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Executive summary 
 

Background: 
The complex food system includes interrelated factors and processes, which jointly explain consumers’ food 
choices. Among others, these factors may include governance mechanisms (e.g., policy instruments), actions 
and beliefs of food system stakeholders (e.g. food producers and processors, retailers, policy makers, 
consumers), major events (e.g., the COVID-19 pandemic), and other micro, meso, and macro-level 
determinants (e.g., economic factors such as family income, production costs, and the economic situation in 
a country), which operate in the complex food system and, in consequence, contribute to the consumption of 
food in Europe. 

D.1.3 provides a review of evidence and presents findings of the system mapping study, analyzing the 
food system factors and associations between these factors, which jointly explain consumers’ choices of 
alternative protein food (APF) in 13 European countries. In particular, the study aimed at eliciting so-called 
leverage points in the food systems, that is the determinants best connected with other well-connected 
determinants. 
Methods: 
Food system stakeholders (n = 166), including food producers, food processors, consumer representatives, 
from 13 European countries (Austria, Czech Republic, Denmark, France, Germany, Greece, Italy, Norway, 
Poland, Portugal, Slovenia, Spain, and Türkiye), developed 17 systems maps (5 maps for Poland, 1 map per 
remaining 12 countries). The maps were developed during systems mapping workshops, using STICKE 
software and a standardized workshop protocol. Eigenvector centrality indices were calculated to identify the 
leverage points. Post-workshop survey data were collected to identify the micro-, meso- and macro-level 
factors that are perceived as the most important determinants of APF intake by consumers. 
Results: 
The analyses of the leverage points showed that several leverage points were consistently included across 6-
8 maps. They are: 

- Formal and experiential knowledge about APF and efforts to educate consumers; 
- Social encouragement of APF intake and social norms indicating approval and popularity of APF 

among people important to a consumer (e.g., a family member); 
- Advertising, promotion, and influencers’ actions (other than education; delivered by organizations, 

and institutions). 
Additionally, 3-4 maps included leverage points, referring to: (1) regulations and perception of APF as a 

healthy, balanced, and safe product; (2) fear of novelty or curiosity; (3) food culture in the respective country; 
(4) perceiving APF as ultra-processed food; (5) environmental and sustainability issues, and (6) animal welfare 
or ethics. 

Post-workshop survey results additionally highlighted the importance of economic factors, such as cost 
of living and disposable income, as well as prices of APF as determinants rated most important for consumers’ 
choices of APF. In the context of a broader uptake of APF, the stakeholders participating to the workshops 
agreed that the consumers may be the most important stakeholders in the food system. 
Conclusions: 
This study offers new insights into the complex systems of the determinants of APF choices. Seventeen 
systems maps highlight the role of individual-level consumers’ characteristics, social and economic factors, as 
well as APF education and advertising policies and actions. A change in these determinants may trigger a 
reverberating effect occurring throughout the system. Therefore, identified leverage points are potentially the 
best targets of interventions promoting APF.
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1. Introduction 
 

The term “food system” has been gaining popularity in the last two decades and has been applied to 
describe a broad environment and processes encompassing food production retail, and consumer choices, 
as well as the causes and consequences of such choices at a local and global scale (Diaz-Mendez, Lozano-
Cabedo, 2020). Although a broadly acknowledged definition of the food system is lacking, the existing 
approaches share an understanding of the crucial characteristics of the food system (c.f. Gregory et al., 2005; 
Ericksen, 2008; Ingram, 2011; Rotz & Fraser, 2015; Tendall et al., 2015). In particular, the literature is consistent 
in acknowledging the assumptions that as a system, food should be studied holistically, that is, by capturing 
multiple determinants associated with activities such as food production, processing, packaging, 
distribution, sales, consumption, etc. (c.f. Gregory et al. 2005; Ericksen, 2008; Ingram, 2011; Rotz & Fraser, 
2015; Tendall et al. 2015). The determinants are chained together to form complex processes, which in turn 
have multilevel dimensions, including individual, organizational, or institutional, and higher societal/ 
national levels (Tendall et al., 2015). The determinants also describe the physical, social, economic, and 
political environments that regulate how food system activities (e.g., food consumption) are performed 
(Tendall et al., 2015).  

 

1.1 Food system stakeholders and the interlinks between their actions 
 
The food system stakeholders, including food production and processing industry, retailers, policy 

makers, consumers, researchers, etc., contribute to the current status of the food system. Based on existing 
evidence it is impossible to specify which of the food system stakeholders may be the most important in 
shaping the system, maintaining its status quo, or shifting it towards/away from alternative protein. 
According to the complex system approach models applied to food systems (c.f. Gregory et al. 2005; Ericksen, 
2008; Ingram, 2011; Rotz & Fraser, 2015; Tendall et al. 2015), a change initiated by one system actor may cause 
changes reverberating throughout the system, mobilizing a response of all other system actors.  

The existing literature provides several examples of activities of food system actors that have 
contributed to major shifts in the food system, resulting in an increase of the availability and purchase of 
alternative protein products. The examples of the actions of food producers and processors, retail 
representatives, researchers, non-governmental organizations, mass media representatives, policy makers, 
etc., are summarized in Table 1.  

 
Table 1. Examples of actions of major food system stakeholders which affected the production, availability and intake of 
alternative proteins (based on Mylan et al., 2023). 

Years Type of food system stakeholders and their actions affecting the complex food system in 
terms of alternative protein production, availability, intake 

1990 Food processing companies and biotechnology researchers set off biotechnological 
advancements, related to the production of the enzyme ‘chymosin’ via precision fermentation, 
subsequently approved by the governmental stakeholder, the US Food and Drug 
Administration (FDA) 

1999 Interest in the corporate sector is boosted by the decision of the FDA to authorize health-
related claims for soy products. A wave of alternative protein company acquisitions by 
multinational food corporations such as Kraft and Kellogg’s  

2000-
2006 

Accelerating mass-media and scientific debates on alternative proteins as a ”solution” to 
climate change, with a turning point in public discourse around animal agriculture represented 
by Food and Agriculture Organization’s (FAO) report Livestock’s Long Shadow (2006), framing 
livestock as a major contributor to climate change, raising controversies and debates around 
the role of animal protein products in climate change  
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2009-
2011 

A new generation of researchers and entrepreneurs enters alternative protein niche and 
funded new, currently high-profile firms such as Beyond Meat in 2009, The Vegetarian Butcher 
in 2010 and Impossible Foods in 2011 

2000-
2013 

Social movement actors promote development of the technology. For example, animal rights 
organization People for the Ethical Treatment of Animals offers 1mil USD award to alternative 
protein producers and processors able to develop a commercially viable production process 

2010-
2021 

An intensification of public discussion involving policy makers, civil society representatives, 
social movement activism, social media and mass media discourse, causes changes in 
public perception of meat industry. Consensus between scientific groups, major NGOs, 
consumer groups, mainstream media in developed countries, highlights the links between 
meat production, climate change issues and a lack of sustainable food systems. This is 
counteracted by support of policy makers to animal agriculture: the policy makers’ support 
continues under pressure of arguments about stabilizing employment and economy in rural 
areas. This is supported by a promotion of animal-based proteins as health and luxury 
products, which counteracts consumers’ motivation to eat less animal-based proteins.  

2000-
2021 

Partial destabilization of animal protein-based food producers and their tentative restoration 
(by expanding to developing food markets and diversification of protein production). The 
global meat consumption is stagnated in the majority of developed countries while it remains 
to increase in developing countries. The three largest meat processors in the world (JBS, 
Tyson, Cargill) establish companies producing alternative proteins (years 2017 and on) 

2013-
2022 

An acceleration of the diffusion of the plant-based meat-replacement protein products with 
major retailers offering their own “plant-based” alternative protein food ranges (e.g., 
Walmart, Carrefour, and Tesco). Major fast food companies (Yum! - the owner of KFC and Pizza 
Hut; Restaurant International - owners of Burger King and Tim Hortons) are establishing 
commercial relationships with plant-based firms and launching plant-based products (e.g., 
McDonald is launching McPlant burger and Burger King is opening a plant-only outlet in 
London in 2022) 

 
The changes in the complex food system may be discussed by highlighting the contribution of specific 

food system stakeholders, including food producers, representatives of food processing industry, retailers, 
policy makers, consumers, researchers, etc. Actions of each stakeholder may constitute turning points, 
triggering a change in the whole system. However, in-depth analysis accounting for actions of all food system 
stakeholders requires multiple studies, conducted from the perspective of each of them.  

Specific actions of each of food system stakeholders may be also treated as the main outcomes of the 
food system analysis. According to the food system studies there are four types of key actions in the food 
system: production, processing and packaging, distribution and retail, and consumptions (Ericksen, 2008; 
Hospes & Brons, 2016). D.1.3. focuses on food system characteristics and processes which are explaining the 
fourth action, that is (alternative protein) food consumption. This approach does not mean that the 
consumers’ actions and perspectives are more important than actions of other food system stakeholders. The 
choice of consumption as the key food system action is an arbitrarily selected “entry point”, guiding our 
analysis of various factors operating within the complex food system, and interrelations between these 
factors.  
 

1.2 Consumption as a key activity in the food system 
 

Several food system approaches suggest that consumption is one of the four key activities in the food 
system, together with: (1) production, (2) processing and packaging, and (3) distribution and retail (Ericksen, 
2008; Hospes & Brons, 2016). Due to its innate complexity, research on food systems may either focus on 
certain types of activities (e.g., agricultural food production only; c.f. Blake et al., 2019), or certain meta-
characteristics of the system such as resilience (Tendall et al., 2015) or sustainability (Bene et al., 2019).  
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Research addressing food producers (as the food system stakeholders) and their respective activities 
(production, processing, retail) has dominated food system studies (Boer & Aiking 2022; James et al., 2018; 
Mendez, Lozano-Cabedo, 2020). This dominance has occurred as a consequence of the traditional objectives 
of food systems research, such as food security, food safety, and food risks. With new objectives emerging in 
the last two decades, such as environmental, social, and ethical issues, the importance of other system 
stakeholders, such as consumers, is growing (Diaz-Mendez, Lozano-Cabedo, 2020). The emergence of “more 
aware consumers” resulted in responses by policymakers and governments. These responses include 
providing new public policies, further increasing consumer education, and accessibility of healthy and 
sustainable food (Diaz-Mendez, Lozano-Cabedo, 2020). Changes in consumer demands resulted in changing 
actions of producers, food processors, and retail, such as developing new types of foods and food certificates, 
ascertaining sustainability, transparency, and traceability (Diaz-Mendez, Lozano-Cabedo, 2020).  

Consumers’ actions, such as trends in changing food demands are now considered essential to achieving 
a transformation of the food system into a more sustainable and resilient structure (James et al., 2018; Willet 
et al., 2019). Collective changes in consumer behaviors, such as choices of more sustainable foods (e.g., made 
of proteins that are alternative to meat and dairy from animal sources) shape actions of other system 
stakeholders and thus open pathways towards sustainable food systems (HLPE, 2017). In sum, recent 
research on food systems observes a power shift towards the ways consumers and their actions influence 
other system stakeholders and their actions, as well as an increased interest in determinants of consumers’ 
actions (Boer & Aiking 2022).  

This study aims to investigate the determinants of consumers’ food choices, as the key actions of the key 
stakeholders of the food system. We focus on alternative protein food (APF) choices.  
 
1.3 The role of consumers in sustainable food systems: Review of evidence  
 
 Previous research on key stakeholders who play a role in transforming European food systems into more 
sustainable ones indicates that food producers (farmers, fishers) and food manufacturers are considered the 
most important stakeholders, as indicated by 61-74% of respondents, participating in a survey enrolling N = 
27,237 Europeans (Boer & Aiking, 2022). The importance was determined as the percentage of grading 
respective stakeholders as significant players in the food system. Consumers were indicated as important less 
frequently and located respectively in either the third place (by 58% of respondents in North and West of 
Europe) or the fifth place (34% in South and East of Europe) of most significant food system stakeholders. In 
South and East of Europe, consumers were less frequently indicated than retailers (36%) and national 
governments (43%). In Western Europe, the national government was evaluated as the fourth most important 
actor (52%) while the EU institutions were indicated as the fifth most influential stakeholders, as pointed out 
by 46% of respondents (Boer & Aiking, 2022). 
 The majority of research addressing the role of consumers’ actions in the food system focused on 
determinants of decision-making by consumers. For example, Hoek et al. (2021) conducted a systematic 
review in which the determinants were classified into broader categories, such as individual-level factors, 
immediate environment, indirect environment, and macro-level environment. The findings suggest that the 
individual-level determinants affecting sustainable food choices include psychosocial characteristics such as 
“knowledge”, “beliefs,” and “attitudes”, socioeconomic characteristics, but also taste, convenience, and 
familiarity (Hoek et al., 2021). Immediate environmental factors include determinants such as availability in 
the local shops, social norms shared by family and friends, and family preferences. Indirect environmental 
factors, in turn, include geographical characteristics (such as urbanization), community, and information in 
the environment (including advertising). Finally, macro-environmental factors may include national dietary 
guidelines and various public policies which may influence consumers’ decisions (Hoek et al., 2021). 
Unfortunately, Hoek et al. (2021) did not provide insights regarding the content of broader classes of 
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determinants, such as beliefs (i.e., it is unclear what the beliefs refer to). More importantly, it remains unclear 
how the determinants may be related or interact together in hindering/prompting consumers’ choices of 
sustainable food (Hoek et al., 2021). 
 High food security and a reduced risk of limited accessibility to food by consumers is a key characteristic 
of a sustainable and resilient food system. Major events, such as crises of food systems may appear when food 
supply to consumers is impeded by either natural disasters (e.g., extreme weather conditions, a pandemic 
such as COVID-19 outbreak) or human-generated hazards (e.g., political unrests, wars). Research considering 
which proteins could replace meat in case of a crisis causing limited food supply indicated that insect-based 
proteins were more viable than algae-based, mycoprotein-based, or pulses-based alternative proteins 
(Boccardo et al., 2023). This conclusion was drawn after analyzing land, water, and energy requirements for 
different types of protein sources. Insect-based proteins are also characterized by an effective and short 
supply chain and relatively high feasibility of conversion (low knowledge and technology required for the 
production) (Boccardo et al., 2023). At the same time, consumers’ disgust and neophobia may be strong 
emotional determinants hindering consumers’ willingness to eat insect-based proteins (Kroger et al., 2022) 
and thus result in an unbalanced diet in case of food crises where the availability of traditional proteins is 
reduced. 
 The interactions between public policies/laws and consumers’ choices of alternative proteins constitute 
yet another type of complex processes taking place in the complex food systems. Policymakers may respond 
to changes in consumer food demands and challenges related to climate change by adjusting public policies, 
for example by incorporating revision of national nutrition guidelines to favor more sustainable food choices 
(Aschemann-Witzel et al. 2021). Linking the food policy to climate targets and greater national investments in 
sustainable food production (using e.g., fiscal instruments, changing public procurement standards, etc.) may 
change food supply and in turn, consumer demands (Aschemann-Witzel et al. 2021). 
 Concluding, existing research on the role of consumers’ actions in the food system provides evidence for 
psychosocial and environmental determinants of consumers’ choices, link consumers’ actions with actions 
of other key system stakeholders (e.g., producers), indicate potential vulnerabilities of the system in case of 
major events, and provide preliminary insights into the interactions between actions of policymakers and 
consumers’ choices. 
 Importantly, an in-depth investigation of the complex connections between the determinants of 
consumers’ choices in the food system is missing. Going beyond merely listing the determinants and 
assuming they operate “together” is essential. In particular, we need an approach allowing to identify the 
ways the complex food system operates and to elicit the determinants in the system which (when altered) 
may trigger changes reverberating throughout the system. 
 

1.4 Systems mapping as an approach to explore the consumers’ choices of 
alternative proteins 

 
Systems thinking can be understood as a shift from conventional, linear approach. Systems thinking 

facilitates understanding of the complexity of the whole, rather than focusing on its component parts, and 
considers interdependent relationships and views a problem as a dynamic, interdependent, and ongoing 
process (Meadows, 2008; Hovmand, 2013). The complex adaptive system approach assumes that the system 
elements (determinants) are connected, and a change in one element will affect other parts of the system. 
Furthermore, the connections form feedback loops, that is a non-linear association, that can lead to growth 
or decline of a respective action (i.e., reinforcing loops) or can have a stabilizing effect and result in the system 
maintaining its status quo (Medows, 2008; Hovmand, 2013). 
 An advancement of the prior research of food systems would include the production of systems maps 
(Littlejohns et al., 2021), which represent an innovative participatory action research process to advance 
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theory development and set the targets for public health interventions. A system mapping approach to 
consumers’ choices would connect determinants in terms of representing how they intersect within a system, 
accounting for their interdependence and relative strengths. 
 Systems mapping have had utility in actively engaging stakeholders to explain availability, affordability, 
accessibility and acceptability of various types of foods among the consumers with a low socioeconomic 
position (Sawyer et al., 2021), as well as systems of factors underlying production of specific types of food 
(e.g., cocoa), or the livestock sector development (Dentoni et al., 2023). In general, systems mapping uses a 
participatory approach which involves a group of stakeholders to explore how a system “works” by using a 
structured, step-by-step format to create a map of proposed causal-loop diagrams of a complex system. 
Subsequently, these systems maps help inform responses to the investigated issue through a further 
participatory research (Király & Miskolczi, 2019). 
 Systems maps allow to identify four categories of determinants which are most likely to trigger the 
change in the whole system (Meadows, 1999; Murphy & Johnes, 2020). In particular, the “leverage points” may 
be identified using network analysis. Leverage points, when altered, have positive ripple effects throughout 
the system and therefore can evoke substantial changes in the system (Meadows, 1999). These leverage 
points may be the main target of interventions, promoting higher uptake of APF by consumers.  
 

1.5 Study aims 
 
 The study aimed at mapping the system of the determinants of consumers’ choices of alternative protein 
foods and exploring the associations between these determinants. In particular, we mapped the 
determinants and the relationships between these determinants across 13 European countries (Austria, 
Czech Republic, Denmark, France, Germany, Greece, Italy, Norway, Poland, Portugal, Slovenia, Spain, and 
Türkiye), and developed 17 systems maps (5 maps for Poland, 1 map per country for the remaining 12 
countries). 
 The analysis focused on uncovering the leverage points that could shift the system towards a change in 
alternative protein choices by consumers. Furthermore, we also investigated the differences and similarities 
between countries in terms of the uncovered leverage points. 
 

2. Method 
 
2.1 Procedures 
 
 The research procedures were prepared using the principles of the Group Model Building (GMB), 
community-based system dynamics approach (CBSD), and elements of systems mapping procedures 
developed in the CO-CREATE Horizon2020 project (Savona et al., 2021; Savona et al 2023). Seventeen systems 
maps were developed in 17 systems mapping workshops, conducted in Austria, Czech Republic, Denmark, 
France, Germany, Greece, Italy, Norway, Portugal, Slovenia, Spain, Türkiye (1 map per 12 countries) and 
Poland (5 maps). 
 
2.2 General models guiding the systems mapping workshops 
 
 Community-based system dynamics (CBSD; Hovmand, 2014) was applied as an overarching model, 
guiding the study design and procedures. This approach actively engages stakeholders in the challenge being 
addressed, positioning them as “experts” in how the system works, before identifying potential actions that 
could be taken to improve it (Hovmand, 2014). Group Model Building (GMB) is a structured format used in 
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CBSD that employs systems mapping to create causal loop diagrams (CLDs), which provide a graphic 
representation of the complexity of a problem's drivers (or determinants), from the food system stakeholders' 
perspective (Savona et al., 2021; Savona et al., 2023). GMB guides stakeholders to collectively map their 
perceived drivers of a complex issue (Hovmand, 2014; Karli & Miskolczi, 2019) and it encompasses a group 
representing their collective ideas in a CLD (a systems map). If developed using the CBSD model, systems 
maps are part of an iterative process of examining a dynamic hypothesis, to identify and revise postulated 
causal links and feedback, achieved during the consensus process involving all participating stakeholders 
engaged in the mapping (Savona et al., 2021; Savona et al., 2023). The CLDs can subsequently help 
participants identify potential intervention points to move the system toward achieving a more desirable 
state, for example, to increase consumers’ preferences for alternative proteins. 
 

2.3 Workshop preparation 
 
 In Step 1, the core research team (AL, AB, ZS, EK, HZ, AK, JM, all representing SWPS) developed the set 
of preparatory materials for the potential workshop participants (food system stakeholders) and the 
workshop facilitators from 13 European countries. The overall aim of developing and sending out the 
materials was to assure a similar level of evidence-based knowledge on determinants of consumers’ choices 
among the stakeholders participating across the countries as well as among the workshop facilitators. 
 The preparatory materials for workshop participants (see Annex 1) included 5 sections: (1) the 
introduction to the LIKE-A-PRO project; (2) the definitions of alternative proteins to be discussed during the 
workshop, (3) a definition of systems mapping, (4) an example of a definition of a food system, (5) a list of the 
groups of determinants influencing alternative protein choices (e.g., marketing, economic factors, individual 
factors, etc.).  
 The preparatory materials for workshop facilitators (Annex 2) included: results of the review of literature 
conducted by the SWPS team, dealing with determinants such as nutritional considerations, health concerns, 
taste, economic factors, policies and other governmental instruments, major events that may cause 
disruptions in food system, etc. The materials also included references and full-texts of publications that 
present the state of the art in research on food systems mapping, modelling consumer nutrition behaviors 
and determinants of alternative protein choices. The facilitators were also familiar with the preparatory 
materials for workshop participants. 
 In Step 2, the research team adjusted the participant information sheet and the informed consent sheet 
developed in the LIKE-A-PRO project to the aims of the systems mapping workshops. The forms and 
invitations were sent in English or translated to country languages, depending on the decision of the local 
LIKE-A-PRO teams facilitating the workshops. 
 In Step 3 the representatives of the SWPS team (ZS, EK, AL) developed a workshop manual (see Annex 
3), providing a set of step-by-step instructions on how to conduct the systems mapping workshops. The 
manual explained the roles of facilitators, provided general rules of engagement, following the principles of 
participatory research, specified the overall research questions for the workshop, clarified the order and the 
timeline of the workshop preparations, and provided step-by-step instruction on how to conduct the 
workshop. The workshop manual was complemented by a set of PowerPoint slides (to be presented by the 
facilitators during the workshops). 
 STICKE (System Thinking In Community Knowledge Exchange) software was applied to visualize system 
maps and calculate network analysis. STICKE is an accessible tool developed to build casual diagrams 
(Hayward et al., 2020), offering the largest number of options for data analysis and data visualization, 
compared to other system mapping tools available. The tool has been successfully used in stakeholder 
research in the context of nutrition, obesity, and other public health issues (e.g. see Savona et al., 2021, 2023). 
The step-by-step instruction on how to use the STICKE software during the workshop to draw the connection 
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circle, add the determinants and connections, and how to transform the circle into a map was developed by 
EK from SWPS team (see Annex 4). 
 In Step 4, the core research team (HZ, AK, ZS, EK, JM, AB, MS, AL) developed a post-workshop survey 
(Annex 5) to collect the basic sociodemographic information (age, gender), information on stakeholder sector 
and years of work experience.  
 The sociodemographic and sector-related information was followed by the question to rate the 
importance of the groups of factors determining an increase of alternative protein choices in the respective 
stakeholder’s country. The list included 28 determinants based on the review of literature presented in the 
preparatory materials for the workshop facilitators, developed in Step 1 (see Annex 6). The determinants 
included individual-level factors (beliefs), organization-level factors, and critical risk factors. The 
determinants also included items referring to food policies, following the Food-EPI taxonomy (e.g., referring 
to fiscal actions or education interventions) (Pineda et al., 2022). The responses to the 28 questions were 
provided on a 7-point scale ranging from “–3” (not important at all) to “+3” (extremely important). The survey, 
developed in English, was translated to national languages (Polish, German, Spanish, Greek, Norwegian, 
Slovenian, Turkish, Danish, and Italian) whereas Portuguese, French and Czech teams chose to use the 
English-language version. 
 In Step 5, the LIKE-A-PRO partners assigned 2 persons per each country to facilitate the workshops and 
started the internal process of identification of the potential workshop participants. 
 In Step 6, the SWPS team submitted the study protocol for evaluation of the Ethics Committee at SWPS 
University, Wroclaw, Poland. The study was approved (decision no. 01/E/03/2023), assuming the workshops 
will be overseen and supported by the SWPS LIKE-A-PRO team. MOREFORSKING team also sought the 
approval of their respective ethics committee, in line with the institutional guidelines (decision no. 301103, 
SIKT). 
 In Step 7, an online training workshop was conducted, with the SWPS team (ZS, EK) playing the role of 
the moderators and the involved LIKE-A-PRO partners acting as workshop participants. Besides the mapping 
procedures, the workshop included information on ways of using the STICKE software. The online training 
was recorded and made available for the facilitators to rehearse prior to the actual workshops. 
 In Step 8 the LIKE-A-PRO teams recruited the stakeholders of the food system (representatives of food 
producers, food processors, policy makers, consumers, health care and education professionals working in 
the context of healthy diet promotion, representatives of NGOs operating in the food system, etc.).  
 In particular, each of the teams in 13 countries invited food system stakeholders that the teams have 
either knew of or collaborated with previously. The convenience sampling method was combined with a 
snowballing method of the recruitment. Those who were invited were asked if they can recommend another 
relevant stakeholder representative to participate in the workshop. The recruitment procedures assumed 
that each team should aim at recruiting at least 2 types of the key food system stakeholders to participate in 
the workshop(s) conducted in the country. Another guiding rule was to secure a balanced participation to 
avoid a dominance of one type of stakeholders over other type (i.e., avoiding one representative of NGO facing 
ten representatives of food producers). 
 The invitation was sent by an email or delivered in person, together with a standardized information 
about the LIKE-A-PRO project, information about the workshop content, procedures, dates/time and location, 
and informed consent forms (see Step 2). Those who agreed to participate received workshop preparatory 
materials (see Step 1), and a link/address to the workshop location.  
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to populate a shared screen with the potential determinants. By sharing their determinants, the participants 
were able to further prioritize the determinants which they had prepared, while adjusting to what has already 
been addressed on the screen until there was data saturation. The group worked to define each determinant 
as it was added to the screen for clarity. The resulting determinants formed a “connection circle” on the 
screen.  

In the next phase, participants worked as a group to identify causal relationships between the 
determinants on the circle, with the facilitators eliciting the direction (positive or negative) of the relationship 
between the two determinants and discussed the direction with the workshop participants until reaching a 
consensus. The group also worked together to achieve a consensus regarding the robustness of the proposed 
relationships. After reaching the saturation point at which no further connections were proposed, the 
workshop facilitators used STICKE to transform the “connection circle” into an initial version of a systems 
map, representing the consensus views of the group resulting from the discussion. After a break, the 
continuing of the session involved revising the map through review and verification of the content of the map 
in terms of the determinants and proposed connections. The facilitators then guided a process to identify 
points in the map where interventions may help promote consumer choices of alternative protein foods and 
where feedback loops may contain particularly strong leverage points for action (Murphy & Jones, 2020a; 
Smith et al., 2022). 
 

2.5 Participants 
 
 Of the 166 stakeholders who took part in the workshops, 150 provided their data (see Table 3). The 
remaining 16 stakeholders chose not to provide their responses to the post-workshop survey which was 
voluntary and anonymous.  
 Among those who provided their responses 39 men (26%) and 111 women (74%). Most participants were 
either 25-35 years old (31.3%) or 36-45 years old (27.3%); 26% were 46-65 years old. The remaining 
participants were 18-25 years old (12.7%) or older than 65 years old (2.7%).  
 The participants represented various food system stakeholder and sectors, with the majority working in 
food production, including: food processor industry (22.7%), food ingredients industry (6.7%), industrial 
agriculture and aquaculture (6.0%), or food industry companies combining food production with technology 
development and food research (12.0%). Other participants represented: education and scientific research 
sector (16.0%), young consumers (aged 18-19 years old; 8.7%), health care sector, in particular clinical 
nutrition (12.7%), retail and catering (5.3%), NGOs supporting consumer rights (3.3%), governmental 
agencies, including food industry regulators, commerce chambers, consumer rights protection chambers 
(3.3%), marketing (2.0%). The remaining 1.5% indicated other sectors. Across the countries, the workshops 
involved representatives of at least 3 sectors, except for Italy where all participants represented food 
production, and Poland, where 3 workshops were conducted with heath care (clinical nutrition) sector 
representatives being the majority (19 out of 24 participants) and 2 workshops conducted among young 
consumers (13 participants). 
 The stakeholders (other than young consumers) indicated that their work experience in their food 
system-related jobs was up to 5 years (31.5%), 30.6% reported 6-15 years of experience, and 29.1% indicated 
16 or more years of experience (9.5% did not provide their data). 
 The overview of the characteristics of stakeholders is presented in Table 3. 
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Table 3. Characteristics of workshops’ participants across 13 countries. 

Country No. of 
participants 

No. of 
participants who 
responded to the 

survey 

Gender Age range Years of work 

Austria 11 11 5 M; 6 F 26-35 – 27% 
36-45 – 36% 
46-55 – 36% 

1 – 5 – 9% 
6 -10 – 9% 

11-15 – 27% 
16-20 – 45% 

>20 – 9% 
Czech Republic 12 7 1 M; 6 F 18–25 – 14% 

26-35 – 28% 
36-45 – 28% 
46-55 – 14% 
56-65 – 14% 

<1 – 42% 
1-5 – 14% 

11-15 – 14% 
16-20 – 14% 

>20 – 14% 
Denmark 13 6 3 M; 3 F 26-35 – 16% 

36-45 – 33% 
56-65 – 16% 
>65 – 33% 

1-5 – 33% 
6-10 – 33% 

11-15 – 16% 
>20 – 16% 

France 16 16 16 F 18-25 – 6% 
26-35 – 12% 
36-45 – 50% 
46-55 – 6% 

56-65 – 25% 

1-5 – 25% 
6-10 – 12% 
11-15 – 6% 

16-20 – 25% 
>20 – 31% 

Germany 8 6 2 M; 4 F 18-25 – 16% 
26-35 – 50% 
36-45 – 33% 

1-5 – 66% 
6-10 – 16% 

16-20 – 16% 
Greece 10 10 4 M; 6F 26-35 – 40% 

36-45 – 20% 
46-55 – 10% 
56-65 – 30% 

1-5 – 40% 
6-10 – 10% 

16-20 – 20% 
>20 – 30% 

Italy 13 13 5 M; 8F 26-35 – 30% 
36-45 – 38% 
46-55 – 15% 
56-65 – 7% 

>65 – 7% 

- 

Norway 9 9 3 M; 6F 26-35 – 44% 
36-45 – 22% 
46-55 – 22% 
>65 – 11% 

<1 – 11% 
1-5 – 22% 

6-10 – 33% 
>20 – 33% 

Poland 38 37 5 M; 32 F 18-25 – 43% 
26-35 – 32% 
36-45 – 13% 
46-55 – 10% 

<1 – 21% 
1-5 – 29% 

6-10 – 21% 
11-15 – 24% 

>20 – 2% 
Portugal 11 10 2 M; 8 F 36-45 – 20% 

46-55 – 50% 
56-65 – 30% 

1-5 – 10% 
11-15 – 10% 
16-20 – 20% 

>20 – 60% 
Slovenia 7 7 2 M; 5 F 26-35 – 28% 

36-45 – 57% 
46-55 – 14% 

1-5 – 42% 
11-15 – 28% 

>20 – 28% 
Spain 10 10 5 M; 5 F 26-35 – 60% 

36-45 – 10% 
46-55 – 20% 
56-65 – 10% 

1-5 -60% 
6-10 – 10% 

11-15 – 10% 
>20 – 20% 

Türkiye 8 8 2 M; 6 F 26-35 – 50% 
36-45 – 25% 
46-55 – 25% 

1-5 – 25% 
6-10 – 37% 

11-15 – 37% 
Note: 17 workshops, including 5 in Poland and 12 in each of the 12 remaining countries; F = female gender, M = male 
gender. 
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2.6 Data analysis strategy 
 

The structure of the systems maps may be analyzed using network analysis methods to identify 4 
indicators of centrality: (1) eigenvector, with high values representing the leverage points in the system; (2) 
degree, with high-degree elements indicating the system elements that are sensitive to change; (3) closeness, 
with high values representing resilient elements; and (4) betweenness, with high values representing 
bottlenecks/gateways into the system (Murphy & Jones, 2020). As there are no absolute cut-off scores for 
centrality measures, we followed common practice with other systems maps reporting and highlighted the 
determinants with the largest centrality scores as critical centrality points (Murphy & Jones, 2020). The 
primary analysis focuses on 3-4 determinants of the highest centrality values. Four determinants were 
reported if the third and fourth determinants of the highest values were of close values (e.g., 0.33 and 0.32) 
with the fifth (and the following) determinants having lower values (e.g., 0.18). In case the fourth determinant 
was already of a lower value than the third (e.g. 0.40 for the 3rd determinant, 0.22 for the fourth), only 3 
determinants were reported and analyzed further. 

Due to recent criticism of the centrality measures other than eigenvector (Crielaard et al, 2023), the 
primary analysis focuses on determinants that had the highest values of the eigenvector coefficient, that is 
the leverage points. The eigenvector index accounts for the direct and indirect connections between a 
respective determinant and other determinants in the system (Murphy & Jones, 2020). However, a 
determinant that is well-connected by any metric may seem to have high centrality, but it may be well-
connected to weakly-connected elements. The eigenvector centrality indicator recognizes that not all 
neighboring determinants are equivalent in terms of their centrality and assesses whether the given 
determinant is well-connected to other well-connected elements (Murphy & Jones, 2020). Eigenvector 
centrality is found by summing the relative eigenvector centrality scores of all the neighboring determinants. 
Thus, eigenvector centrality indicates how well-connected a given determinant is to other well-connected 
determinants (Murphy & Jones, 2020). 

Values of the other types of centrality measures, that is degree, closeness, and betweenness, are also 
reported in Supplementary Table 2. Network analysis was conducted with STICKE 3.0 software.  
 After conducting the network analyses, the consumers’ choices indicators which were included in the 
maps, namely “acceptability of AP”, “willingness to consume AP” and “preference for APF”, all of which were 
defined as “intention/willingness to consume APF” were removed from the final list of the leverage points. 
“APF product purchase” was also omitted from analyses. This decision was made because all workshop 
moderators were instructed not to include the consumer choice indicators (willingness/intention to eat/buy 
APF, or the actual intake of APF). Excluding the key outcome (here, the indicator of APF choices by consumers) 
from the system maps is in line with the approach used in earlier complex system mapping research, using 
network analysis to identify the leverage points (Hayward et al., 2020, McGlashan et al., 2016; Savona et al., 
2021, 2023). he maps were assumed to represent the determinants only, not the consumers’ choice indicators 
themselves, such as acceptance/willingness to eat.  

Regarding post-workshop survey analysis, descriptive statistics and between-group comparisons for 
dependent samples (t-test) were conducted with IBM SPSS Software v.29. 
 

3. Results 
 
3.1 Results form systems mapping 
 
 The maps developed during the 17 workshops included between 10 and 34 determinants. In sum, there 
were 336 identified determinants (M=19,76) (Austria=12; Czech Republic=10; Denmark=23; France=23; 
Germany=19; Greece=17; Italy=14; Norway=34; Poland 1st workshop=23; Poland 2nd workshop=17; Poland 
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3rd workshop=26; Poland 4th workshop=20; Poland 5th workshop=17; Portugal=21; Slovenia=23; Spain=23; 
Türkiye=14). Supplementary Table 1 reports the full list of the determinants included in each map in each 
workshop and the definitions of the respective determinants, provided by the stakeholders. 
 The 17 maps are presented in Supplementary Table 2. A high heterogeneity of the maps shows 
differences between the countries, between European regions (North, East, South, and West) as well as 
differences within a country (for the 5 maps obtained in systems mapping workshops in Poland). 
 The analysis presented in this deliverable (D.1.3) focuses on the leverage points, representing the 
determinants that are most likely to trigger the change in the whole system (Meadows, 1999; Murphy & 
Johnes, 2020). Leverage points, when altered, have positive ripple effects throughout the system (Meadows, 
1999). Therefore, leverage points may be the main target of an intervention: if altered, the leverage point could 
promote the target behavior (Meadows, 1999; Murphy & Johnes, 2020), that is a higher APF intake. Below we 
discuss the determinants that were identified as the leverage points in at least 3 out of 17 systems maps (see 
Table 3). 
 

3.2 Formal and Experiential Knowledge about APF and educating consumers about 
APF 

 
Knowledge about alternative proteins is the type of a leverage point found most frequently across the 

systems maps. Limited knowledge or low “APF literacy” was identified as a leverage point in eight maps 
(Denmark, France, Germany, Greece, 3x Poland, Portugal; see Table 3). The definitions of the determinants 
indicate that the workshop participants referred to limited alternative protein food-literacy, low knowledge 
about how to prepare/cook a meal with alternative proteins, and low dissemination of knowledge about the 
alternative proteins. The findings indicate relevance of conceptual knowledge of APF, that is, understanding 
of ideas, attributes, and procedures, related to APF (Borkman, 1976; Gorzelsky, 2013). 

Familiarity with the product, which encompasses personal experience of attributes of the specific food, 
was also indicated in the systems maps. This type of knowledge is known as experiential knowledge. 
(Borkman, 1976; Gorzelsky, 2013). Familiarity with APF was identified as the leverage point in maps developed 
in Germany and Greece. Importantly, knowledge about ways to cook/prepare APF (e.g., indicated in the 
Danish map) may be a determinant which encompasses both formal and experiential knowledge about APF. 

Finally, actions aiming at the dissemination of knowledge by means of education policies or 
interventions, delivered by institutions or organizations were identified as the leverage points in two systems 
mapping workshops in Poland. 
 

3.3 Social encouragement and social norms 
 
 The next type of leverage points referred to social approval and social norms. In particular, approval of APF 
by important others (e.g., family, friends, admired models) and beliefs that APF choices are something that 
important others do, and what is popular and “trendy” among important others, were found most frequently 
(see Table 3). Beliefs about family habits and family suitability were indicated in France and Denmark, social 
norms in Germany, trends defined as popularity of trying APF by important others were identified in the map 
developed in Portugal. Social encouragement to choose APF or perceiving eating APF as a social norm (a behavior 
popular among important others) were indicated in 3 maps developed in Poland. In sum, seven maps included 
factors referring to social encouragement and social norms.  
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3.4 Advertising, promotion, and actions of influencers 
 
 Four maps included marketing advertising and/or promotion of APF as the key leverage points (Czech 
Republic, Italy, Spain, Türkiye; see Table 3). Promotion was defined as campaigns encouraging APF 
consumption (other than education campaigns), delivered by organizations, institutions or 
governments/local authorities. Furthermore, the promotion of APF by influencers was identified as a leverage 
point in three additional maps, one developed in Slovenia and two developed during workshops conducted 
in Poland. Overall, six maps included leverage points referring to advertising and formal 
promotion/marketing efforts, delivered by institutions, organizations, or influencers. 
 

3.5 APF as an example of healthy, balanced diet and a safe product 
 
 Four maps include leverage points related to the content of APF which can be perceived as an example 
of choosing a healthier, and balanced diet. These maps were developed in, Austria, Italy, Portugal, and 
Türkiye. A lack of harm (healthiness and safety) related to the product may be also a key component of trust 
in producers of APF, indicated as the leverage point in Portugal and regulations around APF indicated in 
Norway. In sum, various health and safety issues (including consumers’ beliefs about healthiness, the actual 
nutrition content, and the regulations regarding the content of APF) may be considered leverage points in six 
maps (see Table 3). 
 

3.6 To approach or to avoid? Curiosity versus and fear of novelty 
 
 Neophobia (fear of novel, unknown food) and being curious about unknown food were indicated as the 
leverage points in four maps, including the Czech Republic, Germany, Italy, and Poland. For details see Table 
4. 
 

3.7 Food culture-related factors  
 
 Maps in three countries indicated that national culture and a presence/a lack of APF in the national 
culture/cuisine is a crucial determinant of consumers’ choices of APF. Culture-related factors were leverage 
points in Greece, France, and Denmark. For details see Table 4. 
 

3.8 APF as ultra-processed food 
 
 The potential barrier may refer to the perception of APF as ultra-processed food. Recognition of APF 
products as ultra-processed food was identified as the leverage point in three maps, developed in Austria, 
Norway, and Spain (cf. Table 4). 
 

3.9 Environmental and sustainability issues 
 
 Leverage points referring to the environmental benefits of including APF in the diet were identified in 
three maps (Italy, Norway, Türkiye; cf. Table 4). 
 
3.9.1. Animal welfare/ethics of refraining of eating traditional meat 

 Respective leverage points were identified in three maps. One was developed in Türkiye and two in 
Poland (cf. Table 4). 
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Table 4. Results of network analysis: the leverage points of consumers’ choices of APF. 

Country Determinants with the highest values of the centrality measure (Eigenvector) 
Austria Ingredient overload in APF products = 0.49; Health effects of APF products = 0.49; Nutritional factor of 

plant proteins (PER) = 0.41; Ultra-processed foods = 0.41 
Czech Republic Fear of the unknown = 0.58; Price = 0.49; Promotion and advertisement of AP= 0.45 

Denmark Family suitability = 0.49; Danish food culture = 0.38; Knowledge of preparation = 0.38 
France Use & habits (cultural familiarity and tradition, family habits) = 0.51; Education (about how to cook) = 

0.45; Visual representation /presentation/ perception of the APF product= 0.35 
Germany Familiarity (opposite to fear of new products) = 0.32; Availability = 0.36; Social norms = 0.36 

Greece Familiarization with APF (culture-related factor) = 0.47; Educational level (low cognitive ability and 
rigidness in food choices) = 0.37; Age = 0.26 

Italy Advertising = 0.43; Curiosity = 0.38; Environmental impact = 0.32; APF intake perceived as good and 
balanced diet = 0.32 

Norway Regulations for products with APF= 0.28; Climate, nature and environment effects of APF= 0.28; Degree of 
processing of APF= 0.26 

Poland (1st workshop) Nutritional diversity (dietary habits rich in various types of proteins) = 0.35; Popularity of APF(social 
encouragement, social norm) = 0.35; Positive attitude towards (e.g. ethics of not eating meat) APF= 0.35 

Poland (2nd 
workshop) 

Educating consumers about APF= 0.44; Norms of APF in terms of USP*= 0.37; Social approval = 0.37 

Poland (3rd workshop) Popularity of products with APF(social encouragement, social norm) = 0.47; Trend for the consumption 
(due to influencers) = 0.32; Knowledge about APF= 0.30 

Poland (4th workshop) Readiness for culinary variety = 0.37; Disgust = 0.33; Product availability = 0.32 
Poland (5th workshop) Dissemination of knowledge about APF= 0.33; Normalization of the APF topic in mass media/social 

media = 0.32; concern for welfare of livestock = .26 
Portugal Trust (of consumers in APF) = 0.44, Social trends (popularity of trying APD) = 0.40; Literacy about APF = 

0.36, Nutritional profile of APF = 0.35  
Slovenia Taste = 0.39; Influence of influencers = 0.3. advertising = 0.32   

Spain Promotion of consumption = 0.50; Lack of knowledge = 0.37; Perception of ultra-processed = 0.28 
Türkiye Preference of APF due to health, environment and ethics = 0.49; Marketing influencing consumer 

perception = 0.35; Taste = 0.30 
Note. *USP is a uniqueness of a product (unique selling proposition; the essence of what makes your product better than 
competitors). 
 
3.10 Results from the post-workshop survey: the perceived importance of food 

system policies, relevance of food system stakeholders, and importance of 
multi-level determinants 

 
 Data from the post-workshop survey complemented the results of systems mapping. Small sample sizes 
obtained across 13 countries do not allow for conducting a reasonably powered between-country 
comparisons, assuming effects of medium sizes. Therefore, we conducted the analysis for the whole sample 
of workshop participants. Paired t-tests for dependent samples were conducted to compare pairs of 
determinants and establish if the differences were significant. The analyses focus on findings obtained for:  

- 10 types of food system policies; 
- beliefs, knowledge and actions of four types of food system stakeholders (consumers, policy makers, 

producers, retail representatives); 
- the roles of micro-, meso- and macro-level determinants referring to the individual level (e.g., 

disposable income in families), organizational level (e.g., costs of introducing new types of food by 
producers), national level (e.g., political elections, major events such as the pandemic), referring to 
social, economic, political, climate, infrastructure, major crises, etc. 
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3.11 Comparisons within the three groups of determinants: which policy is the most 
important, who is the most important actor, which micro-, meso-, and macro-
level determinants are most important? 

 
 Across the food system policies included in the survey (see Figure 1), respondents rated importance of 
all policies as significantly higher than 0 (0 was representing the response “neutral for the uptake of 
alternative proteins in my county”), all ps <.050. Mean values for the rating of importance of respective policies 
(response ranging from -3 [not important at all], to +3 [extremely important]) and their 95% confidence 
intervals (represented by whiskers for each bar) are displayed in Figure 1. 
 Two types of policies (advertising policies, food composition policies) were rated as significantly more 
important for the uptake of alternative proteins than taxation policies, other fiscal policies, food retail 
regulation policies, and public procurement policies (e.g., referring to providing products at schools, etc.), all 
ps < .05. Taxation policies were also rated as less important than food marketing and food education policies, 
all ps < .05).  
 

 

Figure 1. The importance of food system policies rated by participants of 17 workshops. 

 
 Regarding the importance of actions, beliefs, and knowledge of 4 groups of food system stakeholders 
(policymakers, consumers, food industry, retail), the respondents enrolled in 17 workshops indicated that the 
consumers are the most important drivers of the uptake of alternative protein food in their country (see Figure 
2). In particular, the importance of the consumers’ knowledge, beliefs, and actions was significantly higher, 
than those of policymakers, producers, and retail representatives, all ps < .05.  
 It should be noted that input from all 4 types of food system stakeholders was evaluated as “important”. 
Considering the rating of the importance of the 4 types of stakeholders, the mean values for the importance 
of their roles were significantly different from 0 (indicating a neutral influence), all ps < .05). The mean values 
and 95% CI for standard errors (represented by whiskers) for the importance of beliefs, knowledge, and 
actions of the four groups of stakeholders are displayed in Figure 2. 





















 

 
 

32 

7. Annexes 
 
o Annex I. Maps developed during system mapping workshops in 13 countries as a Task 1.3 in WP 1 in LIKE-A-PRO project. 

Note: solid lines represent positive associations, dotted lines represent negative associations. 
 

 
 

Map developed during 
system mapping 
workshops in Austria 
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