Subscale Item F1 F2 

Natural It is only natural to consume dairy products  0.632  − 0.202 
Our human ancestors consumed dairy products 
all the time  

0.463  − 0.065 

It is unnatural to consume an all plant-based diet  0.507  0.079 
Human beings naturally crave dairy products  0.717  0.174 

Necessary It is necessary to consume dairy products in order 
to be healthy  

0.781  0.321 

A healthy diet requires at least some dairy 
products  

0.784  0.324 

You cannot get all the protein, vitamins, and 
minerals you need on an all plant-based diet  

0.514  0.137 

Human beings need to consume dairy products  0.781  0.349 
Normal Consuming dairy products is an acceptable 

practice in my society  
0.129  − 0.483 

It is abnormal for humans not to consume dairy 
products  

0.505  0.208 

Most people consume dairy products  0.101  − 0.279 
It is normal to consume dairy products  0.373  − 0.461 

Nice Dairy products are delicious  0.470  − 0.481 
Dairy products add so much flavor to a meal, it 
does not make sense to leave them out  

0.713  − 0.314 

The best tasting food is normally-one containing 
dairy products (e.g., grilled cheese, cream-based 
sauce)  

0.540  − 0.443 

Meals without dairy products would just be 
bland and boring  

0.664  − 0.013      

Eigenvalue  5.367  1.523  
Explained variance (%)  33.545  9.520  

Fig. 3. A: Mean scores for each 4N subscale for the infrequent and frequent 
PBMA consumer groups. Error bars show 95 % CIs. B: Calibration plot showing 
out of sample predicted probability of infrequent consumption of PBMA versus 
the empirical distribution (10-fold cross-validation) – close agreement between 
the black ab line and the green model prediction line indicates good predictive 
power. C: Bayesian network skeleton representing independence relationships 
between “group” (binary categorization of individuals as an infrequent or 
frequent PBMA consumer) and the 4N subscales. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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3.2.2. 4N endorsement between infrequent and frequent PBMA consumers 
According to MANOVA, there were significant differences in 4N 

endorsement between consumer groups (Pillai’s Trace = 0.152, p <.001, 
ηp

2 = 0.152). Univariate analyses showed that scores were significantly 
different across groups for all subscales, Natural (F(1, 400) = 31.34, p 
<.001, ηp

2 = 0.073), Necessary (F(1, 400) = 18.86, p <.001, ηp
2 = 0.045), 

Normal (F(1, 400) = 10.78, p =.001, ηp
2 = 0.026), and Nice (F(1, 400) =

69.42, p <.001, ηp
2 = 0.148), where infrequent PBMA consumers scored 

higher on all four dairy 4 N scales than frequent PBMA consumers 
(Fig. 3A). 

Logistic regression was used to discriminate between frequent or 
infrequent PBMA consumers conditional on the 4N subscales. The 
calculated estimates show the conditional odds ratios for each of the 4N 
subscales (Table 6). Endorsement of dairy as Nice, with an odds ratio 
markedly >1, was particularly strongly associated with being an infre-
quent PBMA consumer. Tenfold cross-validation revealed that the lo-
gistic regression model was efficient in predicting frequent and 
infrequent PBMA consumer group membership, evidenced by the cali-
bration plot (Fig. 3B; where the black line represents perfect prediction, 
and the green line shows the model’s predictions). Finally, inspection of 
the Bayesian network skeleton (see Section 3.1.4) shows that informa-
tion contained within the Nice subscale is likely sufficient in itself to 
distinguish infrequent and frequent PBMA consumers (Fig. 3C). 
Although Natural, Necessary, and Normal are all associated with Nice, 
these were not found to directly relate to group membership conditional 
on Nice. This suggests that although the other 3Ns can provide useful 
information about consumption in the absence of the Nice subscale, 
their predictive power is of lesser value than the Nice subscale itself. 

3.2.3. 4Ns scores and reported consumption of dairy and plant-based 
alternatives 

The patterns of association from each of the dairy 4Ns with dairy/ 
plant-based alternative consumption determined using Bayesian infer-
ence were very similar to those found in Study 1. Again, Nice showed the 
strongest positive association with dairy consumption, followed by 
Normal, Natural and Necessary showing very little conditional associ-
ation (Fig. 4). On the other hand, endorsement of dairy as Nice showed 
an inverse relationship with reported sum consumption of plant-based 
alternatives to dairy. 

3.2.4. Sensory expectations of cow’s milk vs PBMAs 
According to Cochrane’s Q analysis, sensory expectations for cow’s 

milk and PBMAs differed significantly across eleven attributes (Fig. 5). 
Unsurprisingly, “dairy” was significantly cited as an expected attribute 
more often for cow’s milk than PBMAs, followed by “mouthcoating”, 
“savory” and “sour”. Seven attributes were cited as expected attributes 
significantly more often for PBMAs than cow’s milk: “nutty” and 
“watery”, and to a moderate extent “cereal”, “earthy”, “artificial”, 
“chalky”, and “beany” (above 50 citations). One noteworthy attribute 
that did not significantly differ in expectations between cow’s milk and 
PBMAs but was cited regularly (46 %) was “sweet”. 

Logistic regression (Table 7) showed that for cow’s milk, several 
sensory attributes were markedly impacted by rationalization, including 

“astringent/drying”, “lingering”, “mouthcoating”, “oily”, “rancid”, “sa-
vory”, and “sour”. In each of these cases, the posterior probability of an 
odds ratio >1 was high relative to other cases (posterior probability >
0.97), or low relative to other cases (posterior probability < 0.03). 
“Savory” showed an odds ratio >1, indicating an increase in the likeli-
hood of cow’s milk being considered “savory” with increasing dairy 4Ns 
score. The other attributes had odds ratios <1, indicating a decrease in 
the likelihood that respondents would expect cow’s milk to have these 
sensory attributes as dairy 4N score increased. For PBMAs, ration-
alization seemed to markedly influence the likelihood of seven attributes 
being selected: “artificial”, “bitter”, “nutty”, “oily”, “savory”, “sweet”, 
and “none of the above”. With increasing level of rationalization, re-
spondents were less likely to expect PBMAs to be “savory”, “nutty”, or 
“sweet” and more likely to expect them to be “oily” or “bitter”. Although 
it was not selected with greater frequency for either cow’s milk or 
PBMAs, “none of the above” was related to rationalization, with stronger 
dairy rationalization being related to an increase in likelihood of 
selecting this for PBMAs. 

4. Discussion 

Given the need to reduce not only meat consumption but animal 
product consumption more broadly in order to reduce the negative 
environmental impact attributable to the food industry, it is necessary to 
understand consumers’ perspectives on dairy products and their plant- 
based alternatives. In two survey-based studies, we aimed to deter-
mine whether rationalizations and motivations for meat consumption 

Table 6 
Marginal posterior odds ratios for being a frequent or infrequent PBMA con-
sumer with respect to 4N endorsement. Odds ratios > 1 indicate that a one-point 
increase in endorsement increases the odds of being an infrequent PMBA 
consumer.   

Median of the marginal 
posterior distribution 
(2.5 % and 97.5 % quartiles)  

Posterior probability of 
odds ratio > 1 

Normal 1.00 (0.92; 1.08)  0.47 
Necessary 1.00 (0.95; 1.05)  0.48 
Natural 1.04 (0.98; 1.10)  0.88 
Nice 1.17 (1.11; 1.24)  > 0.99  

Fig. 4. Mean of the posterior distributions (circle) and 89 % CoIs for condi-
tional associations between sum consumption of dairy (purple) or it’s plant- 
based alternatives (green) and scores on Normal, Necessary, Nice, and Natu-
ral. The conditional association represents the expected increase or decrease in 
mean consumption based on a one-point increase in each 4N subscale, all else 
being equal. (For interpretation of the references to colour in this figure legend, 
the reader is referred to the web version of this article.) 

Fig. 5. Differences in the frequency of citations of expected sensory attributes 
for cow’s milk vs PBMAs. *p <.05, **p <.01, and ***p <.001. 
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transferred to dairy consumption, and to identify relationships between 
rationalization, consumption behavior, and sensory expectations of 
cow’s milk and PBMAs. The primary unique contribution of this work 
lies within the assessment of how individual differences in ration-
alization of dairy consumption could affect not only consumption pat-
terns, but also sensory expectations of PBMA products among 
consumers. Our results and their implications are discussed in the sec-
tions that follow. 

4.1. Transferring the 4Ns of meat consumption to dairy products 

We found that the 4Ns of meat consumption also serve well to cap-
ture motivations and rationalizations for dairy consumption. Although 
Piazza et al. (2015) found significant correlations between 4N scores and 
reported dairy consumption, the present results extend this by showing 
that rephrasing the 4N survey to fit dairy products is functionally viable 
and creates a targeted scale for dairy rationalization. It was seen that the 
largest effect size was detected for differences for the Nice subscale, 
while the smallest effect size was found for the Normal subscale. This 
may speak to general agreement that dairy consumption is considered 
normal in Swedish society, even by those who use dairy products less 
frequently or not at all. This is perhaps not surprising given the role of 
PBMAs as direct substitutes for dairy in every-day use. However, as 
mentioned previously, this result needs to be viewed with caution due to 
the low internal reliability for the Normal subscale found in Study 2. 

In fact, the Normal subscale showed inconsistent internal reliability 
across the two studies, with the items “consuming dairy products is an 
acceptable practice in my society” and “most people consume dairy 
products” being particularly problematic. We attempted to address the 
original authors’ concerns by rephrasing these questions, as it was 
suggested that these items on the original scale may be understood 
differently to the others in this subscale (Piazza et al., 2015). Nonethe-
less, these items loaded poorly, and fit was not improved. In the item 
“consuming dairy products is an acceptable practice in my society”, the 
term “society” is somewhat open to various interpretations by the con-
sumers. This vagueness may have made answering difficult and is a 
likely explanation for its poor fit. Regarding the item “most people 
consume dairy products”, it may be unclear whether the question relates 
to people in society in general or to most people that the respondent 
personally knows. Speculatively, this may have especially affected the 
frequent PBMA consumers in Study 2, whose social circles may be more 
likely to include people who, in fact, do not consume dairy products. The 
Normal subscale also showed the lowest test–retest reliability in the 
original 4Ns scale for meat consumption (Piazza et al., 2015). Further 
work may be needed to generate psychometrically reliable statements 
capturing the “normality” of consuming certain foods, that are more 
stable to variation in interpretation across individuals or groups of 
consumers. 

4.2. Rationalization and consumption behavior – A matter of taste? 

In both studies, dairy 4Ns endorsement was related to self-reported 
dairy consumption and could even be used to categorize consumers as 
infrequent or frequent users of PBMAs with a high degree of accuracy. Of 
particular interest was that of the four subscales, endorsement of dairy 
as Nice consistently showed the strongest relationship with reported 
dairy consumption. Piazza et al. (2015) reported that Necessary was the 
most reliable correlate of both meat and dairy consumption, however 
our analysis suggests that Nice is the strongest predictor when the shared 
variance with the other 3Ns is accounted for. This could indicate some 
cross-cultural differences in how the 4Ns relate to consumption (USA vs 
Sweden) or could have resulted from differences in the variables 
analyzed – for example, here (in contrast to Piazza et al., 2015) we did 
not evaluate the effects of 4N endorsement on the specific foods we 
measured consumption for, instead opting for composite scores of 
overall meat and dairy consumption. Our results nonetheless suggest 
that efforts to reduce dairy (and meat) consumption in favor of plant- 
based alternatives should prioritize the sensory profile of the alterna-
tive products. 

Similar findings were reported by Zollman Thomas and Bryant 
(2021) who found that willingness to buy animal-free dairy cheese 
created using precision fermentation was highly dependent on the 
expectation that it would be tasty. These authors also found that con-
sumers consistently rated vegan nut-based cheese to be less tasty than 
not only the premium cheese product in their country, but also the basic 

Table 7 
Marginal posterior odds ratios for selecting attributes with respect to dairy 
rationalization (total 4N endorsement) estimated using logistic regression and 
rounded to two decimal places. Odds ratios > 1 indicate that a one-point in-
crease in 4N endorsement above the mean increases the odds of selecting a given 
attribute.  

Attribute Cow’s milk PBMAs 
Median of 
the 
marginal 
posterior 
distribution 
(2.5 % and 
97.5 % 
quartiles) 

Posterior 
probability 
of odds 
ratio > 1 

Median of 
the 
marginal 
posterior 
distribution 
(2.5 % and 
97.5 % 
quartiles) 

Posterior 
probability 
of odds 
ratio > 1 

Artificial 1.03 
(0.98; 1.08)  

0.88 1.04 
(1.02; 1.05)  

0.99 

Astringent/ 
drying 

0.95 
(0.90; 1.00)  

0.03 1.01 
(0.99; 1.05)  

0.88 

Beany 1.00 
(0.94; 1.06)  

0.52 1.00 
(0.98; 1.02)  

0.37 

Bitter 0.99 
(0.94; 1.05)  

0.35 1.04 
(1.01; 1.07)  

> 0.99 

Caramelized 1.02 
(0.99; 1.06)  

0.90 1.01 
(0.98; 1.03)  

0.69 

Cereal 1.02 
(1.00; 1.04)  

0.96 0.99 
(0.97; 1.00)  

0.05 

Chalky 1.00 
(0.98; 1.03)  

0.59 1.00 
(0.98; 1.02)  

0.55 

Dairy 1.00 
(0.99; 1.02)  

0.62 1.00 
(0.99; 1.03)  

0.76 

Earthy 1.02 
(1.00; 1.05)  

0.96 0.99 
(0.98; 1.01)  

0.22 

Grassy 1.01 
(0.98; 1.04)  

0.69 1.00 
(0.98; 1.03)  

0.65 

Lingering 0.95 
(0.93; 0.96)  

< 0.01 1.00 
(0.97; 1.02)  

0.39 

Lumpy 0.97 
(0.93; 1.01)  

0.10 1.01 
(0.98; 1.04)  

0.73 

Malty 1.02 
(0.97; 1.08)  

0.82 1.00 
(0.98; 1.03)  

0.68 

Metallic 0.98 
(0.94; 1.02)  

0.11 1.03 
(0.99; 1.06)  

0.92 

Mouthcoating 0.98 
(0.97; 1.00)  

0.02 1.00 
(0.98; 1.02)  

0.40 

Nutty 1.03 
(0.99; 1.06)  

0.93 0.97 
(0.96; 0.98)  

< 0.01 

Oily 0.97 
(0.94; 1.00)  

0.03 1.03 
(1.01; 1.06)  

> 0.99 

Rancid 0.90 
(0.87; 0.94)  

< 0.01 1.01 
(0.98; 1.06)  

0.79 

Savory 1.03 
(1.00; 1.05)  

0.99 0.94 
(0.91; 0.97)  

< 0.01 

Sour 0.96 
(0.93; 0.98)  

< 0.01 1.00 
(0.96; 1.04)  

0.49 

Sweet 1.01 
(0.99; 1.02)  

0.81 0.97 
(0.95; 0.98)  

< 0.01 

Viscous 0.98 
(0.95; 1.01)  

0.08 0.99 
(0.96; 1.02)  

0.31 

Watery 0.99 
(0.96; 1.01)  

0.14 1.00 
(0.98; 1.01)  

0.42 

None of the 
above 

0.99 
(0.97; 1.01)  

0.24 1.03 
(1.01; 1.06)  

> 0.99  
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supermarket product and the precision fermentation option. Although 
these participants did not taste any products, the results nevertheless 
demonstrate the importance of sensory expectations: consumers may 
assume plant-based alternatives to dairy products will taste poor even 
before trying them (Zollman Thomas & Bryant, 2021). Hence, these 
products may face even greater challenges than animal-free cultured 
alternatives in garnering consumer acceptance. This raises the question 
of whether plant-based dairy products should aim to replicate the sen-
sory experience of the original dairy products for consumer acceptance 
or if they should instead strive for their own unique - but enjoyable - 
sensory profiles. This point requires further investigation, although 
recent evidence suggests that several consumer clusters may exist. For 
example, regarding milk products, Cardello, Llobell, Giacalone, Roigard, 
and Jaeger (2022) described consumer groups ranging from those 
exclusively preferring the sensory properties of full-fat dairy milks to 
those liking several PBMA varieties. 

Analysis of the qualitative data obtained in Study 1 supported the 
notion that consuming dairy (or not) may be driven primarily by its 
perceived sensorial niceness, as “taste” was the most commonly cited 
word for both meat and dairy. Interestingly, “health” was the second 
most cited word in both the dairy and meat datasets, although the 
regression analyses did not suggest that the subscale Necessary was 
strongly associated with reported consumption (either in Study 1 or 2). 
This could be due to the Necessary subscale not capturing specific ele-
ments of what these consumers consider “necessary” regarding foods, e. 
g., specific nutritional components. Alternatively, it could be that – 
when prompted – consumers report that health is a strong driver of their 
food choices, but that this does not emerge quantitatively relative to 
other motivators such as taste. This would be reminiscent of the findings 
of Mäkiniemi and Vainio (2014) who reported that their participants 
cited price as a strong barrier to making more sustainable food choices, 
but also found that price was only weakly associated with current food 
behavior. 

It is also possible that at least some frequent PMBA consumers agreed 
that some dairy products are healthy, but eschew their consumption for 
other reasons, whilst some infrequent PBMA consumers agreed that not 
all dairy products are necessary for good health but still consume them 
somewhat regularly for other reasons (possibly cancelling out a clear 
effect of this factor in the quantitative analysis). Since the qualitative 
data included both reasons for and for not consuming meat and dairy 
products, individuals of various dietary orientations may have described 
their (differing) choices as related to health but grounded in different 
arguments. It was interesting that the words “animals”, “ethical”, and 
“industry” appeared more frequently in the meat dataset, while “natu-
ral”, “cooking”, and “alternatives” appeared more often in the dairy 
dataset. Perhaps among these participants there was a greater psycho-
logical disconnect between dairy products and the animals they come 
from relative to meat, as well as greater awareness of the plant-based 
alternatives for dairy that exist on the market compared to those 
available for meat. 

4.3. Sensory expectations of cow’s milk and PBMA 

As anticipated, the cohort expressed different sensory expectations 
for cow’s milk and PBMAs. Some of our results concurred with previous 
studies, such as “beany” and “nutty” being more associated with PBMAs, 
and “dairy” more associated with cow’s milk (Cardello et al., 2022). 
However, differences in some attributes, such as “chalky”, “artificial”, 
and “watery”, were more surprising. These differences could be related 
to previous experience with products that did exhibit these sensory 
properties, thereby embedding such characteristics as expected attri-
butes and possibly leading to lower levels of consumption. The sensory 
profiles of PBMAs depend on more than only their raw materials and can 
be affected by a range of other factors, meaning that two examples (e.g., 
brands) of the same variety can be experienced quite differently 
(Vaikma et al., 2021). As such, the sensory associations across groups 

(and individuals) here could vary dramatically depending on which – if 
any – PBMAs they have previously tried. Another possibility is simply 
the presence of the word in the CATA list, perhaps prompting consumers 
to select given words as post-hoc justifications for not consuming their 
less-preferred product, regardless of their actual presence in the prod-
ucts. This of course requires experimental verification, as well as testing 
at the point of actual consumption. Avenues for future research could be 
assessing the role of prior expectations of the sensory properties of 
PBMAs on sensory responses during tasting. 

In addition to differences in sensory expectations between cow’s 
milk and PBMAs, we also detected relationships between degree of 
rationalization of dairy consumption (total 4N score) and the likelihood 
that consumers would select given attributes. For instance, the 
decreasing likelihood of PBMAs being expected to be “nutty” as 
rationalization increases may indicate some degree of distrust of these 
products among those who more strongly endorse dairy consumption, or 
potentially less knowledge about the most commonly available varieties 
of plant-based drinks. Another observation was that rationalization was 
related to the selection of “artificial” and “none of the above” for PBMAs. 
These could be construed with negative connotations, that support their 
citation by consumers with relatively higher rationalization scores. 
Similarly, assuming “sweet” may have some positive connotations; that 
it was less likely to be selected by higher rationalizing individuals for 
PBMAs could further imply mistrust or an assumption that these prod-
ucts will be less enjoyable relative to their dairy counterparts. Certainly, 
the higher and lower expectations of “savory” and “oily”, respectively, 
for cow’s milk as a function of rationalization (and vice versa for 
PBMAs) suggests that these attributes could be associated with justifying 
lower consumption of the individuals’ non-preferred product. 

Understanding and influencing how consumers rationalize their 
consumption could be a way to change expectations and thereby shift 
consumption behavior. Similarly, increased exposure to PBMAs of 
differing base ingredients, or even flavored versions of these products, 
could change participants’ sensory expectations and, in turn, influence 
their rationalization tendencies and consumption patterns. That indi-
vidual differences in rationalization seem to matter for understanding 
consumers’ sensory expectations of PBMAs is a noteworthy outcome and 
reaffirms the value of assessing associations not only with products 
themselves but also how these relate to consumer characteristics. 

4.4. Limitations 

This work is not without limitations. In both studies, a greater pro-
portion of participants were female than male, and most participants 
had at least attended university, limiting generalizability. The dairy 4Ns 
scale also did not undergo test–retest analysis and requires further 
reliability tests within individuals. However, given the high correlation 
between the meat and dairy 4Ns (Study 1) it is expected that the 
test–retest reliability of the scale would be similar to the 4Ns for meat 
consumption reported by (Piazza et al., 2015). As an additional check of 
the reliability of the dairy 4Ns scale, the strengths of the Pearson cor-
relations between sum dairy consumption and total 4N endorsement 
across Study 1 and Study 2 were compared using Fisher’s r-to-z trans-
formation. This indicated that the correlation strengths did not differ 
between the two studies (data not shown), implying that the dairy 4Ns 
scale, as it pertains to its relationship with dairy consumption, per-
formed comparably in both studies. This, in addition to high RV co-
efficients in the EFA factor loadings in both studies, indirectly implies 
that the dairy 4Ns scale was performing similarly in at least two cohorts 
of participants. Regardless, assessing the test–retest reliability of the 
dairy 4Ns scale would be valuable, as would further work to improve the 
psychometric properties of the items in the Normal subscale as discussed 
in Section 4.1. 

The associations estimated between self-reported consumption and 
endorsement of the 4Ns across both meat and dairy products should be 
taken as indicators of relationships and not as unbiased average effects. 
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Since consumption was not reported using a continuous scale, nor 
measured in an objective manner (self-reported data on an ordinal 
scale), there is also a risk of associations being under and overestimated 
depending on how this conversion is done. However, the direction of the 
associations would not change, thus the findings would remain. It is 
encouraging that the same patterns were found in the data across both 
studies, and we can conclude that endorsement of the dairy 4Ns seems to 
relate positively with reported dairy consumption. Nonetheless, inter-
pretation on the exact expected change in consumption cannot be drawn 
from these data. 

Finally, the dairy 4Ns scale was tested only with consumers currently 
living in Sweden. The loadings in the factor analyses run in the current 
study for meat 4Ns were similar to the original authors whose samples 
were based in the USA, suggesting similar consumption habits or per-
spectives on meat consumption. The dairy 4Ns scale would benefit from 
further work examining how dairy consumption is perceived and 
rationalized in other societies, for example, in regions where plant-based 
alternatives to dairy are less readily available. 

5. Conclusions 

Mitigating the environmental impact of the food industry requires 
both top-down (supply end) and bottom-up (demand end) changes, 
including reductions in the consumption of animal products. Across two 
studies, here we investigated attitudes towards cow’s milk and plant- 
based milk alternatives (PBMAs) among Swedish consumers, with a 
view to understanding the factors that may impede increased uptake of 
plant-based alternatives to dairy products. The hypothesis of Study 1 
was that the motivations and rationalizations for dairy consumption 
would be similar to those previously identified for meat consumption 
(measured using the 4Ns of meat consumption, (Piazza et al., 2015)). 
This hypothesis was supported as the underlying structure of the dairy 
and meat versions of the 4Ns scale were similar and scores on each scale 
were strongly correlated. The data further showed that endorsement of 
meat and dairy as Nice showed the strongest associations with reported 
consumption of these products. Participants’ own explanations for why 
they do or do not consume these products further emphasized the strong 
hedonic role played by taste, as well as highlighting a role for health in 
food choices that was not immediately clear from the quantitative data 
alone. 

The hypotheses of Study 2 were that (i) the relationships between the 
dairy 4Ns and consumption detected in Study 1 would be replicated, (ii) 
dairy 4N endorsement would be stronger among infrequent than 
frequent consumers of PBMAs, and (iii) sensory expectations vary be-
tween cow’s milk and PBMAs. All three hypotheses were supported. 
Regarding hypotheses (i) and (ii), similar relationships between 4N 
subscale endorsement and reported dairy consumption were found in 
both studies, 4N endorsement was higher among infrequent PBMA 
users, and even predicted consumer group with good accuracy. For 
hypothesis (iii), variation in expected sensory characteristics across the 
two product categories was detected and implied which taste aspects are 
important for the consumption of dairy milk. Furthermore, exploratory 
analysis revealed that rationalization of dairy consumption can influ-
ence the expected sensory characteristics of cow’s milk and PBMAs. 
Resistance to trying plant-based alternatives to dairy among some con-
sumers may be promoted by an interaction between their cognitive 
rationalization of their current consumption and conceptualizations 
about the sensory profiles of these products. Our results indicate that 
increasing the uptake of plant-based alternatives to dairy among con-
sumers will likely be contingent on the continued social normalization of 
these products, in turn encouraging more people to try them, and also 
their ability to sensorially impress those who strongly rationalize dairy 
consumption upon initial tasting. 
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