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To enhance sustainability, the food system requires significant shifts in the production, processing and supply of food. Ideally, a sustainable food system should operate, not only to protect the biosphere, but also to provide nutritious, high-quality food, and to support social values, an equitable economy, and human and animal health. It should also be governed responsibly within a supportive policy environment. Implementing these shifts is a task of immense scale; but citizen participation/engagement has the potential to help make sustainability a reality through distributed learning, dynamic sensing, and knowledge generation. Technological advancements in sensing and data processing have enabled new forms of citizen participation in research. When food system research is embedded within society it can help us to understand which changes towards sustainability work and which do not. Indeed, citizen engagement in food systems research has the potential to help bring citizens on side, supporting the growth of a food culture of resilience and of sustainable practises (including dietary change). This commentary provides examples of how existing research and alternative food production systems and agroecological practises may provide possible frameworks for citizen participation in food system studies. We highlight potential future food and citizen science approaches. Widening citizen participation and encouraging the involvement of other food system actors, including those in local, national and international governance, is essential to capture the full potential of citizen science in enabling transition to a sustainable food system. For the research community citizen science offers engagement and empowerment of wider communities with science; collecting and analysing data; and creating viable solutions to food system and diet issues.
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PERSPECTIVE

The food system today is estimated to contribute up to 37% of global greenhouse gas emissions (Poore and Nemecek, 2018; Mbow et al., 2019). Current methods of food production are contributing to significant environmental stress and damage to ecosystems, climate and biodiversity (Tilman and Clark, 2014; Poore and Nemecek, 2018). Such production driven damage is one of the significant negative pressures on food security (Vermeulen et al., 2012).

With increasing global urbanisation (68% of people will live in cities by 2050), and a greater reliance on heavily processed, environmentally costly and health damaging diets (Popkin, 2017), the impact of the food system on climate is set to increase by 50–90% over coming years (Springmann et al., 2018). As such, there is a need for drastic change to transform the food system and minimise its impact on climate and dietary health.

However, achieving sustainability in a highly complex technological production driven food system is challenging. The traditional “farm to fork” system is inadequate and implies linearity, whereas food is present within a global network linked to other resources such as energy and water (Hoolohan et al., 2019). The network is largely invisible to city dwellers, but it supports, shapes and is shaped by urban living (Steel, 2008).

Further complicating matters is the notion that the food system contains numerous feedback loops which refer to the process by which change in one area of the system can affect change in distant parts of the system (Ingram, 2011). For instance, changes in soil fertility or biodiversity may result in lower crop yields which could have a knockknock-on effect on consumers by reducing the availability of food. Another example could be the liberalisation of food related trade policies such as those related to sugar, which could in turn negatively affect human health (Thow and Hawkes, 2009). Scientific enquiry, by its nature, forms hypotheses and tests narrowly. Understanding why and how to alter complex systems, requires an environment that is responsive to dynamic change. Single feedback loop learning is insufficient, “double loop” or “regenerative learning” is essential, for understanding and intervening in such dynamic systems (Food and Agriculture Organization of the United Nations, 2018; Schröder et al., 2019). As such, attaining a truly equitable sustainable food system, for and in cities, presents a significant challenge (Lang and Mason, 2017a,b; Sonnino et al., 2019).

Despite the challenges, food system change is needed as it could help slow the rate of warming through reduced greenhouse gas emissions (Committee on Climate Change, 2020; Reynolds, 2020) and could deliver co-benefits by helping to reduce diet-related chronic diseases such as diabetes and obesity (Steenhuis and Vermeer, 2009; Anand et al., 2015). The feasibility of such changes was described in the “EAT-Lancet” report on sustainable diets which established nutritionally adequate and culturally acceptable food supply for all people is possible within planetary boundaries (Willett et al., 2019). However, the report was criticised for failing to describe how such dietary changes could be achieved in all cities, countries and cultures (Torjesen, 2019).

Transition to a food system which is sustainable, healthy, equitable, resilient, potentially regenerative, and suitable for communities globally, will require multi-level knowledge, new technologies, new and/or different behaviours and policies. It is also important to consider that food practices and dietary habits are embedded in culture and informed by tradition (Warde, 2016). The cultural and temporal routines of everyday life, shape eating practices and the ability to change these routines as individuals desire (Hoolohan et al., 2018; Mylan, 2018). Food practices are socio-cultural, and they are situated in the food system that shapes the food environment (Kopelman et al., 2007). This embeddedness can be an asset for food system science. By studying practices collaboratively, barriers and solutions may be identified, awareness raised and generate new ideas for shifting food practices, diets, and the wider related food system(s) (Hoolohan et al., 2018).

Citizen science is a participatory research method that actively involves citizens in scientific enquiry to generate new knowledge or understanding. There is no one definition of the method but citizen science projects involve engaging with communities and seeking their participation in data classification, collection, and/or co-creation (Reynolds et al., 2021). If citizen science engages a diversity of publics (Sauermann et al., 2020), enabled by scientists who are citizen advocates (Stilgoe, 2009) it can be a powerful collaborative approach that can generate and/or, analyse data, help monitor progress, and bring fresh perspectives. These outcomes could stimulate a faster and smoother transition to sustainable diets and a wider sustainable food system.


Citizen Science in the Food System

Although citizen scientists have been employed in environmental and ecological systems research since the 19th and early 20th century (Haklay, 2013), enabling researchers to gather more data, with a wider geographic spread and over longer periods than possible otherwise (Haklay, 2013; Strasser et al., 2018). Engaging citizen scientists in food system research only started to gain momentum in 2019. For instance, engaging with members of the public to assess food fraud or stimulate local food production, and involving citizen scientists in food safety research or monitoring (see Reynolds et al., 2021). Such studies are becoming a possibility as a result of advances in remote forensic and sensing technologies (Dehnen-Schmutz et al., 2016; Yano et al., 2018).



Method

A rapid literature review (on Scopus, and Google Scholar) was conducted in March to June 2020 (see Tricco et al., 2015 and Haby et al., 2016 for discussion of the characteristics, strengths and limitations of this methodology). The review was used to explore the terms that describe participatory methods: citizen science, participatory research, community research, action research and coproduction. These results were interrogated for “food system” and related terms including: food, diet, obesity, nutrition, agriculture, farming, urban growing/farming, fish, food and safety, and variants of these terms. From this initial search further papers were reviewed if cited within relevant papers or if they referenced them (using snowball method). The examples identified and discussed through this review are categorised and shown in Figure 1. While by no means an exhaustive list, these examples do highlight the state of the literature in early 2020.
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FIGURE 1. A pictorial summary of citizen science engagement with the food system and impact pathways. These examples were identified through our rapid review of the literature in 2020. Examples of domains where citizen or participatory science is linked to food system research and experimentation (upper hexagons). Knowledge is generated by citizen scientists supported and/or catalogued by professional researchers to inform or modify practices within the food system dynamically (oblong). Transformation is possible in different spheres linked to food and for different food system actors (lower hexagons).


Further searching using Google Scholar was carried out in December 2020 using additional food system search terms such as antimicrobial resistance, AMR, food safety, food pathogens, food additives, etc. (see Reynolds et al., 2021, for the full results of this additional study).

The aim of this perspective is to provide examples from the literature to illustrate citizen involvement in diverse domains of food systems and sustainable diet research. A summary of the examples discussed is provided in Figure 1. Eight of the ten food citizen science domains illustrated in the figure are discussed in this paper. Citizen science for tackling food waste (Pateman et al., 2020 this issue), food safety (Reynolds et al., 2021), sourcing global sustainability metrics [for Sustainable Development Goal [SDG]], collection of data and design of evaluation metrics monitoring food and agriculture related SDGs (Ryan et al., 2018; Fritz et al., 2019) are reviewed elsewhere. We also recognise the additional research from this special issue including Kallio and Houtbeckers (2020), Sijtsema et al. (2020), and Helenius et al. (2020). We highlight that our examples are focused on citizen science at the production, processing and consumption stages of the food system, with food system inputs (natural resources, manufactured inputs or human resources) all offering their own potential citizen science engagement opportunities. Indeed, examples of irrigation (Buytaert et al., 2014; Ramirez-Andreotta et al., 2015; Pérez-Belmont et al., 2019), fossil fuel (Zilliox and Smith, 2018) or other input-based citizen science are currently present in the literature (Dobson et al., 2021). We also note the American-Anglo-Euro-centric nature of our examples provided, with no studies from Latin America, Asia and Africa were highlighted by our rapid review (beyond Japan and Cuba). Through our informal networks we are aware of ongoing citizen science and food work globally, and hope this is published soon to provide stronger evidence of the wide applicability and adaptability of citizen science methods to global food system and diet issues.



Example 1 Ecological Monitoring

In ecological monitoring projects, citizen scientists typically use geographic information systems or environmental sensing to enhance the productivity of a research project, allowing large scope, geographically and/or temporally (Sauermann et al., 2020). Such studies may use geolocation distributed and miniaturised sensing with recruitment of often large numbers of collaborating citizen scientists.

An example of citizen scientists in food systems research is the engagement of school children to monitor soil health (Martay and Pearce-Higgins, 2018). Other examples include the engagement of volunteers from diverse community groups (together with organisations who contributed additional funding) to undertake a mussel pathogen survey (Puget Sound, Washington, USA) whereby volunteers collected samples and carried out analysis, allowing survey sites number to rise from 60 to 108 (Lanksbury et al., 2013). Another example includes the global Local Environmental Observer (LEO) project which is a community situated network (originating in Alaska) that has tested for food pathogens, and monitored for advanced permafrost melting, helping safeguard household and community food storage depots (Mosites et al., 2018).

Ecological and environmental monitoring of geographically distant sites and systems by citizen scientists can enable early detection of environmental change and identification of food system risks. Working together, professional and citizen scientists have realised ambitious scientific aims that would remain out of reach without such partnerships. These examples and those in the following sections demonstrate that when citizens actively participate in research, outcomes can be broader than traditional knowledge generation and exchange, scientific literacy gains and engagement.



Example 2 Urban Growing

Urban growing is increasingly seen as an important step for food security in modern societies. For instance, the German “1000 gardens” project aimed to reduce reliance on imported soya used citizen generated data to investigate suitability of growing conditions in different geographies for up to 10 lines of soya beans and subsequently evaluate usefulness of the beans for different purposes (Würschum et al., 2019). Media coverage of this project raised national awareness of the importance of legumes, both as food and for soil health.

The MY Harvest initiative located in the UK, investigated the geography of urban food growing, examining the scale of urban cultivation and yields in Leicester (Edmondson et al., 2020). Citizen scientists from growing spaces and allotments, collected yield data on what is grown where. These data, geographic information systems data and historical data were combined to estimate the size and efficiency of current urban cultivation and describe areas that could be used to maximise urban growing. Such projects have the potential to bring improvements in food security and food sovereignty to urban areas, whilst also increasing the engagement of citizens, local government and researchers in urban growing. Such collaborative projects highlight that with the right support, positive health community and environmental benefits can accrue (Beilin and Hunter, 2011; Dobson et al., 2020), as reported in the wider “urban food growing” literature (reviewed in Edmondson et al. (2020)).

These examples have focused on growing, rather than consumption of food. This area of research could be easily expanded to examine diets in relation to growing food; possibly even trace how the urban community networks use and consume the food beyond the individual level. This would provide another facet of investigation for sustainable urban growing citizen science projects.



Example 3 Agroecology

Whilst MY Harvest and 1,000 Gardens were relatively limited projects, there are larger scale and more longstanding examples of urban production implemented by citizen agroecologists. In 1990's, the collapse of the eastern bloc left Cuba without sufficient fertiliser supplies and other key farm inputs and forced an agricultural rethink. Numerous grass roots production projects in community growing spaces and free urban plantable spaces emerged (Altieri et al., 1999). Cuban urbanites experimented, generating and sharing knowledge, often in cooperative groups, to improve their food sovereignty and security (Buchmann, 2009).

More broadly across Cuba, agroecological farm scale production had to be adopted. Although mainstream experimentation and knowledge sharing was not directly carried out by traditional government extension services personnel, it was both developed and disseminated by Campesino “peasant” farmer community networks. Extension experts facilitated the peer to peer work, to ensure that farmer-led networks developed skills and shared knowledge through collaboration and participation (Rosset et al., 2011; Rosset and Val, 2019).



Example 4 Artisanal or Specialist Food Processing and Production

Artisanal food production is another form of (long term) community–based science. Through iterative processes of experimentation and evaluation, practices are gradually incorporated into everyday life, aided by peer networks and external experts (e.g., brewers or bakers) (Kuznetsov et al., 2016; Reese et al., 2020).

Users of the commercial food-substitute Soylent, engage in more individualistic food production. Rather than buying Soylent, some users modify the open-source recipe, optimising the nutritional profile for perceived improved health outcomes. Soylent practitioners supported and collaborated accross the user-community. Whilst the scientific literacy is admirable, the authors are justified in their criticisms of the research, highlighting the importance of developing proper data handling and support structures within this and any future citizen scientist-led communities (Dolejšová and Kera, 2017).

At the most radical end of the spectrum of citizen scientist producers are “biohackers” such as Real Vegan Cheese biohacking group, who are developing methods to produce milk proteins from baker's yeast in order to make vegan cheese (see Wilbanks, 2017) or the Shojin Meat project, which developed techniques to produce lab-grown meat [Disrupting Japan, 2021; Shojinmeat Project, 2021]. Groups include professional biologists and members with complementary skills, collaborating to develop foods such as vegan cheese or lab-grown meat. These are some of the most high-tech and specialised citizen food science projects documented, and reflect local available infrastructure and enabling entrepreneurial environments.

Artisanal producers, Soylent experts and Biohacking groups practice “extreme” citizen science (Haklay, 2013). These projects demonstrate citizen science can be sophisticated, self-organising and largely independent of traditional institutions and professionals. Accessibility of technology, experts or expert information, good governance and “peer to peer” support, are prerequisites of extreme citizen science.



Example 5 Food Safety and Fraud

Emerging technology may provide a means for more citizen participation in food safety science. Equipment required for complex testing (e.g., for molecular testing) has become more user friendly and cheaper. Citizen scientists have used genetic testing to detect food fraud (Bénard-Capelle et al., 2015; Warner et al., 2019). Emerging technology presents opportunities for democratised food safety testing (Nielen, 2019). Indeed, investors are backing allergen testing tech start-ups (Ross et al., 2018), and other food safety technology is close to market (Quesada-González and Merkoçi, 2017; Naydenova et al., 2019).

Following the Fukushima nuclear disaster in Japan, a citizen scientist network began monitoring radiation levels in contaminated food in response to a lack of information and mistrust in the government/available information. “Citizen Radioactivity Monitoring Stations” were varied in nature, but commonalities between stations were that they were self-organising, efficient and practiced “open source” data sharing. The professionalism of the network (many degree level scientific training) was perceived as a threat by the radiological protection establishment (Reiher, 2016).

However, we highlight that citizen food safety projects could be viewed positively (and harnessed) by policy makers and professional scientists to reinforce food safety and trust. Indeed, public confidence and trust in food is needed to accelerate the transformations toward a healthy sustainable food system. Rapidly developing technology, citizen expertise and scientific literacy can allow higher levels of citizen participation. Policy makers and professional scientists could engage with citizen scientists and emerging technology to rapidly improve public health and trust in the food system.



Example 6 Community-Based Public Health

Public health and nutrition professionals use participatory, community-based methods to co-develop interventions e.g., health marketing studies in difficult to reach urban (George et al., 2016) and rural low socioeconomic status communities (Mammen et al., 2019). Co-creation of knowledge can empower citizens; generate agency, self-efficacy and promote citizen advocacy (for review see Israel et al., 1998).

A common participatory or collaborative research approach is Onevoice or Photovoice methodology (Sutton-Brown, 2014). Skills training and technological tools (e.g., cameras) are given to citizens, allowing them to take films, photographs or record sounds; collecting impressions about everyday experiences and environment. Professional researchers facilitate review and discussion, where participants are encouraged to analyse findings through development of ideas and insights. Other community actors may collaborate co-developing mitigating strategies and/or policies (for review see (Derr and Simons, 2020)).

Studies often examine enablers and barriers to health and food practice (Kovacic et al., 2014; Díez et al., 2018; Rogers et al., 2018). Communities and policy makers, (e.g. Madrid Spain) can develop place based mitigations for health, such as getting local stores to set up collective buying practices so that diabetic and gluten free foods were available widely and at reasonable cost (Díez et al., 2018). Citizen scientists in New Jersey (USA) identified problems with a Healthy corner stores' scheme and suggested strategies for stores' to collaboratively modify logistics, improving implementation (Chrisinger et al., 2018). Other community only solutions may be more limited e.g., sharing recipes and meeting to cook healthier foods together (Rogers et al., 2018).

Youth participation in a photovoice food justice project demonstrated that students became engaged and advocated for food equity in their community (Harper et al., 2017). Though unsuccessful, these events prompted discussion about the potential of using engagement and empowerment of youth groups more effectively in food justice research to balance power dynamics (Harper et al., 2017).

Another extensive youth public health photovoice project, revealed that although participants were engaged, empowered and proposed solutions. Yet, efforts to affect change were similarly hampered by structural and policy barriers (Kovacic et al., 2014).

Use of technology can improve participation but also increase levels of empowerment in participatory science projects (Akom et al., 2016). Diverse and extensive participation, must be enabled and include policy makers and those with responsibility for governance to enable more dynamic community led policy change.



Example 7 Place-Based Citizen Science

Engaging diverse stakeholders, to maximise citizen science efficiency and effectiveness, may be essential for many transition approaches towards a sustainable food system. The examples below highlight how place-based citizen science projects can improve a specific food-place, food geography or food environment. Project SoL (Sundhed og Lokalsamfund, or translated: Health and Local communities) in Bornholm, Denmark was a local community led public health intervention, to reduce childhood overweight and obesity (Bloch et al., 2014; Toft et al., 2018). Eighty-six percent of the local population were aware of SoL, families made healthier food purchases and there was a greater community awareness of healthy eating; (Danish report, machine translated) (Forskningscenter for Forebyggelse og Sundhed, 2016). SoL was a short 18 month project, with no significant impact on children's BMI reported. However, SoL showed that complex community projects can be an effective seed change in attitudes and behaviours, with scientists taking a facilitatory role only.

Place-based projects and groups can also allow communication in fragmented multi-level political structures. Taking an integrated role as investigator/activist, the lead researcher in an Exeter (UK) based project worked with citizens and other local actors to co-produce knowledge, despite a policy vacuum, to meet a rapidly evolving English urban food insecurity crisis (Sandover, 2020).



Example 8 Food Literacy and Culture

Beyond scientific benefits, citizen science also contributes to the knowledge, culture, and welfare of the citizens who contribute. For instance, an urban, Canadian healthy eating project (Growing roots), illustrates an effective approach to helping shift food cultures and practices. Immigrants to Winnipeg Manitoba tend to live in low-socioeconomic areas at risk of food insecurity and food poverty. Growing roots invited participants from immigrant communities to cooking classes, focusing on healthy Canadian meals and exploration of positive nutritional elements in participants indigenous food cultures. Although nutrition was not formally taught, participants reported learning and sharing peer-to-peer support through participatory and exploratory investigation of Canadian and group indigenous food practices (Henderson and Slater, 2019). This key study provides a template or framework to customise planetary diets, and healthy, sustainable food practices in different cultures, communities and geographies whilst respecting pre-existing practices and traditions.



Conclusion and Recommendations for Future Research

Traditional research and policy methods have proven insufficient for widespread change in diets, food practices and food production. Citizen science builds upon traditional research methods by providing a framework for investigation, while offering a concurrent platform for intervention, community engagement and teaching. Likewise, a food system transition requires participation of all actors (i.e. citizens involved in consumption, production, and change processes (example 4) based in sociocultural context (Spaargaren et al., 2012). Citizen science (and similar) methods are uniquely placed to contribute to this wider actor engagement and create real-world change.

The selected research examples discussed above demonstrate that citizen scientists have the potential to operate at many levels of the food system and at all levels of society. Participatory research can be facilitated by technology (examples 2–6) to help make distributed learning and dynamic sensing widespread, generating greater knowledge than may be possible with traditional research methods. Citizen science can also be used to evaluate awareness about food systems impact (Armstrong and Reynolds, 2020; Armstrong et al., 2020a,b). Shifts towards sustainable food systems and dietary patterns along with other positive health and food environment improvements can also be monitored and enabled through citizen science and wider participatory research methods (examples 2–6). However, further specific dietary change citizen science studies are needed, as this is a new field of investigation.

Participatory research in health (examples 6, 8) demonstrate that by looking within sociocultural systems and engaging the people within them, researchers and publics can gather diverse contextual perspectives and potentially generate more creative solutions to problems.

By fostering wide and diverse participation (Kimura and Kinchy, 2020), by working with citizens in an investigator activist sense (Stilgoe, 2009) researchers can help to broker engagement with a wider variety of actors. The examples described above indicate that citizen engagement and advocacy are more effective when policy makers engage (examples 6, 7). Citizen science has been (explicitly or implicitly) a tool for policymakers. However, to be a true force for change, the evidence produced by food citizen science (and the research process itself) must impact policy and culture (Schröder et al., 2019).

As evidenced above, citizen science does not require necessarily the development of new research methods, but can easily fit within existing ones (adjusted to recognise that citizens have to collect data or engage with each other). For example, multiple participatory tools already exist that can be used to promote and embed citizen science approached within existing research programmes (see Pain et al., 2012, or Hall et al., 2017). Such tools should be used to facilitate citizen participation and ensure collaboration between professional science and society. This is essential to facilitate socio-technical sustainable transitions in the food system (Sauermann et al., 2020). We conclude that working together as citizen scientists, within and alongside place based structures, to seed networks and propagate change strategies, diverse citizen involvement can help embed new behaviours and cultural norms for a more sustainable food system.
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