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A B S T R A C T   

The protein transition is one of today’s major societal challenges to mitigate climate change. To support lasting 
consumer engagement, it has been suggested to look into consumers’ understanding of the protein transition to 
identify barriers that go beyond the practical issues of changing one’s diet. The current study explored con-
sumers’ mental models of how the transition unfolds to examine which factors consumers perceive as important 
drivers of the transition. With a fixed set of factors and actors identified with a questionnaire, Dutch consumers 
(N = 214) mapped their mental models. The content and structure of the mental models were analyzed with a 
focus on how consumers perceive their own role. Animal well-being and environmental concerns were most often 
included as important drivers. The findings showed a lack of consensus about which actor(s) drive the transition 
(i.e., none of the actors were included by a majority of the participants). This diffusion of responsibility may be a 
barrier for consumers to act. Moreover, the relative simplicity of the observed mental models suggests that 
consumers do not yet employ systems thinking. A systems thinking mindset may help consumers understand how 
the system behind the transition works and how their individual contributions matter. Two avenues to encourage 
consumer engagement were identified: 1) emphasizing the responsibility of different actors and what consumers 
can contribute, and 2) encouraging a systems thinking mindset.   

1. Introduction 

Climate change has become irreversible and a drastic decrease of 
greenhouse gas emissions is needed to prevent the earth from warming 
up even more (IPCC, 2022). Because the food system is responsible for a 
large part of these emissions, designing more sustainable diets is crucial 
(Clark et al., 2020). In Western diets, proteins are mainly obtained from 
meat or dairy consumption while these animal-based proteins have a 
much higher environmental impact than plant-based proteins (Poore & 
Nemecek, 2018). Therefore, the protein transition, the societal transition 
from a diet with mainly animal-based proteins to a “plant-rich diet” with 
a moderate amount of animal-based proteins or a “plant-based diet” 
with no animal-based proteins is important to mitigate climate change 
(Aiking & de Boer, 2020; Clark et al., 2020; Wynes & Nicholas, 2017). 

This transition requires the lasting engagement of consumers, 
meaning a lasting motivation to be involved in the transition resulting in 
a persistent reduction of meat and dairy intake (Goldberg, Gustafson, & 

Linden, 2020). Although many consumers appear to be open to the idea 
of reducing their meat consumption for environmental reasons, only a 
minority have actually changed their diets because of these concerns 
(Sanchez-Sabate & Sabaté, 2019). Various interventions, such as 
increasing knowledge or nudging, to promote pro-environmental 
choices and the reduction of meat consumption have been explored 
(Harguess, Crespo, & Hong, 2020). However, whether these in-
terventions are able to promote lasting engagement is unclear (Nisa, 
Bélanger, Schumpe, & Faller, 2019). 

To facilitate consumers’ engagement with the protein transition in 
the long run, it is important to consider the type of interventions which 
would be able to produce enduring changes in consumer behavior. In-
terventions targeting people’s understanding of the protein transition (e. 
g., the drivers and processes that instigate the protein transition) have 
been identified as a promising avenue (Goldberg et al., 2020). To help 
design such interventions, the current study explored consumers’ mental 
models of how the transition comes about. 
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1.1. Identifying barriers to consumer engagement in the protein transition 

To design interventions for lasting consumer engagement in the 
protein transition, it is important to identify barriers preventing the 
reduction of meat and dairy intake (c.f., Van Valkengoed, Abrahamse, & 
Steg, 2022). Previous research has shown important individual barriers 
to shift towards more plant-based diets, such as the need to learn how to 
cook new (plant-based) dishes, social norms and the (un)availability of 
alternatives (Graça, Godinho, & Truninger, 2019; Stoll-Kleemann & 
Schmidt, 2017). However, how consumers perceive the transition has 
received less attention, while this may be an important predictor of 
consumer engagement in the protein transition (Goldberg et al., 2020). 
For example, whether climate change is perceived as distal and abstract 
or rather proximal and concrete predicts consumers’ response and 
willingness to act (Maiella et al., 2020). Moreover, what is considered 
the most important cause of climate change, determines which solution 
is perceived suitable and, thus, which policy is supported (Bostrom et al., 
2012). 

Previous research observed various consumer perceptions likely 
affecting the willingness to engage in the protein transition. Some con-
sumer perceptions may hinder consumer engagement in the protein 
transition. For example, consumers often underestimate the impact of 
meat consumption on climate change (Hartmann & Siegrist, 2017; 
Sanchez-Sabate & Sabaté, 2019; Truelove & Parks, 2012). Moreover, 
reducing meat intake is often perceived as ineffective compared to other 
climate change mitigation strategies, such as saving energy and driving 
less (De Boer, de Witt, & Aiking, 2016). In contrast, the surge of the 
flexitarian diet (i.e., an identity which allows one to reduce one’s meat 
intake without fully committing to a vegetarian or vegan diet) illustrates 
how a different perception of diets may facilitate the protein transition 
(Stoll-Kleemann & Schmidt, 2017). Contributing to previous research, 
examining consumer perceptions of the drivers of the transition may 
help identify important facilitating or hindering perceptions. 

Moreover, little research has explored how consumers view their role 
in the protein transition. Recent research among European consumers 
showed that in North-Western Europe, a large part of the population 
(58%) believed consumers should contribute to improving the sustain-
ability of food systems, next to other actors such as producers (74%) and 
national governments (52%) (De Boer & Aiking, 2022). However, the 
feeling that individual behavior change cannot significantly contribute 
to mitigating climate change can demotivate sustainable behavior 
(Gifford, 2011). Although, consumers play an important role in the 
protein transition by creating demand and questioning established 
norms around meat consumption (Tziva, Negro, Kalfagianni, & Hekkert, 
2020), it is yet unclear how consumers themselves view their role. The 
current study aims to shed light on these knowledge gaps by mapping 
consumers’ mental models to enable the identification of barriers for 
consumers’ engagement in the protein transition. 

1.2. Mapping mental models 

While interacting with the world around them, people use their ex-
periences to create simplified representations of reality, so-called mental 
models (Craik, 1943; Jones, Ross, Lynam, Perez, & Leitch, 2011). Mental 
models allow people to understand what happens around them, antici-
pate what will happen next, and determine how to act. In this manner, 
mental models serve as frameworks for reasoning and decision-making 
(Biggs et al., 2011; Güss & Robinson, 2014) and are essential to un-
derstand how people respond to events or developments in the world. 
Mental models can vary across individuals as they are personal un-
derstandings of a particular issue or event and are not necessarily ac-
curate. Mental models affect what solutions are considered suitable and 
who is seen as responsible for resolving the issue (Nisbet, 2009). 

Various methods have been developed to map mental models (Jones 
et al., 2011). These methods aim to create a schematic visualization of 
the mental models called cognitive maps. These maps consist of the most 

relevant concepts in relation to a particular issue and the causal re-
lationships people perceive between the concepts (Kaplan & Kearney, 
1997; Özesmi & Özesmi, 2004). The maps can be distilled from ques-
tionnaires or interviews (i.e., indirect elicitation), or created directly by 
respondents themselves (i.e., direct elicitation; Jones et al., 2011). 
Direct elicitation has the advantage that it bypasses the researcher’s 
interpretation of the interview resulting in a more direct measurement 
of the respondent’s mental model. 

To create the cognitive maps, respondents first need to identify the 
most relevant concepts and, subsequently, arrange those to show the 
perceived causal relationships between the concepts. The identification 
of the relevant concepts can be done by each respondent individually (e. 
g. Kaplan & Kearney, 1997; Özesmi & Özesmi, 2004) or a fixed set can be 
created based on interviews, a survey or a literature review (Van den 
Broek, Luomba, van den Broek, & Fischer, 2021). Standardizing the set 
of concepts enables not only the aggregation of cognitive maps over 
multiple respondents, but also allows for the comparison of cognitive 
maps in different consumer groups. Examining differences between 
consumer groups can show whether consumer characteristics and/or 
behavior can be related to certain perceptions. 

Both the content and the structure of the cognitive maps provide 
insight into consumers’ mental models of the protein transition (Lang-
field-smith & Wirth, 1992; Moon et al., 2019; Van den Broek, Luomba, 
van den Broek, & Fischer, 2023). The content, i.e., the concepts and 
connections present in the cognitive map, shows which concepts and 
processes are deemed relevant. The structure of a cognitive map, i.e., the 
number of concepts and connections present in the cognitive map, re-
veals the level of complexity of consumers’ conceptualization of the 
issue and the processes involved. The structure therefore indicates the 
degree to which consumers engage in systems thinking. Systems 
thinking is a way of thinking which focuses on the bigger picture and 
acknowledges how all elements within a system are constantly changing 
and interacting (Randle & Stroink, 2018). It may help to understand that 
cause and effect are not always straightforward and how an event can 
have indirect consequences in the system (Goldberg et al., 2020; Lezak & 
Thibodeau, 2016). 

1.3. The current research 

What consumers consider important drivers of the transition (e.g., 
environmental concerns or a new marketing opportunity) and what role 
consumers see for themselves (e.g., an important role or negligible) may 
determine whether consumers think it is a transition worth engaging in. 
To contribute to research on consumer perceptions and inform in-
terventions facilitating consumer engagement in the protein transition, 
the current study explored consumers’ mental models of the societal 
movement towards more plant-based diets (the protein transition) and 
identified avenues to encourage consumer engagement with the protein 
transition. We created a fixed set of relevant concepts consisting of 
factors and actors driving the protein transition, which participants used 
to create a cognitive map of their mental model using the M-Tool app 
(Van den Broek, Klein, Luomba, & Fischer, 2021; Van den Broek, 
Luomba, et al., 2021). 

Moreover, we explored between-person differences in the mental 
models by comparing mental models between participants in different 
stages of behavior change (DiClemente & Prochaska, 1998). Stages of 
behavior change reflect individuals’ positions in a behavior change 
process, ranging from not considering changing one’s behavior to 
already having automated the new behavior (Norcross, Krebs, & Pro-
chaska, 2011). Individuals who are further in their own behavior change 
process (i.e., have already made an individual-level change from an 
animal-based to a plant-based diet) may have a different perspective on 
the societal transition than those who do not consider changing at all. 
However, to what extent or in what way their perspectives (i.e., mental 
models) differ, has not yet been explored. Most research on behavior 
change stages has focused on their relation with (perceptions of) 
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individual behavior and not with the higher order level of societal 
transitions. Hence, we conducted exploratory analyses to test whether 
individuals’ stage of behavior change is associated with their under-
standing of the protein transition. 

2. Materials and methods 

2.1. Ethical statement 

The study was approved by the Ethics Committee of the Faculty of 
Social and Behavioral Sciences of Utrecht University (reference number: 
20-567). 

2.2. Participants 

Participants were recruited by a research agency (Flycatcher.eu) that 
invited a representative sample (N = 1117) from their Dutch consumer 
panel (>18 years old) to participate in an online study. The link to the 
study was clicked on by 712 potential participants, with 223 individuals 
completing the task. The demographic characteristics of the group who 
completed the study did not differ from the demographic characteristics 
of the invited group. The non-response and the drop-out appeared to be 
random in terms of demographic characteristics and may be due to the 
unconventional method of the study which needed the participants to 
use a tablet or computer and listen to audio instructions. The data of nine 
participants were excluded from the analysis due to missing data. The 
final sample consisted of 214 participants (53.7% men, 45.8% women 
and 0.5% non-binary) between 18 and 84 years old (M = 45.97, SD =
17.31) with various educational backgrounds (10% low education level, 
40% secondary education level and 50% higher education level; cate-
gorization according to standards of Statistics Netherlands). 

2.3. Procedure and materials 

Participants created a cognitive map in M-Tool, a validated online 
tool in which participants can select and arrange icons of relevant 
concepts to map their mental model (Van den Broek, Klein, Luomba, & 
Fischer, 2021; Van den Broek, Luomba, et al., 2021). 

2.2.1. Set of concepts 
In M-Tool, a fixed set of concepts of relevant factors and actors was 

provided with which the participants could create their own mental 
model. To create this fixed set of concepts, a pilot study was conducted 
to elicit the most important factors and actors in the protein transition. 
In two subsequent convenience samples of Dutch consumers (Samples 
1a and 1b), relevant concepts to the protein transition were elicited by 
means of an online survey. After an introduction referring to the 
growing interest in reducing meat consumption in the Netherlands, 
participants answered two open-ended questions: 1) What drivers 
prompt the growing interest in consuming less meat? (factors), and 2) 
Who do you think is responsible for this trend? (actors). In Sample 1a (N 
= 111), participants’ responses were coded to establish a set of common 
concepts (i.e., a bottom-up approach). With Sample 1b (N = 115), we 
verified the lists of concepts and examined whether data saturation had 
been reached or additional concepts needed to be added to the set. A 
more detailed description of the development of the set of concepts can 
be found in the supplementary materials. 

The most frequently mentioned factors and actors were selected for 
the fixed set of concepts to create the cognitive maps in the second phase 
of the study. The set consisted of 17 concepts: that is, six factors (Envi-
ronmental concerns, Animal well-being concerns, Health concerns, Avail-
ability of alternatives, Current trend and Available information) and 11 
actors (Political parties, Food producers, Societal organizations, Media, 
Supermarkets, Social groups, Consumers, Influencers, Government, Protest 
groups, and Social environment). For each of the 17 concepts an icon and a 
definition were developed based on participants’ descriptions of the 

concepts (see Table 1). The icons and definitions were pretested with a 
convenience sample of six participants to ensure the comprehensibility 
of the materials. 

2.3.2. Creating the cognitive maps 
To get familiar with M-Tool and creating a cognitive map, partici-

pants replicated an example map of the processes leading to happiness. 
Subsequently, participants were asked to create a cognitive map of the 
protein transition. Because the ‘protein transition’ is a rather abstract 
concept, a more concrete and familiar operationalization was used: the 
interest in reducing meat intake or meat replacement in the Netherlands. 
To create the cognitive map, participants could select concepts from the 
fixed set of concepts. Before starting the mapping task, all concepts were 
presented to the participants with their icon, label and audio definition. 

Next, participants were shown the mapping screen in M-Tool (see 
Fig. 1). They were instructed to select the concepts they considered 
relevant and connect them with arrows to indicate how the concepts 
influence each other and the target variable. With three types of arrows 
participants could indicate whether a concept has a weak, moderate or 
strong influence on another concept. The M-Tool registered for each 
participant the connections drawn and the weight assigned to them, 1 =
weak influence, 2 = moderate influence, 3 = strong influence. This data 
was used to determine whether a concept was selected (1 = yes, 0 = no). 
The task in M-Tool was pretested with a convenience sample of five 
participants to assess the usability of the tool. Based on this test, in-
structions were revised to better guide participants through the task. 
Participants took on average about 5 minutes to create their cognitive 
map (M = 4.76, SD = 3.89). 

2.3.3. Additional measures 
After completing the mapping task, a short survey assessed partici-

pants’ attitude towards the protein transition, as well as their expectations 
for the future. To assess attitudes, participants indicated whether they 
considered the interest in reducing meat consumption to be good or bad 
(1 = very bad, 6 = very good) and reported their expectations of this trend 
by answering two questions: “To what extent do you think reducing 
meat intake will become more common in the Netherlands in the next 
five years?” and “To what extent do you think the interest in reducing 
less meat will grow in the Netherlands in the next five years?” (1 = not 
likely, 6 = very likely; Sparkman & Walton, 2017). 

Participants also indicated what stage of change best represented 
their current position towards reducing meat intake (1 = not considering 
reducing meat intake, 2 = considering reducing meat intake, 3 = having the 
intention to reduce meat intake, 4 = consciously reducing meat intake, 5 =
reducing meat intake is a habit; based on Weibel, Ohnmacht, Schaffner, & 
Kossmann, 2019). They further reported the frequency of their meat 
intake at lunch and dinner in the past week and whether they would 
identify themselves as a meat-eater, flexitarian, vegetarian or vegan. To 
avoid the strict categories and commit participants to one identity, we 
provided a continuous scale from 0 (meat-eater) to 100 (vegan) with the 
labels flexitarian and vegetarian in between presented at 25% and 75% 
of the slider. Participants could indicate what position on the slider best 
represented themselves. Lastly, demographic information was collected 
including age, gender, educational level and living situation (i.e., living 
alone, living together with a partner and/or children). 

2.4. Data analysis 

2.4.1. Analyzing the cognitive maps 
To analyze the cognitive maps, a network analysis approach was 

used (e.g., Newman, 2010). We used the nodes (the concepts) and edges 
(the connections) in the cognitive map to calculate the outcome vari-
ables. Our main variables of interest were the concepts included in the 
cognitive maps and their centrality (i.e., the content), and the 
complexity of the cognitive maps (i.e., the structure). 
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Table 1 
The 17 concepts participants could use to create the map of their mental model. Factors are indicated by a blue 
border, actors by a yellow border (this distinction between factors and actors was not presented to participants). 
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2.4.2. Content 
To examine which concepts and connections are considered relevant 

in the protein transition, the percentages with which each concept and 
connection was mentioned in the sample were calculated and an 
aggregated cognitive map was computed. The centrality of the concepts 
was reflected in the number of connections a concept has with other 
concepts (in-/out degrees) and the weight assigned to those connections 
(weighted in-/out degrees), indicating to what extent the concept was 
connected to other concepts in the model and able to receive or exert 
influence (see Opsahl, Agneessens, & Skvoretz, 2010). Centrality based 
on degrees was determined by the sum of the number of connections 
going in and out. Centrality based on strength was determined by the 
sum of weights assigned to connections going in and out. 

2.4.3. Structure 
Complexity of the cognitive maps was indicated by the number of 

concepts and connections included and the proportion of direct versus 
indirect connections to the outcome (i.e., protein transition). A high 
proportion of direct connections would indicate a more simple model of 
the protein transition, whereas a high proportion of indirect connections 
indicates that participants hold more complex models. 

2.4.4. Examining differences between behavior change stages 
To assess whether mental models of the protein transition differed 

between consumers who were in different stages of behavior change, 
three regressions examined the differences in three outcome variables: 
1) the selection of concepts, 2) the centrality of concepts based on de-
grees, and 3) the centrality of concepts based on strength. All three re-
gressions included stage of behavior change, concept number and their 
interaction as predictors. Because each outcome variable was calculated 
for each concept and participants included multiple concepts in their 
cognitive map, there were multiple observations per participant and a 
random subject effect was included in the regressions. 

First, the logistic regression with the selection of the concepts (yes/ 
no for each concept) as outcome variable was run. A main effect of 
concept number would indicate that concepts differ in the frequency 
with which they were included in the cognitive maps. A main effect of 
stage of behavior change would indicate that stage of behavior change 
affects the number of concepts included. An interaction would indicate 
that the stage of behavior change affects which concepts are included. 
The second and third Poisson regression with the outcome variables 
concepts’ centrality based on degrees and centrality based on strength, 
examined whether consumers in different stages of behavior change 
evaluate the importance of concepts differently, which would be indi-
cated by the interaction between stage of behavior change and concept 
number. 

3. Results 

3.1. Descriptives 

3.1.1. Attitude and expectations 
Participants were rather positive about the general interest in 

reducing meat consumption and replacing meat (M = 4.80, SD = 1.20). 
Moreover, they considered it likely that reducing one’s meat intake 

would become more common in the Netherlands in the next five years 
(M = 4.72, SD = 1.03) and that the interest in reducing meat con-
sumption would grow (M = 4.77, SD = 0.93). 

3.1.2. Stages of behavior change 
A total of 29% of the participants did not actively reduce their meat 

intake and had no intention of doing so in the near future, 8% indicated 
considering reducing their meat consumption, 6% had the intention to 
do so, 30% was already engaging in reducing their meat consumption, 
and for 27% it was already a habit. Because only a few respondents 
reported considering reducing their meat intake (n = 18) or the inten-
tion to reduce their meat intake (n = 12), those groups were combined to 
allow for group comparisons (see Table 2 for the descriptives per stage of 
behavior change). 

3.1.3. Diet identification 
Identification as a meat-eater, flexitarian, vegetarian or vegan was 

assessed on a continuous scale. However, the distribution of this variable 
peaked at the different labels, which indicated participants often placed 
themselves on or near a specific label rather than in between specific 
diet identities. Dividing the continuous scale into categories showed that 
55% identified as meat-eater, 32% as flexitarian, 9% as vegetarian and 
4% as vegans. This distribution of the diets is comparable to previous 
observations in a large Dutch sample with a small underrepresentation 
of flexitarians and a small overrepresentation of vegetarians and vegans 
(Statistics Netherlands, 2021). 

3.1.4. Meat intake 
On average, participants reported eating meat for dinner four times 

in the past week (M = 3.98, SD = 2.24) and two times for lunch (M =
2.35, SD = 2.52). 

4. Results mental models 

4.1. Content 

An aggregated cognitive map of the sample was created by calcu-
lating the sum of weights for all the connections drawn (see Fig. 2). This 
cognitive map shows the concepts included and the most important 
connections between the concepts perceived by participants (i.e., con-
nections frequently mentioned or assigned a high weight). 

The most frequently included concepts were Animal well-being con-
cerns, Environmental concerns, and the Availability of alternatives for meat 
(included by respectively 86%, 83%, and 69% of the sample). Notably, 
the most frequently included concepts were factors rather than actors 
involved in the protein transition (see Table 3). The most frequently 
included actors were the Supermarket, Media and Social environment 
(included by respectively 49%, 48%, 44%). Participants less often 
included the Government, Societal organizations, and Political parties as 
relevant concepts in their mental models (respectively 30%, 27%, 22%). 

The most central concepts based on their in-/out degrees (i.e., the 
number of connections with other concepts) and in-/out strength (i.e., 
the sum of weights of the connections) were the Consumers, Government, 
and Available information (see Table 3 and Table 4). This means those 
concepts are perceived as important concepts in the system as they are 

Fig. 1. Mental model mapping in M-Tool: (A) presentation of concepts, (B) mapping screen, and (C) example of a cognitive map.  
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able to influence other concepts through many and impactful 
connections. 

The most frequently included connections were the direct connec-
tions between the most frequently included concepts (Animal well-being 
concerns, Environmental concerns and the Availability of alternatives) and 
the protein transition. 

4.2. Structure 

In creating the cognitive maps, participants included on average 
eight concepts (M = 7.89, SD = 4.15) and about nine connections (M =
8.80, SD = 5.39). On average, each concept had one connection with 
another concept (M = 1.09, SD = 0.21). The average proportion of direct 
connections in the cognitive map was 59% (M = 0.59, SD = 0.33). This 
means that from all the connections participants made, more than half 
indicated a direct influence of a concept on the protein transition. Over a 
third of participants (37%) included only direct influences in their 
cognitive map. These results indicate that there was a rather strong focus 

Table 2 
Descriptives for each of the behavior change stages.  

Behavior Change Stage n Age Mean 
(SD) 

Gender Education Diet Meat intake at dinner Mean 
(SD) 

Attitude Mean 
(SD) 

Not considering reducing meat intake 63 45.19 (14.93) 27% 
Female 

14% low 97% meat eater 6.06 (1.18) 3.64 (1.17) 

73% Male 38% 
secondary 

3% flexitarian  

48% high  
Considering/Intention to reduce meat 

intake 
30 48.87 (20.96) 33% 

Female 
7% low 87% meat eater 5.40 (1.07) 4.80 (0.76) 

67% Male 63% 
secondary 

13% flexitarian  

30% high  
Consciously reducing meat intake 64 45.97 (16.97) 59% 

Female 
9% low 39% meat eater 3.47 (1.23) 5.30 (0.79) 

40% Male 39% 
secondary 

59% flexitarian  

52% high 2% vegetarian 
Reducing meat intake is a habit 57 45.30 (18.33) 58% 

Female 
7% low 10% meat eater 1.51 (1.64) 5.53 (0.78) 

40% Male 32% 
secondary 

44% flexitarian  

61% high 32% 
vegetarian   
14% vegan  

Fig. 2. Aggregated mental model of the sample (N = 214). The arrows show the 
connections made (with a sum of weight >20). The width of the arrow indicates 
the sum of the weight assigned to the connections. Factors are indicated by a 
blue border, actors by a yellow border. 

Table 3 
Per concept the percentage of participants (N = 214) who included each concept 
in their cognitive map, its mean centrality based on the number of connections 
(degrees) and its mean centrality based on the sum of weights of those con-
nections (strength).  

Concepts – factors and 
actors 

% of 
participants 

Centrality – 
Degrees 

Centrality – 
Strength 

Animal well-being 
concerns 

86 1.70 3.78 

Environmental 
concerns 

83 1.75 3.97 

Availability of 
alternatives 

69 1.90 3.80 

Health concerns 63 1.74 3.84 
Current trend 50 2.13 4.20 
Supermarket 49 1.98 4.06 
Media 48 1.74 3.18 
Social environment 44 1.73 3.41 
Influencers 41 1.55 2.85 
Food producers 39 1.87 3.71 
Consumers 38 3.01 5.73 
Available information 37 2.42 4.37 
Protest groups 36 1.54 2.89 
Government 30 2.52 4.52 
Social groups 29 1.60 2.86 
Societal organizations 27 1.53 2.75 
Political parties 22 1.84 3.25  

Table 4 
Most frequently included connections (top 10) with the percentage of partici-
pants (N = 214) who included the connection in the cognitive map and their 
mean weight.  

Connection % of participants Mean weight 

Animal well-being concerns – Protein transition 56 2.48 
Environmental concerns – Protein transition 52 2.73 
Availability of alternatives – Protein transition 46 1.93 
Health concerns – Protein transition 44 2.43 
Social environment – Protein transition 25 2.00 
Current trend – Protein transition 24 1.94 
Supermarket – Protein transition 20 1.95 
Media – Protein transition 19 1.78 
Consumers – Protein transition 17 2.11 
Government – Protein transition 15 1.85  
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on the direct influences of various concepts on the protein transition and 
less so on how the concepts in the system influence each other. 

4.3. Differences between stages of behavior change 

The logistic regression testing the effect of stage of behavior change 
on the selection of concepts, showed a significant interaction effect be-
tween concept number and stage of behavior change (χ2 (48, 214) =
877.09, p < .001), indicating that participants’ stage of behavior change 
affected which concepts they included in their cognitive maps (regres-
sion estimates can be found in the supplementary materials). The dif-
ferences were mainly visible in the frequency with which the concepts 
Current trend, Available information, Influencers, Social groups and Protest 
groups were selected (see Fig. 3). For example, participants who did not 
consider reducing their meat intake appeared to include actors such as 
Protest groups, Social groups and Influencers more often, suggesting they 
assign more importance to these actors in the transition compared to 
participants in the other stages of behavior change. Participants who 
were considering reducing their meat intake or had the intention to do 
so, tended to include social drivers, such as Current trend, Supermarket, 
Influencers and Protest groups, relatively less often. Participants who 
consciously reduced their meat intake and participants for whom it was 
already a habit included Available information relatively often. These 
results suggest the perceived drivers of the protein transition differ per 
stage of behavior change. 

Because we observed a significant interaction effect between concept 
number and stage of behavior change, we were unable to interpret the 
main effect of stage of behavior change on the number of concepts 
selected. To examine whether the number of concepts included in the 
maps differed between the stages of behavior change, an additional lo-
gistic regression was performed with the selection of concepts as 
outcome variable, stage of behavior change and concept as predictors, 
excluding the significant interaction term. This analysis showed a main 
effect of stage of behavior change on concept selection (χ2 (3, 214) =
8.10, p = .044). Participants who indicated that reducing their meat 
consumption was already a habit, included more concepts in their 
cognitive maps than participants who were not considering reducing 
their meat intake (Log OR = 1.00, p = .005), suggesting that this first 
group created more complex cognitive maps than the latter group. The 
mean odds for selecting a concept was 2.71 (profile log-likelihood CI OR 
= 1.36, 5.41) times higher for participants for whom it was a habit 
compared to participants who did not consider reducing their meat 
intake. 

The regression analysis examining group differences in the centrality 

of the concepts based on the degrees, showed a significant interaction 
between concept number and stage of behavior change (χ2 (48, 214) =
304.84, p < .001), even as the regression examining group differences in 
centrality of the concepts based on strength (χ2 (48, 214) = 606.76, p <
.001) These results indicate that stage of behavior change affected the 
perceived importance of concepts in the cognitive maps, indicated by 
their centrality based on degrees (i.e., the number of connections with 
other concepts) and centrality based on strength (i.e., the sum of weights 
of the connections). The differences between the stages of behavior 
change were mainly visible in variation in the centrality based on de-
grees of Government and Available information (see Fig. 4). In addition, 
variation was observed in the centrality based on the strength of the 
concepts Current Trend, Food producers, Government, Available informa-
tion, Health concerns and Animal well-being concerns (see Fig. 5). 

For participants who did not consider reducing their meat intake 
Current trend, Food producers, and Government were central in their 
cognitive maps, as indicated by the centrality based on degrees and 
strength, suggesting this group perceived those concepts as drivers and 
actors with much influence on other concepts in the system. For par-
ticipants who considered reducing their meat intake or had the intention 
to do so, central concepts were Health concerns and Animal well-being 
concerns as indicated by their centrality based on strength. Noticeable 
in the cognitive maps of participants for whom it was already a habit, 
was the relative high centrality based on degrees and strength of 
Available information. 

5. Discussion 

The protein transition can significantly contribute to mitigating 
climate change. To facilitate this transition, consumer engagement is 
crucial. In line with previous research, we observed a positive attitude 
towards the trend of reducing meat intake in the Netherlands (Dagevos 
& Verbeke, 2022; ProVeg, 2022). Despite of this positive attitude, 
however, there is still little change in behavior. To know how consumer 
engagement with the protein transition and associated behavior change 
can be promoted, the current study explored consumers’ perceptions of 
the transition. 

The current research yields three main insights based on an exami-
nation of consumers’ mental models. First, concerns about animal well- 
being, concerns about the environment, and the availability of alterna-
tives were most often present in the mental models as important factors 
driving the protein transition. In contrast, there appears to be less 
agreement on the important actors driving the transition, as a large 
variety of actors were present in the mental models. Second, the average 

Fig. 3. The mean frequency with which the concepts were included in the cognitive map for each stage of behavior change. The radar plot shows standard-
ized values. 
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mental model of the protein transition showed relatively few connec-
tions between included concepts, suggesting that the interaction be-
tween the various factors and actors in the food system may not be 
evident to consumers. Lastly, consumer groups in different stages of 
behavior change differed somewhat in the concepts deemed relevant. 
For example, people not considering reducing their meat intake more 
often perceived influencers, social groups, and protest groups as 
important actors. For people who were already familiar with reducing 
meat intake the availability of information was more central in their 
mental models. 

The current findings reveal a prominent link between concerns about 
the environment and animal well-being and the protein transition in the 
consumers’ mental models. Those concerns were considered important 
drivers by over 80% of the participants. Environmental and animal well- 
being concerns have previously been identified as predictors of a vege-
tarian diet (De Backer & Hudders, 2014). However, nowadays envi-
ronmental concerns may also motivate larger groups of consumers to 
engage with the protein transition (Sanchez-Sabate & Sabaté, 2019). 
Also the perceived importance of availability of alternatives for the 
protein transition observed in the current research is in line with pre-
vious research stressing the importance of availability of alternatives to 
stimulate meat intake reduction (Kemper, 2020). 

It is noteworthy that the link between actors and the protein tran-
sition was less pronounced in the mental models. The observation that 

no single actor was selected by a majority of the participants may sug-
gest a lack of agreement on who plays an important role in the transi-
tion. Moreover, various actors were present in the mental models and 
not one actor stood out as the prominent actor, implying a possible 
diffusion of responsibility to act in the protein transition (Bandura, 2007). 
This is in line with other research showing that multiple actors are 
recognized in the transition towards a more sustainable food system (De 
Boer & Aiking, 2022). Because responsibility is shared, it may be unclear 
who is supposed to act at this moment. 

Interestingly, consumers themselves were not often present as rele-
vant actors in the mental models. For only 38% of the participants, 
consumers were part of their mental model of the protein transition. 
Notably, participants who did perceive consumers as a relevant actor, 
constructed their role to be quite influential, meaning the actor was 
connected to many other concepts in the mental model and was 
receiving and exerting influence. This suggests that few consumers 
recognize their important role in the transition. However, when recog-
nized as an important actor (i.e., included in the mental model), the 
consumer is seen as quite influential in the system. Viewing oneself or 
the group one belongs to as an important actor in the protein transition 
and being able to meaningfully contribute may be important conditions 
to engage with the transition (De Boer & Aiking, 2022). Previous 
research shows that low response efficacy (i.e., the idea that individual 
contributions are insignificant) and low perceived responsibility are 

Fig. 4. The mean centrality of each concept based on degrees for each stage of behavior change. The radar plot shows standardized values.  

Fig. 5. The mean centrality based on strength for each stage of behavior change. The radar plot shows standardized values.  
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important barriers to engagement in sustainability transitions (Graça 
et al., 2019; Kothe et al., 2019). The current results suggest that these 
factors may need to be addressed to increase consumer engagement in 
the protein transition. 

The current study thus indicates that consumers’ mental models 
mainly consist of factors and, to a lesser extent, of actors directly 
influencing the protein transition. How the factors and actors interact 
and which processes lead to the protein transition, was not a prominent 
part of the mental models. When considering the protein transition, 
consumers appear to only slightly employ systems thinking, i.e., they are 
focusing on the separate relevant concepts rather than on the in-
teractions and adopting a more holistic systemic view (Randle & Stroink, 
2018). Understanding how elements in a system are related and influ-
ence each other may be important to understand how consumer 
behavior can have consequences at a larger scale (Davis & Stroink, 2015; 
Goldberg et al., 2020; Lezak & Thibodeau, 2016). 

The examination of the different consumer groups revealed that 
mental models are affected by the extent to which one engages with the 
protein transition (as indicated by their stage of behavior change). Some 
issues are noteworthy in this regard. First, the groups appeared to 
consider different concepts relevant to the protein transition. For 
example, people who did not consider reducing their meat intake were 
more likely to perceive social groups and protest groups as relevant 
actors, indicating they may consider the transition to be driven by 
groups who oppose to the status quo. Second, the importance of the 
concepts was evaluated differently across the different stages of 
behavior change. For example, available information related to meat 
consumption (e.g., how meat is produced or the consequences of con-
sumption for health or the environment) was not considered equally 
important in the different groups (as indicated by the centrality mea-
sures). Finally, the complexity of the mental models differed between 
groups. Consumers for whom it was a habit to reduce their meat intake 
included more concepts in their cognitive maps resulting in more com-
plex mental models. This may suggest that they engage in more cogni-
tive elaboration on the protein transition or reasons to reduce meat 
consumption. Further research is needed to understand the reasons for 
the observed differences and investigate whether the different mental 
models may be a cause or a consequence of behavior change. 

5.1. Promising avenues to facilitate consumer engagement 

The mapped mental models are not set in stone; they can change 
through new experiences and learning (Jones et al., 2011; Nersessian, 
2002). Promoting mental models facilitative for the protein transition 
and addressing hindering models can have long-term effects influencing 
various behaviors, making this a promising approach for accelerating 
the protein transition (Goldberg et al., 2020). Based on the current 
findings, two promising avenues to facilitate consumer engagement with 
the protein transition can be identified. 

First, addressing the diffusion of responsibility and emphasizing 
what role consumers can play, may motivate consumers to engage with 
this transition. To facilitate the protein transition and mitigate climate 
change, changes are needed on the consumer side, as well as elsewhere 
in the system (Rust et al., 2020). Consumer behavior is part of a larger 
system (e.g., Poore & Nemecek, 2018) and consumers expect other ac-
tors in the system, such as the government, to act as well (Dubois et al., 
2019). Highlighting a shared responsibility, how various actors in the 
protein transition, such as organizations, producers and government, are 
working towards the common goal of reducing the environmental 
impact of the food system, and the meaningful contribution consumers 
can make, may motivate consumer engagement (Camilleri & Larrick, 
2019; Obradovich & Guenther, 2016; Van Zomeren, Saguy, & Schell-
haas, 2013). 

The second avenue to facilitate consumer engagement with the 
protein transition is addressing the relatively simple representation of 
the protein transition by stimulating a systems thinking mindset. A 

systems thinking mindset is recognized as a potential means to promote 
pro-environmental behaviors both in the short-term (e.g., Thibodeau, 
Winneg, Frantz, & Flusberg, 2016) and in the long-term as it may help 
consumers to see how their behavior relate to the bigger picture and can 
have a ripple effect in the system (Goldberg et al., 2020; Lezak & Thi-
bodeau, 2016). Understanding how individual sustainable behavior can 
be amplified and have consequences beyond the immediate gain for the 
environment may be difficult (Hornsey, Chapman, & Oelrichs, 2021). 
Systemic metaphors or games that emphasize interconnectedness within 
a system may help grasp the idea that opting for plant-based can have an 
impact on food producers or inspire others so the positive impact on the 
environment can be increased (Sweeney, Meadows, & Mehers, 2010; 
Thibodeau et al., 2016). 

5.2. Strengths and limitations 

Mapping mental models of the protein transition enabled us to 
capture a comprehensive map of consumers’ understanding of the 
transition, which provides many leads for further investigation. Future 
research may explore specific relationships observed to gain more 
insight into consumer engagement in the protein transition (e.g., Can the 
perception of a trend as an important driver be motivating or rather 
alienating?) or the differences between the stages of behavior change (e. 
g., Why are different drivers considered important and do the differ-
ences predict or follow behavior?). Moreover, future researchers can test 
the effectiveness of interventions based on the avenues suggested here. 

A limitation of the current research is that participants created 
cognitive maps of the interest in reducing meat intake, while the protein 
transition would involve the reduction of dairy intake as well. The 
mental models of the interest in reducing dairy intake may be different 
from the mental models observed in the current research, as people may 
think differently about meat and dairy. Research shows that consump-
tion of plant-based dairy alternatives can be motivated by similar con-
cerns as plant-based meat alternatives, including concerns about health, 
the environment and animal well-being (Haas, Schnepps, Pichler, & 
Meixner, 2019). However, research also suggests that perceptions of 
meat and dairy are not necessarily related. For example, people who 
limit their meat intake to two times a week, appreciate meat products 
less, but cheese, as a dairy product, more (Dagevos & Voordouw, 2013). 
Future research may look at potential differences between meat reduc-
tion and dairy reduction mental models. 

Another limitation pertains to the representativeness of the sample. 
Although there was considerable variety in education levels in the pre-
liminary phase identifying the relevant concepts as well as among the 
participants who created the mental models, there was an over-
representation of highly educated consumers. Previous research in-
dicates that mental models regarding the protein transition may differ 
between various education levels. Research suggests that education 
level is associated with the degree to which reducing meat intake is 
perceived as valuable in addressing environmental concerns (Siegrist, 
Visschers, & Hartmann, 2015). Therefore, environmental concerns may 
be more prominent among this sample which may have affected the 
mental models. Moreover, research eliciting mental models suggests 
that a higher education level is associated with higher complexity of the 
mental models (Van den Broek, Luomba, et al., 2021). Future research is 
needed to examine whether or how mental models exactly vary over 
different education levels. 

Lastly, as only a few studies have used similar regression analyses to 
explore between-person differences in mental models, limited informa-
tion was available on effect sizes to conduct power calculations. Mental 
model studies typically employ small sample sizes (Özesmi & Özesmi, 
2004). M-Tool allowed us to collect a relatively large sample and 
enabled the comparison of mental models between groups of partici-
pants. Yet few studies have used this method and similar analyses to 
explore between-person differences in mental models (De Ridder, van 
den Boom, Kroese, Moors, & van den Broek, 2022; Van den Broek et al., 
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2023). As the method and analyses will become more frequently used, a 
better estimation of expected differences in mental models and proper 
power calculation may be possible. 

5.3. Conclusion 

In consumers’ mental models, the protein transition is clearly linked 
to concerns about animal well-being and the environment. However, 
which actor is driving the protein transition appears to be less evident 
and consumers are not often assigned a role. Moreover, our examination 
suggested that consumers may not employ systems thinking (yet) 
regarding to the protein transition. Therefore, we identified two prom-
ising ways to encourage consumer engagement with the protein tran-
sition: 1) emphasizing the responsibility of actors and what consumers 
can contribute, and 2) encouraging a systems thinking mindset. The 
examination of mental models generated insights into consumers’ per-
spectives of the protein transition that can inspire future research and 
help find ways to facilitate the protein transition. 
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