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Introduction: Efforts are underway to transform food systems in light of their contributions to global challenges like climate change. However, food systems are highly complex, involve noteworthy place-based challenges, and there is often debate and disagreement among experts over appropriate technologies or interventions to prioritize. Tracking progress, and understanding these differences, is thus a critical need.

Methods: We surveyed food systems experts in eight countries about their preferences for 20 different food system transformation strategies and their sentiment regarding whether current initiatives are sufficient to meet 2030 goals for climate and biodiversity.

Results: Expert sentiment is overwhelmingly negative, and experts are concerned about multiple “transformation gaps,” including gaps in ambition, strategy, and implementation. Expert rankings for 20 strategies vary notably among countries and in ways that do not match those same experts’ rankings for the strength of the science behind each lever. Factor analysis reveals four distinct theories of change informing experts’ subjective biases: transformation via technical optimization, via smallholder support, via nature-positive solutions, and via supply chain enabling conditions.

Discussion: These findings provide insights for navigating the complexities of food system transformation and illustrate the influence on our strategies of preconceptions and biases in how we have come to understand the nature of the challenge.
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Main text

Our food systems represent a critical strategic theater in the work towards addressing the major intersecting, worldwide challenges of climate change, biodiversity loss, food insecurity, and sustainable development (Schneider et al., 2023). In the last few years, the concept of food systems transformation has taken center stage (Willett et al., 2019; Loring, 2021), and there is mounting consensus that nothing less than a radical reorganization of how we produce, distribute, share, and consume food will suffice for successfully reducing greenhouse gas emissions, reversing deforestation and biodiversity loss, and improving human health and well-being (Rockström et al., 2020; Stephens and Clapp, 2020). Yet, while advocacy, activism, and innovation abound at all levels of society, much progress still needs to be made (Béné, 2022; Loken, 2023). At the 2023 UN Food Systems Summit+2 Stocktaking Moment, the UN Secretary General acknowledged the need for rapid change and called for a system-wide, cross-sector strategy for transforming food systems via bold initiatives in governance, health and nutrition, business, finance, and science and technology (United Nations, 2023).

The good news is that there is no shortage of good ideas for making our food systems more sustainable, equitable, and just (Fraser et al., 2016). For many decades, those promoting food systems reforms focused almost singularly on accelerating production and increasing efficiency (Thompson, 2017; Dornelles et al., 2022); from 1995 to 2015, for example, global food systems were characterized either by trends of expansion, i.e., increased in agricultural area, synthetic fertilizer use, and gross agricultural output, or consolidation, characterized by a focus on economies of scale to increase efficiency while still increasing output (Dornelles et al., 2022). These gains in production came with several negatives, including decreased resilience of agroecosystems and food chains, increased ecological footprint, and a variety of negative societal outcomes such as widespread malnutrition and political disenfranchisement and cultural severance of people from place (Stone, 2019; Loring and Sanyal, 2021; Dornelles et al., 2022). Indeed, alongside the ongoing march of industrialization and consolidation in global food systems Indigenous and other local communities have have consistently advanced a countercurrent a countercurrent of food activism and critique, arguing for alternative strategies rooted in human rights, food sovereignty, and agroecology (Via Campesina, 2007; Figueroa-Helland et al., 2018). In recent years, through the work of these communities, the credibility of their alternative visions have become more widely recognized at many levels, from local to global (Motta, 2021). It is now common to encounter mainstream conversations about food system transformation that eschew narrowly construed production-centric solutions and instead promote a diversity of systemic innovations, including agricultural and land tenure policies, empowerment of women, and reform to nature-positive practices that generate co-benefits for people and ecosystems (Béné et al., 2019; Bennett et al., 2021).

A challenge, however, is that global food systems are extremely diverse, comprising different forms and facing substantively different challenges from place to place. On one hand, much of the global food system is heavily industrialized and geared towards globe-spanning food markets and supply chains; on the other, these global systems intersect and interact with the myriad place-based systems of smallholder agriculture, local markets, and small-scale fisheries that provide most of the food being consumed globally (Rotz and Fraser, 2015; Flachs, 2020). So, the workings of the food system that any given person eats from reflect the ecological, political, and cultural nuances and histories of where they live, which invariably include socioeconomic inequities and racist and colonial legacies (Loring and Gerlach, 2009; Downs et al., 2020). As such, one-size-fits-all solutions are untenable from both a social and ecological perspective (Béné, 2022).

There are also myriad perspectives and little consensus on the best technologies, practices, or policy interventions for remaking food systems to address challenges like climate change, biodiversity loss, and food insecurity and malnutrition. Some experts advocate for increased attention to advanced technologies and efficiencies, others focus on finding efficiencies through changing consumer consumption patterns, and still others focus on social and human rights entry points like food sovereignty and land tenure reform. In other words, the theories of change—the assumptions about how we get from intervention to impact—that motivate people’s work on food systems are as varied and nuanced as the places where changes need to happen (Vogel, 2012; Thornton et al., 2017).

A theory of change, in the most general sense, comprises both one’s understanding of how current problems or circumstances have come to be, and how, based on that understanding, interventions can result in new and ostensibly more desirable outcomes (Vogel, 2012). Theories of change can be informal, such as people’s general ideas about nature, progress, and how to improve society and social welfare, or they can be highly detailed and systematized, attending to the specific steps needed to achieve long-term goals and the relationships between activities, outputs, and outcomes (Thompson et al., 1990; Stein and Valters, 2012). Theories of change also invariably involve assumptions that underpin their causal logic and are, hence, critical to understand. These can include assumptions about the science basis, assumptions about human behavior or social context, and deeper cultural assumptions about the right and wrong way to solve problems (Opatovsky et al., in review). In the context of food systems transformation, the use of systematized theory of change frameworks is advancing as a way prioritize and improve the pace and learning potential of new interventions (Thornton et al., 2017; Dinesh et al., 2021). Recognizing the deep and often-unstated underpinnings of experts’ theories of change in food systems is essential to ensuring these efforts do not have unintended consequences or trade-offs that undermine progress toward environmental and social goals. In addition, recognizing when different actors are working with different theories of change can also be critical for collaboration and developing a deeper understanding of disputes and conflict (McEvoy et al., 2017; Harrison and Loring, 2020).

In this paper, we report on research that elicited perceptions and preferences from food systems experts in eight countries regarding progress toward, and opportunities for, food system transformation. The goal of the work was to identify insights that could help practitioners and policymakers identify develop effective and place appropriate strategies for interventions that contribute to national commitments for climate, biodiversity, and sustainable development. With a survey and series of interviews, we evaluated experts’ sentiment regarding current initiatives in their countries with an eye toward four related aspects: current ambitions, strategies, implementation, and overall progress toward meeting their nationally determined 2030 goals for climate and biodiversity (Figure 1). In the survey, experts ranked the potential for impact and the strength of science behind 20 country-level ‘transformation levers’ (Table 1) to create systemic food system change, levers that span such areas as natural resource management, governance, education, technology, trade, and finance. The findings reveal widespread concerns about country-level progress toward addressing climate change and biodiversity loss, shed light on expert perceptions about the strength of the science behind popular food systems innovations such as high-tech protein alternatives, and offer critical insights for navigating the subjectivities and competing theories of change that currently inform prominent debates over food system transformation.
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FIGURE 1
 Gaps in ambition, strategy, and implementation can stall food system transformation. Adapted from WWF (2023).




TABLE 1 Food systems transformation levers.
[image: Table1]



Methods

Experts responded to a web-based survey that was made available in English, Spanish, and Cantonese (Supplementary Table S1). We designed the survey in English, and then for translation purposes, discussed the questions with team members before translation to ensure that key meanings were retained. The survey includes four Likert-scale questions related to their sentiment about overall progress and the three gaps illustrated in Figure 1. The survey also asked experts to rank 20 transformation levers (Table 1) for their potential to create a positive impact in their country’s food system, on a Likert scale of 1–5. The 20 transformation levers used in this survey were first identified in the WWF report, Solving the Great Food Puzzle (WWF, 2022). In that report, WWF solicited expert suggestions to identify a representative subset of the 42 policy actions identified by Hawkes et al. (2020) and WWF (2022). We chose not to provide formal definitions for words that have been formalized in this area of practice, such as smallholder, as these definitions are sometimes contested and when survey takers encounter statements or concepts they disagree with it can undermine their engagement in the survey (Fowler and Mangione, 1990). Since publication, these 20 levers have been vetted and refined by multiple national-level WWF teams and in countries other than those included here; as such we believe they are representative of the range and types of strategies currently being pursued for food systems transformation around the world. The survey also asked experts to rate the strength of the science that exists in support of each of the 20 levers, on a Likert scale of 1–3.

To analyse survey data, we performed all statistics using R (R Development Core Team, 2021). This included the creation of an expert sentiment index by averaging the rankings of the four sentiment questions for each respondent, checking first for agreement (shared variance) among the four questions using the Chronbach’s alpha test.

To explore correlations between transformation levers and among levers and their science ratings, we used Spearman’s test (which is preferred over Pearson’s for categorical and ordinal data). To surface unknown influences on expert lever rankings we used factor analysis with varimax rotation, a method often used for uncovering latent discourses that inform people’s subjectivities (Eden et al., 2005). We also used ANOVA with pairwise post-hoc analysis to identify sources of variance in lever rankings and in the expert sentiment index.

Note that in the cases where we used averages or other parametric tests (ANOVA) with Likert-style data, we did so with the understanding that while some have questioned the validity of transforming ordinal data in this manner, scrutiny has shown that parametric tests not only can be used with ordinal data but in many cases they will be more robust than nonparametric alternatives (Norman, 2010).

Participants were recruited from eight countries: China, India, Pakistan, Philippines, Mexico, Netherlands, South Africa, and the United States of America. While we acknowledge that this was a sample of convenience, the set does include at least one country from each food system type articulated by Marshall and colleagues, which range along an axis of industrialization, from food systems characterized by smallholders engaged in traditional cultural activities to fully industrialized food systems (Marshall et al., 2021).

For survey and interview recruitment, we relied on local WWF offices to compile an initial recruitment list that prioritized representative diversity, i.e., attempting to ensure participation by respondents from all relevant sectors, which is a desirable approach for sampling saturation in social research when working with logistically constrained sample sizes or in loosely defined communities like experts where it is impossible to credibly estimate a population size (Saunders et al., 2018). We opted to not define “expert” too narrowly but rather rely on local discretion in order to not unintentionally exclude critical perspectives (Sandelowski, 1998). We began with an initial recruitment target of 20–30 survey participants and 8–10 interview participants per country. An important nuance about this kind of qualitative inquiry is that we are trying to surface insightful patterns in perspectives and subjectivities, not present an authoritative picture of the current state of expert opinion for each country or intervention. In other words, the research is about what we can learn from these experts not what we can learn about all experts. The latter would require more attention to the relationships among population and sample size and statistical power.

We sent participants surveys links by email and up to three reminders were sent over the course of a month. Experts were asked to self-select in the survey if they would be willing to participate in additional, one-on-one interviews. Interview questions (Supplementary Table S2) were customized to include a mix of shared questions and questions informed by the preliminary results of the survey. For logistical purposes (e.g., constraints on time, technology, internet access), our partners in the Philippines opted to hold in-person expert workshops instead of interviews. Our workshops followed the same question format as the interviews. All interviews were done in English and co-led by authors 1 and 2, who are both experienced interviewers; in cases where language could be a barrier, at least one multi-lingual member of the research team participated in the interview as well.

Author 1 coded the fully anonymized interview transcripts and workshop notes using the MaxQDA qualitative data analysis platform (VERBI Software, 2024). Coding was done deductively, based on the 20 transformation levers listed in Table 1, the four dimensions of our sentiment index, and by the four factors we identified and named as emergent theories of change. In the context of this paper, we use the interview data largely to identify exemplar quotes that can provide context or specific examples and to inform our synthesis and interpretation of survey findings. This is consistent with an abductive approach to mixed methods ethnographic research (Agar, 2013).

The sponsoring agency (WWF) did not require human subject research review; nevertheless, the lead author is trained and certified for ethical human subjects research and proactively ensured that the project followed standard best practices for human subjects research, including collection, security, anonymity, and confidentiality; free, prior, and informed consent was received from all participants prior to data collection.



Results

A total of 232 participants from eight countries—China (CHN), India (IND), Mexico (MEX), Netherlands (NLD), Pakistan (PAK), Philippines (PHL), South Africa (ZAF), and the United States (USA)—opted to participate in the survey and 83 (35%) opted to participate in in-depth interviews or workshops with the research team (Supplementary Tables S3, S4).


Expert sentiment and concerns

Overall, our expert sentiment index, (Figure 2), which combines respondents’ individual rankings for ambition, strategy, implementation (α = 0.9035), suggests that expert sentiment about food system transformation progress is largely negative. Only experts from China reported positive sentiment across all aspects of the sentiment index (Figure 2b)—implying a positive outlook on their country’s ambition, strategy, etc. Expert sentiment is lowest in The Netherlands; in countries other than China, pairwise differences in sentiment were found to be statistically significant between some, but not all, Global North–Global South pairings (Supplementary Table S5). Respondents in countries other than China were all generally split regarding whether actors in their country are exhibiting the necessary level of ambition and pursuing sufficiently robust strategies (Figure 2c); 60% of respondents outside of China are not convinced that sufficient resources are going to food systems initiatives, and 68% do not believe that their country is on track to meet existing 2030 commitments for food systems transformation.

[image: Figure 2]

FIGURE 2
 Expert sentiment about progress toward food systems transformation is poor. Results show negative expert sentiment in every country surveyed except China. (a) Distribution of sentiment index scores by country, with Global North countries in teal and Global South countries in red. (b) Responses to the four sentiment questions for China. (c) Responses to the four sentiment questions for all other countries.


When asked to characterize existing initiatives in their countries, respondents unsurprisingly reported that production-focused initiatives are the dominant focus, with 77% of survey respondents describing production as the area with the most interventions/programs in place, while only 13% listed food loss and waste and 11% listed diets and nutrition as being the most active areas. Food loss and waste and diets and nutrition were instead mostly split, ranked as having average and least activity, a pattern that holds for all eight countries surveyed (Supplementary Table S4).

Interview participants identified numerous areas in their country where there are gaps in ambition, strategy, and implementation (Table 2). Implementation gaps were the most discussed (Supplementary Table S7), and included inadequate funding, unfinished and abandoned work caused by administrative and political change and corruption. Another significant challenge to implementation identified was inadequate or misdirected research and extension capacity, specifically in service of smallholders and alternative production systems like agroecology, agroforestry, nutrition-focused strategies, and regenerative farming.



TABLE 2 Summary of transformation gaps as explained in interviews.
[image: Table2]

Strategy gaps were the second most common gaps discussed (Supplementary Table S8). Examples of perceived strategy gaps identified by experts include too little emphasis on empowering smallholders, hesitancy to move away from conventional practices and adopt alternatives like regenerative agriculture, and perceptions of misdirected strategy, e.g., too little focus on creating consumer change toward health, sustainable diets.



Lever rankings by potential impact and strength of the science

Regarding expert rankings of the potential impact of the 20 transformation levers (Figure 3), seven of the 20 levers reached the “top 10” list for six or more of the countries surveyed, notably levers focused on natural resource management strategies (NRM), education (ED), governance (GOV), and supply chain technologies (TECH; Supplementary Table S9). This is consistent with our interview findings. Carbon storage strategies (NRM3) never made the top 10 for a country. Alternative proteins (TECH3) only made the top 10 in The Netherlands.

[image: Figure 3]

FIGURE 3
 Experts’ rankings of transformation levers varies by country. Lever abbreviations are defined in Table 1. Countries ordered by similarly of rankings using hierarchical cluster analysis.


Levers with the strongest expert rankings for the strength of science are from NRM, TECH, and ED categories (Supplementary Table S8). Conversely, experts rated FIN and TRADE levers as having comparatively weak science behind them. Noteworthy country-level differences include lower than average ranking for the science behind multi-stakeholder collaboration (GOV4) in China, lower than average rankings for the science behind supply chain interventions (TECH2) in Pakistan, and higher than average rankings in Netherlands for the science behind alternative proteins (TECH3). The latter corresponds to the Netherlands being the only country to include alternative proteins in their top 10.



Inferring expert subjectivities

Interestingly, expert perceptions of the strength of the science behind each of the 20 levers does not appear to influence their rankings for the levers’ potential for impact. No statistically significant correlations above our “weak correlation” threshold of r = 0.4 were found between experts’ ranking of potential impact and strength of science for any of the 20 levers. We interpret this in the discussion section. Still, experts do widely call for more science; strengthening science (ED1) made the top 10 for all countries except Netherlands; this emphasis was especially pronounced for countries in the Global South, which aligns with matters regularly raised by interviewees: that current science, especially in service of smallholders, is insufficient, not applied, or not disseminated.

To understand further what drives the different lever impact rankings, we first looked at whether rankings vary significantly by country. They do, and much, but not all, of the variance in lever rankings occurs between Global North and Global South country pairs (Supplementary Table S10).

We also identified multiple strong and statistically significant correlations among levers in the same group (Figure 4a). That is, if an expert ranked one NRM lever high, they were likely to rank others in that same group high as well. This early observation in the survey data informed our working hypothesis and analysis to explore whether respondents are rating and ranking food system interventions based on some set of subjectivities or strategic preferences in addition to their sector-specific understanding of the science alone.

[image: Figure 4]

FIGURE 4
 Distinct theories of change are evident in lever correlations. Network diagrams visualizing correlations among transformation levers for all experts: (a) within lever groups; (b) for the optimization theory of change; (c) for the nature-positive theory of change; (d) for the smallholder theory of change; and (e) for the enabling conditions theory of change. Nodes in (b–e) are shown where factor loading is >0.4 and ties are only visualized for correlations with r > =0.4 and p < 0.01.


To that end, factor analysis identified four factors that explain roughly 50% of the variance in expert rankings of the transformation levers (p < =0.01; Supplementary Table S11). Interpreting these factors by triangulating the statistics with individual survey response records and patterns evident in the one-on-one interviews, we propose that these factors represent four discrete expert subjectivities, or “theories of change” that inform individual expert perceptions about the strategic importance of various food systems interventions (Figures 4b–d).

The four apparent theories of change are: (1) an optimization focus, in which respondents prefer production efficiency-oriented levers such as TECH1 and NRM1; (2) a market enabling conditions focus, in which respondents emphasize coordinated intervention in issues such as trade and finance; (3) a nature-positive focus, in which respondents prefer solutions that emphasize NRM strategies; and, (4) a smallholder focus, in which people specifically focus on transforming food systems through interventions that address and empower smallholders (GOV1), reform land tenure (GOV2), strengthen science and extension (ED1), and increase public awareness of traditional foods (ED4). Interestingly, all theories of change except the nature-positive focus involve levers from at least two or more lever categories (Table 3).



TABLE 3 Our interpretation of the four theories of change that are evident in the factor analysis of respondents’ preferences regarding transformation levers.
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Discussion

The widespread negative sentiment we identify among experts surveyed regarding their countries’ approach and progress toward food system transformation is both troubling and informative. Experts from all countries involved except China are concerned about gaps they see between current efforts and the ambition, strategies, and implementation measures that they believe are necessary to achieve the speed and degree of transformation necessary to meet global climate and biodiversity goals for 2030. A cross-cutting pattern in these concerns is apprehension that current strategies and investments are scoped too narrowly and/or lack coordination. For example, experts in the Netherlands emphasized that without more work on consumer change, including through dietary guidance, the impact of innovations for more sustainable and climate friendly crops and food products will be stalled. In several countries, including Mexico, Pakistan, the US, and South Africa, experts likewise pointed to the challenge of consolidation in food systems as a systemic issue that undermines the potential and impact of innovative change on farms and across the supply chain.

In this regard, our findings align with an increasing recognition in the sustainable food systems literature that transforming food systems requires attention not just to cropping technologies, inputs, and other on farm-innovations, but more broadly to the organizational features and social dimensions of our food systems (Béné, 2022). This includes issues ranging from the length, complexity, and transparency of supply chains to the quality of food and the distribution of wealth, land, and power, and equity among actors (Clapp and Fuchs, 2009; Rotz et al., 2019; Loring and Sanyal, 2021; Van Dooren et al., 2024). Improving production technologies is no doubt important, but focusing on technology alone can cause unintended consequences such as efficiency paradoxes and rebound effects (Loring and Sanyal, 2021; Goulart et al., 2023). Likewise, production innovations, if deployed without attention to existing social needs and circumstances, can create or exacerbate existing problems like farmer and consumer disempowerment (Clapp, 2021; Poelman et al., 2023), or marginalization and dispossession of land and food sovereignty from smallholders (Howard, 2022). Indeed, many have pointed out that the fundamental issues needing transformation in food systems are inherently political and must be addressed as such (Tittonell et al., 2022; Graddy-Lovelace and Roman-Alcalá, 2024).

We also think it is important to highlight the role that power and disempowerment no doubt plays in maintaining and exploiting these transformation gaps in order to maintain the status quo. That is, it would be a mistake to assume that these gaps are just the result of oversights or poor planning; from trade agreements to land and market consolidation and other anti-competitive behavior (Clapp and Fuchs, 2009), the current global food regime is built to be extremely difficult to change. Closing the gaps, thus, is not just about implementing a specific set of innovations, but recognizing that the work of food system transformation is fundamentally about disruption and movement building (Motta, 2021; WWF, 2023).


Articulating our theories of change

Experts in this study are clear in their support for implementing a mix of innovations that are tailored and responsive to multiple aspects of their local food systems. This is not inherently surprising, given the often-stark differences facing Global North and Global South economies and ecosystems. What is surprising, however, is that experts’ rankings do not appear to be influenced by their estimation of the strength or weakness of the science behind each particular lever. Two noteworthy examples stand out: high-tech food production (TECH1) is the second-ranked lever overall for its strength of science, but it only reaches the top 10 for its potential for impact in three countries. And, even in these cases it ranks relatively low compared to several other levers with relatively weaker science rankings. Similarly, finance to support public procurement of sustainable and nutritious food (FIN3) also makes the top ten three times, and overall ranks higher than TECH1, despite having the weakest science rating of all 20 levers.

Even though the strength of the science does not appear to weigh heavily in experts’ preferences for the transformation levers, the majority of experts in our sample did call for more science. Strengthening the science (ED1) was a top-10 lever for all nations except The Netherlands. And, we heard regularly in interviews that there is still a need for breakthroughs in science and technology, on-farm research collaborations, and increased public investment in extension to smallholders, especially in the Global South. So, it is not that experts are saying science does not matter when it comes to setting strategy for food system transformation, but just that it does not, or perhaps should not, determine strategy or prioritization on its own.

Instead, we believe that the data collectively suggest that experts’ rankings are informed by their pre-existing subjectivities or biases--specifically the theory of change they believe will be most effective in their local ecological and sociopolitical context. In research on social psychology and anthropology the four theories of change evident in the data would likely be referred to as “discourses” (Barry and Proops, 1999); we are electing to use the term “theory of change” both because it is a more easily relatable term to people working in this area and also because we believe that theories of change are a specific kind of social discourse that are particularly important to understand in the context of social movements for sustainability and food system transformation. That is to say, these four theories of change are exemplars of the oft-unstated assumptions about the causes of food systems problems and the “right” way to solve them.

No doubt, the four theories of change evident in this work will be easily recognized by those working in food systems, and may be framed as “biases” that different experts have, e.g., toward ecomodernist, degrowth, or anticolonial framings (Thompson, 2017). While they are not necessarily mutually exclusive, they do often align with the opposing camps in long-standing debates over food system reform, for example the debate between land sparing and land sharing (Chappell and LaValle, 2011; Fischer et al., 2014). The so-called “land sparing” philosophy of food system reform, which argues that we need to increase efficiencies and move away from animal proteins to shrink the agricultural footprint and put more land aside for nature, aligns most with ToC1—transformation via optimization. The land-sharing philosophy, by comparison, which argues for transitions to cropping practices that work with natural ecosystems, i.e., agroecology. Aligns mostly with ToC3—nature positive transformation—and ToC2—transformation via smallholder support.

In sum, we see three policy-relevant take-aways of this work. The first is that we offer a look “under the hood” so to speak of the biases that inform expert preferences for food systems interventions. That is, expert knowledge is not only limited to the scope of the experts’ field of study and lifelong experience, but also influenced by prevailing narratives in their country, the field, and the agendas they come to the table with. The politics inherent to these opinions is an undeniable but rarely scrutinized fact, and the stark differences in sentiment among experts from different countries underscores the importance of recognizing how politics infiltrates the science of transformation and the recommendations of scientific experts. Nevertheless, it would be a mistake to interpret these biases that as undermining the validity of expert opinions entirely. Rather, we recommend instead considering the four theories of change identified here as informed assessments that are inherently contextual, likely political, but nevertheless exhibit systems thinking by linking multiple levers in a coherent, shared strategy.

Setting aside for now the possibility that some experts may have responded in a way that reflects political influence or promotes specific special interests, we should expect that expert priorities and preferences will draw from a variety of forms of academic knowledge and practical experience (Davis and Wagner, 2003): not just the science they are aware of but also their knowledge of local history, their sensitivity to political realities, and their commitments to cultural sensitivity and plurality as they make and justify their recommendations. We rely on experts to translate science into practice at the local scale; policymakers and funders must be wary of leaning too heavily on science alone to provide guidance when making decisions. Decisions about our food systems are inherently value-laden, culturally esoteric, and heavily influenced by local ecologies, markets and politics. Given the urgency of challenges like climate change, climate action is at risk of becoming climate colonialism if local agency and the right to self-determination take a second seat to the agendas and priorities of international actors, regardless of how science-based those agendas purport to be (Sultana, 2022).

Another way to interpret the four theories of change is that experts are adopting a holistic, food system perspective rather than focusing on single interventions. As noted in the results section, all but the nature-positive theories of change involve levers from more than one lever category, indicating that experts see these strategies as multifaceted. More conversation and research are necessary to explore whether experts working from a nature-positive theory of change could do more to explicitly incorporate the complementary role of interventions in other categories (Table 3).

Next, our work highlights the importance of developing multi-stakeholder collaborations and interdisciplinary assessments of potential food systems interventions. Navigating differences among experts who start from different theories of change can be challenging but also offers opportunities for developing strategies that bring multiple solutions and ways of knowing to bear. To reconcile differing theories of change, it is crucial to create inclusive and interdisciplinary platforms that facilitate continuous dialogue and collaboration among outside experts and expert stakeholders. These could include committees or working groups that include representatives from different sectors (e.g., smallholders, industry leaders, scientists, policymakers, civil society, and so on). And to facilitate learning and growth, the goal of such collaborations should be not to identify a single “best” solution but flexible portfolios of strategies that accommodate multiple theories of change to promote multiple objectives or co-benefits simultaneously. This could include the use of adaptive management, which involves ongoing monitoring, evaluation, and adjustment of policies based on feedback and changing conditions.

Third, there are still many opportunities to strengthen the scientific basis for decision-making and encourage cross-sectoral research to bridge gaps between different theories of change. Building evidence can build consensus; several transformation levers that are ranked high by experts were ranked as having weak science, specifically finance and education levers. These two categories of levers are critical from a systems-change perspective, in that they target deeper and ostensibly harder to change features of the system that, if changed, could accelerate progress toward positive tipping points (Abson et al., 2017). Promoting the use of robust, evidence-based assessments to highlight the benefits and trade-offs of different approaches can contribute to a shared, data-driven understanding, help align rightsholders and stakeholders around common goals, and perhaps even facilitate greater consensus on the most effective strategies. But we also caution that that attention to science evidence is not a substitute for addressing the power inequities that are arguably at the root of the many global challenges we wish to redress.

We are amid a paradigm shift in how society thinks about the relationships among food, technology, and development. Prevailing wisdom about how best to remake and reimagine food systems is still heavily anchored to old ways of thinking about food problems and their solutions, that is, in terms of production, technology, and efficiency. We believe that the expert sentiments and preferences we elicited in this research paint a portrait of experts actively trying to adopt a more systems-oriented perspective, attempting to bring local contextual wisdom and experience into conversations that historically have been dominated by science and technologies that are a-contextual. Importantly, this reframing also introduces new and sometimes conflicting normative positions related to human behavior, human rights, and economic development. We believe these messy aspects of food system transformation are unavoidable, and hope by unpacking them here we have opened a conversation about how to navigate this messiness in practice.



Limitations

We did not undertake this study to identify generalizable statements about the current state of attitudes or perceptions of all food systems experts working in these eight nations, but to find insights that can inform how we understand larger patterns of thinking and conflict in discussions around food systems transformation. The four theories of change presented here, for example, are not comprehensive of all possible theories of change that might be influencing experts’ preferences and opinions. However, the finding that expert subjectivities are heavily informed by one or more theories of change of the nature of the four identified here is an important and generalizable finding. We did not attempt, given that our design and sampling strategy would not support such questions, explore whether the likelihood of an expert thinking with a specific theory of change correlates with their characteristics, i.e., sector, gender, country, and recommend this for future research.

Other possible limitations to our findings could derive from misunderstandings or differences in understandings of terms and jargon. By opting to not define terms for the reasons noted in the methods, and because the survey was also performed in translation, there is a possibility that some respondents answered and ranked transformation levers with different kinds of interventions in mind. However, given the steps we took in our one-on-one interviews to calibrate our interpretation of the survey results we believe that this risk is minimal. Another limitation is that the previous selection of the 20 chosen transformation levers from the 42 initially identified by Hawkes and colleagues may be missing levers that are important in specific locales. The subset of the 20 was vetted and refined through community input in previous work by members of our writing team, but could nevertheless carry institutional or place-based biases regarding the appropriate logic or scale of strategies (WWF, 2022). For example, these are all country-level interventions, and in social movements, action by local and trans-local communities of practice can also be important and effective (Motta, 2021; Amo, 2023). This is why, above, we concede that the four theories of change we identify here are not comprehensive to all possible theories of change; many of them also leave a lot unsaid about how they disrupt or reinforce inequities and power dynamics. Understanding food systems change from a multi-level perspective and bringing in concepts from political ecology related to activism, alterity, and power, is critical as we continue to explore how best to envision and achieve food systems that ethical, sustainable, and just.
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Category Abbreviation Descripti

Natural Resource NRMI Use all agricultural lands to their maximum potential, including using existing agricultural land to feed humans and
Management optimizing crop yields on these lands through better food production practices that more effciently use water and
fertilizers, reducing pollution from chemical inputs, preserving ecosystem functions, and contributing to resilient
landscapes.
NRM2 Develop and implement food production practices that restore biodiversity in active food producing lands/waters and

restore less productive areas to natural habitat for biodiversity conservation.

NRM3 Develop and implement food production and blue foods management practices that increase carbon stores in both

below- and above-ground biomass and blue carbon.

NRM4 Support the production and consumption of  diversity of terrestrial and aqu:

foods and protein sources (e.g..

legumes, nuts and nu

ereals) through agrobiodiverse systems including agroecology and regenerative agriculture.

Governance Govi Redesign development and extension programmes to all farmers/fishers, including women, to provide financial
assistance, and develop new business models,infrastructure, and agricultural assets to grow/catch nutrtious and
sustainable, traditional foods and access markets,

Gov2 Improve land tenure rights and develop actions that encourage collective ownership and indigenous land rights.

Govs Coordinate and strengthen national-level commitments and implementation on shifting to healthy diets, reducing
food loss and waste, and scaling nature-positive food production.

Gov4 Support multi-stakeholder collaboration using a multi-level and participatory approach for addressing interrelated
issues across economic, social and environmental dimensions.

Education and EDI Strengthen the science of healthy and sustainable food production and increase research and development
Research opportunities with food producers, and domestic universities, to expand nature-positive practices that support
production of healthy foods.

ED2 Improve data collection and measurement of current behaviours, environmental impacts and progress of national-level
commitments contributing to international health, climate and biodiversity targets

ED3 Launch engaging and compelling communication and behaviour change campaigns about healthy and sustainable
cating and reducing food loss and waste.

ED4 Promote healthy, sustainable and traditional food cultures associated with good nutrition by supporting and protecting
healthy and traditional foods and protein sources (e.g,legumes, nuts and nutri-cereals), providing information about
healthy and traditional dishes and protein sources, and through public awareness campaigns

Technology TECH1 Adopt high-tech nature-positive food production methods such as the sustainable use of non-conventional water
sources and controlled environments for food production, and precision and digital agriculture technologies.

TECH2 Develop innovative infrastructure and post-harvest storage technologies, packaging, and processing techniques for

nutritious foods to reduce loss and waste of nutritious foods.

TECH3 Develop and promote healthy alternative protein sources such as plant-based and cell-based meat alternatives that are

high in nutritional value.

Trade TRADEI Design trade policies to prioritize the supply of nutritious foods over those that have large negative impacts for the

environment and human health.

TRADE2 Develop trade policies (e.g.,deforestation- and conversion-free) that support nature-positive food production, such as

trade agreements and traceability tools, and changes in markets

Finance FINL Redirect agri-food subsidies from harmful production practices and increase de-risking investments to increase

nature-positive production of nutritious foods.
FIN2 Finance school food and public procurement programs that promote and enable healthy and sustainable foods.

The 20 “transformation levers” used in this research described and organized by category.
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Gap Examples

Ambition Gaps + Lackof political will for dramatic change to

production systems

Lack of political will to push for consumer changes

Favoring production and effciency issues over

social issues.

Ambivalence towards agro-ecological solutions

Favoring high-tech over low-tech solutions

Strategy Gaps

Lack of government leadership

Inconsistent priorites of government programs

Toolittle focus on demand side and food

consumption patterns

Limited, incremental approaches towards
regenerative systems

Over-reliance on industrial agriculture and

non-food crops

Need to value and pay for on-farm ecosystem services

Paucity of emphasis on education and international
development

Implementation Gaps

Insufficient policy support

Lack of coordination and mismanagement

of resources

Inadequate monitoring and evaluation systems

Inadequate government incentives and subsidies

Administrative turnover

Corruption and other governance failures

ted funding and resources for small-scale farmers.

Inadequate extension scrvices for small-scale farmers
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Theory of change  Description Dominant levers

Optimization “This theory of change emphasizes developing new technologies and practices that increase efficiency and | NRM1, TECHI, TECH2
productivity of existing cropping systems and supply chains, with the goal generally being to reduce the
overall footprint of agriculture.

Smallholder support “This theory of change emphasizes transforming food systems by supporting smallholder agency, rights, GOV, GOV2, ED1, ED4
and self-determination, including through extension, science, and support for traditional food cultures

Nature positive This theory of change emphasizes on-farm practices that enhance wild biodiversity, carbon sequestration, = NRM2, NRM3, NRM4
and promote agrobiodiversity

Enabling conditions “This theory of change emphasizes markets, financial strategies, and trade policies that create conditions ‘TRADE1, TRADE2, FIN1, FIN2,
that enable food systems actors, from farmers to consumer, to adopt new practices. FIN3

See Table 1 for explanation of lever abbreviations.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Theories of change: navigating diverse expert perceptions and preferences for global food system transformation



		Main text



		Methods



		Results



		Expert sentiment and concerns



		Lever rankings by potential impact and strength of the science



		Inferring expert subjectivities









		Discussion



		Articulating our theories of change



		Limitations









		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fsufs-08-1479865-g001.jpg
Gaps Limiting Progress
toward Food System
Transformation by
2030

Implementation

Gap
‘ Implementation

Ambition ) i
« Partnering appropriately,
Gap ‘ aligning policy, and
Strategy resourcing solutions
+TokingaloEtans sufficiently
approach and pullingthe
Ambition highestimpact levers to
achieve systemic change
« Setting goals
sufficient for meeting
needs while staying
within planetary
boundaries

Strategy
Gap





OPS/images/fsufs-08-1479865-g002.jpg
Strong Negative (1) o Strong Positive (5)

Expert Sentiment Index

? cowty

Ll

ad

% Respondents

Confidence in Current Initiatives - China

Confidence in Current Initiatives - Excluding

China

= Lt el _all
= |l|-| = |

OnTrackio2030






OPS/images/cover.jpg
& frontiers | Frontiers in Sustainable Food Systems

Theories of change: navigating
diverse expert perceptions and
preferences for global food
system transformation












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’ frontiers Frontiers in Sustainable Food Systems






