
 

 

ABSTRACT 
GEORGE, DALTON ROBERT. Applying Principles of Responsible Innovation in Conservation 
and Agriculture: Novel Frameworks and Methodologies for Emerging and Established 
Technologies.  
 
 This dissertation engages with theories of responsible research and innovation through 

investigations of anticipating and responding to challenges associated with emerging and 

established technologies in conservation and agriculture.  The goal is to contribute knowledge to 

different empirical perspectives on the social mechanisms that support inclusiveness and 

collective responsibility in processes of innovation. The chapters of this dissertation are written 

to provide insights for the specific case examples of deliberative engagement around emerging 

technology, and collective response to pesticide resistance management challenges. Broader 

theoretical contributions to responsible innovation are present, but less explicit in the chapters 

themselves. Therefore, readers are encouraged to also view this work as methods to investigate 

the social circumstances that surround technological innovation pathways to highlight 

opportunities for enabling more responsible outcomes.  

In Chapter 2, I analyze deliberation as a process for effective public engagement, and 

explore a novel conceptual framework to improve deliberative structures for upstream 

stakeholder engagement with emerging technologies. Drawing upon experiences with two cases 

of stakeholder workshops on emerging environmental biotechnology, I first point out that 

deliberation can be problematic for engagement on emerging technologies when it is directed at 

generating decisive knowledge and outcomes. Upstream engagement is directed at anticipating 

risks, uncertainties, and potential outcomes of emerging technology, so I propose a generative 

framework for structuring deliberation that engages socially robust knowledge as an alternative 

to consensus-making. I synthesize this conceptual framework from STS literature and political 

theory focused on anticipation, socially robust knowledge, deliberative governance, and public 

engagement to synthesize this conceptual framework.  

In Chapter 3, I investigate the networks of social relations mediate information and 

knowledge exchange on herbicide and insecticide resistance management between different 

agricultural stakeholders in eastern North Carolina. Translation and adoption of knowledge for 

resistance management has been frequently cited as a problem for implementing best practices at 

the farm scale. Cooperative management has been proposed as a potential solution for more 



 

 

effective knowledge translation and adoption, but relies on key factors like social capital and 

social learning that are not well understood in some local crop production systems. I 

operationalize an agricultural innovation systems framework to understand how these factors 

mediate knowledge  in the personal networks of stakeholders, and investigate the potential for 

collective action. Drawing upon a qualitative analysis of personal network ties and interview 

data, I find that there is clear potential for collective action through social learning opportunities 

and building social capital between different stakeholder groups, but is hindered by the lack of 

communication and trust between other stakeholder groups.  

In Chapter 4, I again draw upon the case of pesticide resistance management in eastern 

North Carolina to specifically focus on the perspectives and attitudes of growers and extension 

agents on problems they face with pesticide technologies and the social coordination of 

management practices. I utilize qualitative analysis on data collected from interviews with local 

stakeholders to understand how different stakeholders perceive those problems, and how those 

perspectives might impact future responses to local pesticide resistance challenges. Insights 

drawn from this study point towards several important thematic trends regarding stakeholders 

outlooks on the effectiveness of current pesticide technologies, and avenues towards the adoption 

of potential alternative management practices. As an exploratory analysis, this chapter utilizes its 

findings to suggest future research on the thematic trends detected in this study, and on the social 

conditions surrounding pesticide resistance challenges in the case context. 
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Chapter 1: Studying Social Mechanisms of Responsible 
Innovation in Conservation and Agriculture: 

Opportunities for Deliberative Engagement, Collective 
Action, and Co-production  

Introduction  

 Responsible innovation (RI) is a set of principles and practices for guiding technological 

innovation pathways in the twenty-first century. Born out of the recognition that society creates 

harmful cycles of lock-in (Collingridge, 1980) with “risky technologies” (Beck, 1997), 

responsible innovation proposes to reframe innovation itself as a “collective activity” that 

responds to the needs, values, and concerns of broader social groups in society (Owen et al, 

2012). The framework proposes four dimensions meant to guide the shift from top down, 

technocratic models of governance (Gunnel, 1992) to more democratic frameworks of 

innovation. Each dimension impacts innovation pathways in a particular way: 1) anticipation to 

imagine possibilities for technology, and forecast potential risks, uncertainties, and broad public 

concerns for technology; 2) inclusion of broader publics to enhance legitimacy and public 

acceptance by incorporating diverse insights and values; 3) reflexivity to question framings and 

roles of different actors in innovation; and 4) responsiveness to adjust and shift practices of 

innovation in response to negative outcomes (Stilgoe et al, 2013). Scholars have attempted to 

incorporate these principles into governance mechanisms surrounding emerging technologies 

(Fraaije & Flipse, 2019 ; Delborne et al, 2018 ; Stilgoe, 2016) to produce more equitable 

outcomes across social, environmental, and economic impacts for different stakeholders (Taebi 

et al, 2014 ; Owen et al, 2012).  

Discourse on the four dimensions travels well in some academic and policy circles, but 

encounters serious challenges when translated into real-world contexts (Kuzma & Roberts, 

2018). Limitations are anchored in two major practical challenges for responsible innovation as 

1) an inclusive future-creating activity through anticipation and 2) as a process of building 

accountability for the future it helps create through responsiveness (van de Poel & Sand, 2021 ; 

Grinbaum & Grovers, 2013). First, inclusive visions of the future require the input of diverse 

values and knowledge into assessments of technological pathways. This necessitates a clear 

understanding of questions like “which publics?” and “whose values and knowledge?” (Taebi et 
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al, 2014) that are also at the heart of challenges to effective public engagement (Chilvers & 

Kearnes, 2020 ; Marschalek, 2017 ; Wynne, 2007). In the context of anticipation this inclusion 

challenge translates to power and equity questions around who gets invited to imagine future 

pathways, risks, and rewards of emerging technology (Alvial-Palavancino, 2019 ; Adams et al, 

2009 ; Jasanoff, 2016) and how best to recruit and engage different stakeholders around complex 

questions of governance (da Silva et al, 2019). Accountability for the future impacts of 

technological innovation is also a serious practical challenge for responsible innovation. At the 

core of this challenge are theoretical reflections about the nature of responsibility, and its 

relationship to how different stakeholders are set up to respond to the consequences of 

technological innovation (van de Poel & Sand, 2021 ; Grinbaum & Grovers, 2013 ; Campos et 

al, 2017). Some scholars suggest that it is not correct to position accountability solely as the 

purview of innovators given that the “moral community” engaging in innovation pathways is a 

much broader collective of stakeholders (van de Poel & Sand, 2021). Innovators may account for 

the “moral authorship” on powerful technologies (van de Poel & Sand, 2021), but the question of 

collective responsibility for the consequences of technological innovation is largely left 

unanswered by theories of responsible innovation, and therefore risks a lack of effective action in 

response to consequences (Grinbaum & Groves, 2013).  

For the purposes of this dissertation, the theoretical backdrop on challenges to 

inclusiveness and accountability present opportunities to conduct work that enhances responsible 

innovation, and contribute knowledge to different empirical perspectives on the social 

mechanisms that support inclusiveness and collective responsibility in processes of 

innovation. The chapters of this dissertation are written to provide insights for the specific case 

examples at the center of analysis. Broader theoretical contributions to responsible innovation 

are present, but less explicit in the chapters themselves. Therefore, readers are encouraged to also 

view this work as methods to investigate the social circumstances that surround 

technological innovation pathways to highlight opportunities for enabling more responsible 

outcomes.  

To that end, this dissertation work focuses on studying mechanisms and capacity for 

deliberation, collective action, and co-production in development and deployment of two 

different cases of biotechnology. Deliberation, as a concept that crosses over from political 

theory to STS literature on engagement, is a key mechanism for stakeholder engagement on 
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emerging technology (Van Bouwel & Van Oudheusden, 2017 ; Jong et al, 2016 ; Dryzek & 

Tucker, 2008). This dissertation explores how deliberation can be structured to enhance inclusive 

knowledge production and produce “socially robust” (Nowotny, 2003) outcomes for anticipating 

complexities with emerging technologies. Collective action, a concept borrowed from 

environmental and natural resource literatures (Barnaud et al, 2018 ; Lubell et al, 2002 ; Ostrom, 

1990), takes root in this dissertation as a mechanism to organize and facilitate collective 

responses to latent consequences of pesticide technologies such as agrichemicals and genetically 

engineered crops. Integral to these mechanisms are factors related to social learning (Reed et al, 

2010) and social capital (Cofre-Bravo, 2019 ; Clark, 2011) that anchor collective responsibility 

in networks of trusting, reciprocal relationships within a community. Co-production, a concept 

borrowed from science, technology, and society (Jasanoff, 1990 ; Latour & Woolgar, 1979) and 

literature on sustainability (Miller & Wyborn, 2019) is deployed as both a method to frame the 

challenges created by established pesticide-based management regimes and as a method to 

support a shift to alternative responses. Integral to framing challenges and supporting alternatives 

are stakeholder experiences and perspectives on the usage and impacts of utilizing pesticide 

technologies, and outlining support for alternatives that can inform future institutional responses. 

Chapters 2-4 address the themes outlined above. Each was written in preparation to 

submit individually to a peer-reviewed journal. The following sections summarize each chapter’s 

questions, methods, and contributions.   

Chapter 2 Summary: Generative Deliberation for Emerging Technologies  

 Deliberation is an important concept for structuring public and stakeholder engagement 

around emerging science and technology. Traditionally, deliberation in public engagement is 

designed as a structured dialogue that enables consensus-building and decision making (Van 

Bouwel & Van Oudheusden 2017 ; Dryzek & Tucker, 2008). However, upstream engagement 

around emerging technologies focused on consensus-building is challenged by the time 

constraints of most engagement exercises, and the position of upstream engagement in the larger 

deliberative system as part of broader processes of anticipation (Macnagthen, 2021, 2017). A 

more successful approach to deploying deliberation in upstream engagement would be to set 

aside explicit consensus-building objectives, and focus on exploring complex questions and 

generating possibilities for technology. Integral to this approach are principles anchored in a 
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minimalist definition of deliberation (Mansbridge, 2015), which supports inclusive, reciprocal 

dialogue and activating a diversity of knowledge through collective thinking (Hendriks, 2009). 

This “generative” mode of deliberation could more actively engage reflexivity, knowledge 

pooling, and social learning between participants while also building a foundation of socially 

robust knowledge to be used in future democratic decision making.  

This chapter proposes a preliminary framework for conceptualizing generative 

deliberation as an ideal form of deliberative engagement for the purposes of anticipation. First, 

the conceptual features of generative deliberative process are synthesized from scholarship on 

theories of democratic deliberation, and studies from the field of science, technology, and society 

that analyze deliberative engagement in the context of emerging science and technology. Second, 

a narrative case study analysis is applied to two stakeholder workshops held at North Carolina 

State University to explore the conceptual features of this framework. Results highlight the 

examples of discussion structures, outputs, and participant experiences that demonstrate 

generative deliberation. Data also highlights some challenges for effective generative 

deliberation, and suggests insights for how engagement practitioners and researchers might 

address these challenges. In conclusion, this chapter argues that generative deliberation is a 

useful tool for anticipation to contribute to socially robust knowledge (Nowotny, 2003), and 

advocates for its continued development and application as a design concept for upstream 

deliberative engagement with emerging technology. 

Chapter 3 Summary: Exploring stakeholder information and knowledge exchange on pest 

resistance management: A qualitative network approach 

Herbicide and insecticide resistance is an increasingly serious cooperative management 

challenge in modern agricultural systems (Gould et al, 2018). Some of the most significant 

barriers for implementing effective landscape resistance management practices are social 

challenges associated with exchanging and translating information and knowledge into practices 

at the local level (Ervin & Jussaume, 2014). Some authors propose solutions that draw upon 

local networks of stakeholders to build collective management practices around cooperation 

between different stakeholders (Ervin and Frisvold, 2017 ; Asmus & Schroeder, 2016). However, 

few adoption studies have investigated local networks of social relations as a factor in translation 

and adoption of resistance management information and knowledge. Social networks with low 
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levels of social capital, and a lack of social learning interactions between different stakeholders 

could struggle to develop and adopt collective approaches to managing resistance. This chapter 

adopts a qualitative network analysis (Wutich et al, 2020 ; Hollstein & Carrington, 2014 ; Prell et 

al, 2009) under an agricultural innovation systems framework (Klerkx et al, 2012 ; Klerkx et al, 

2010 ; Hall, 2003) to investigate the social landscape that governs the translation and adoption of 

resistance management knowledge and practices. The analytic objective is to explore how social 

learning and social capital operate within these networks and generate insights on the potential 

for future collective action through cooperative approaches to pesticide resistance management 

(Evans et al, 2018).  

The analysis in this chapter draws upon network-generating questionnaires and 

qualitative interviews to analyze three factors: 1) social learning in the form of awareness and 

advocacy for different resistance management practices between different stakeholders, 2) social 

capital from perceptions on the knowledgeability, trust, and applicability of information shared 

across different forms of expertise, and 3) perceptions on how relationships between different 

stakeholders affect decision making and cooperation on resistance management. Network results 

demonstrate the potential for social learning and high levels of social capital in the connectivity 

between different sources of expertise, with information and knowledge exchange grounded in 

reciprocal, trust-backed interactions. However, the absence of connections between stakeholders 

within the grower community and stakeholders from industry and extension indicate some 

potential barriers for future cooperation. The chapter concludes by suggesting further avenues for 

studies utilizing an agricultural innovations systems perspective and qualitative network 

methodology in the context of resistance management innovation.  

Chapter 4 Summary: Stakeholder perspectives on pesticide resistance: Challenges and 
insights for social coordination, decision making, and future management   

Pesticide resistance presents a multifaceted challenge to many agricultural systems. The 

waning efficacy of pesticide technologies (Gaines et al, 2021 ; Jorgenson et al, 2018), lock-in to 

pesticide based management practices (Bakker et al, 2020 ; Cowan & Gunby, 1996), and lack of 

social coordination in responses to the evolution of pesticide resistance (Bagavathiannan et al, 

2019 ;  Shroeder et al, 2018) subject local stakeholders and their crop production systems to 

increasingly challenging circumstances. These challenges have led some scholars to intensify 

their calls for a transition to alternative solutions that offer more integrated approaches to 



 

6 

managing pests and pesticide resistance (Deguine et al, 2021 ; Anderson et al, 2019 ;  Dentzman 

& Jussaume 2017 ;  Ekstrom & Ekbom, 2011). However, not much is known about how local 

stakeholders view current challenges related to pesticide resistance, and if calls for a transition to 

alternative solutions align with those perspectives. This chapter reports results of a qualitative 

study on stakeholder perceptions and attitudes on the challenges of pesticide resistance 

management. The analysis draws upon qualitative interview data and a thematic coding method 

to explore stakeholder perspectives on the challenges related to utilizing pesticide technologies 

and pesticide resistance management practices, and how these perspectives are shaped by local 

socio-economic complexities.  

Chapter findings point to several important themes that have implications for future 

stakeholder decision making on pesticide technologies and resistance management practices, as 

well as the potential to implement non-pesticide based alternatives. Those themes include: 1) the 

emergence of techno-pessimism as a critical attitude towards the effectiveness of pesticide 

technologies; 2) the variable effects of economic limitations on ideal resistance management in 

local contexts; 3) the effects of lived experience on pesticide resistance knowledge adoption; 4) 

the framing of co-benefits as an avenue to promote pesticide resistance knowledge; 5) the 

prevalence and effects of competitive communication; and 6) the importance of on-farm research 

to generate opportunities for knowledge co-production between growers and extension. The 

chapter concludes by outlining some possible interventions that are specific to the local case 

context of Eastern North Carolina. 

 

Conclusion 

In summary, the different chapters contribute an array of empirical perspectives on the 

social mechanisms that underwrite the innovation process, and opportunities to improve on the 

practices of responsible innovation. Future engagement scholarship can benefit from considering 

the normative principles of generative deliberation as a more explicit framework for anticipatory 

engagement. Inclusion and reflexivity are important aspects of this framework, as they 

underwrite the contribution to socially robust knowledge that generative deliberation aims 

toward. Chapters two and three approach pesticide resistance management as a responsiveness 

challenge, and highlight how networks and perspectives of local stakeholders are important to 

facilitating responses to pesticide resistance within an agricultural innovation system.  
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Chapter 2: Generative Deliberation for Emerging 
Technologies 

Rethinking a Deliberative Workshop  

  At North Carolina State University in early 2018, we had been working for weeks to 

design a deliberative engagement exercise focused on the Genetically Engineered American 

Chestnut (GEAC) tree. Our idea for the workshop was to bring together different stakeholders 

involved with GEAC restoration together to perform a specific anticipatory task. As a central 

dimension of responsible innovation, anticipation broadly refers social processes intended to 

investigate the risks, uncertainties, and complex challenges of emerging technologies, and 

forecast potential outcomes and impacts of different approaches to development and 

implementation (Alvial-Palavicino, 2016 ; Stilgoe et al, 2013 ; Adams et al, 2009). The core of 

our anticipatory exercise was designed as a series of structured dialogues focused on imagining 

and outlining scenarios for future public engagement with GEAC restoration. Deliberation took 

place through a day and a half of iterative sessions on several complex topics relevant to public 

engagement and decision making around the GEAC. However, to get to scenario design, 

stakeholders first had to build capacity to talk through complexities about principles of public 

engagement, its relevance for the GEAC, and how it might be realized in practice. That capacity 

building took up a lot of time, and ultimately did not result in the scenarios we had intended to 

produce.  

Initially, we saw our workshop as a failure and set out to analyze our discussion data to 

understand the shortcomings of our design approach. We observed that our deliberative 

discussions did not incentivize stakeholders to come to an agreement on criteria for public 

engagement, but rather to focus on listening and learning from each other's values, interests, and 

perspectives on diverse topics surrounding the question of public engagement. We observed that 

by the end of the workshop our stakeholders demonstrated important capacities for collective 

thought, but not necessarily collective agreement. We used these observations to reflect on our 

design choices and the things we could have done differently to ensure that the intended 

outcomes came to fruition. However, this reflective process produced further questions, and 

made us reconsider if it was appropriate to label the workshop as a “failure”. If we had focused 

on generating collective agreement, and decisive criteria for public engagement scenarios, would 
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our outputs have reflected the rich array of perspectives, questions, knowledges, values, and 

interests that came out of the workshop space? Would the stakeholders involved have had the 

opportunity to learn as much as they did if our workshop had been more decisive, and less 

exploratory? Was our objective to build decisive criteria for public engagement too premature, 

given the current levels of uncertainty surrounding the transgenic American chestnut? We started 

to think that perhaps our intervention was valuable, but not for the reasons that we had initially 

intended.  

 The experience of the GEAC workshop led us to think critically about the nature of 

deliberative engagement, its design features, and how we chose to value certain deliberative 

outputs over others. We concluded that our goal as researchers to build consensus around options 

for public engagement obscured the importance of the other outputs that came out of our 

workshop. By expanding our perspective, we began to see the value of our non-consensus based 

outputs for us as researchers, the stakeholders involved in the workshop space, and for 

anticipating possibilities for transgenic American chestnut restoration. This reflective process 

created the impetus for this paper and the questions that would guide our re-analysis of our 

workshop outputs: how might engagement scholars and practitioners focused on emerging 

science and technology better design deliberative engagement exercises aimed at non-consensus 

based objectives, and what are the value of those outcomes?  

In response to this question, we offer a theoretical complement to conceptualizations of 

deliberation as a decisive intervention which we refer to as generative deliberation. Our goal is 

to develop a more explicit conceptual framework for deliberative engagement not geared towards 

consensus-building or decision making, but focused on the generation of socially robust 

knowledge. The novel aspect of this framework for deliberative engagement is to prioritize open, 

inclusive, and reflexive dialogue in the pursuit of “collective thinking” (Hendriks, 2009) as 

opposed to more narrow structures of dialogue that support actions of consensus-building (Van 

Bouwel & Van Oudheusden, 2017). Features such as reflexivity, recognition, respect, and social 

learning that are often considered secondary goals or preliminary conditions for decision-

oriented deliberation (Mansbridge, 2015) become the main features of generative deliberation. 

We will argue that when applied as a tool for engaging stakeholders in the anticipation of 

emerging technologies, deliberative engagement offers advantages as a generative process for 

exploring possibilities and building socially robust knowledge. 
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In the following sections, we draw upon the work of STS scholars and political theorists 

to conceptualize generative deliberation and its relevance for anticipatory engagement exercises. 

We first background the relationship between anticipation and socially robust knowledge to 

show how these concepts are interlinked, and their importance in upstream engagement exercise. 

We then discuss how certain elements of deliberative processes could be problematic for 

anticipatory engagement, and what a more promising relationship between deliberation and 

upstream engagement could look like. We propose a conceptual framework of generative 

deliberation to properly contextualize engagement activities aimed at anticipatory interventions. 

We argue that in the larger context of decision making around emerging technologies, generative 

deliberation is useful for building socially robust knowledge and engaging stakeholders in the 

process of anticipation. We then explore some of these features empirically by engaging a 

retroactive analysis of two stakeholder workshops focused on emerging biotechnology: the 

aforementioned genetically engineered American chestnut (GEAC) workshop and a second 

workshop focused on the gene drive mouse (GDM) for island conservation. Workshop data is 

used to illustrate generative features “in action” and point out specific challenges observed 

across the workshops that are relevant for future engagement practices.  

Deliberative Engagement, Anticipation, and Socially Robust Knowledge   

Traditional frameworks conceptualize deliberative discussion according to a specific set 

of criteria that enables the “weighing of reasons relevant to a decision with a view to making a 

decision on the basis of that weighing” (Cohen, 2007). The goal is to reach a decisive endpoint – 

e.g. a course of action, a set of criteria or recommendations, etc – via a process of narrowing 

down potential options and arriving at a decision that is binding to all parties involved (Dryzek, 

2009 ; Gutmann & Thompson, 2004). Outputs are meant to represent best arguments and reasons 

(Dryzek, 2002) that result from an exchange between free and equal participants (Nieyermeyer, 

2008 ; Anderson & Loftgar, 2014), otherwise known as a rationally-motivated consensus 

(Goodin, 2018 ; Habermas, 1993 ; Cohen, 1989). Some scholars consider a rationally motivated 

consensus as the “gold standard” of political justification for taking action or making decisions 

(Dryzek and Niemeyer, 2006), and therefore the most desirable output can result from 

deliberation. Others go even further to suggest that consensus-building should always be the 

central aim of deliberative practice (Cohen 1989; Dryzek, 2000 ; Steenbergen et al, 2003) even if 



 

16 

it is not always achieved (Goodin, 2018). From this perspective, deliberation that strays too far 

from consensus-making runs the risk of becoming a “fractious struggle to strike a deal 

underwritten more by pragmatism than reason” (Goodin, 2018, pg 6). 

This can make deliberation somewhat problematic for upstream public engagement 

around emerging technologies. Most deliberative processes don’t happen within the same 

timeframe as most engagement exercises. Deliberative process extends across longer timeframes 

and into multiple venues in society. This idea of a “deliberative system” (Mansbridge et al, 2012) 

situates deliberative process across multiple social contexts that are interdependent of one 

another when it comes to building legitimacy for political decision making. Discussions in 

popular media, halls of government, and other public forums all constitute contexts of 

deliberation from a systematic perspective. Upstream public engagement exercises, on the other 

hand, are often one-off events that gather a specific, invited group of participants into structured 

deliberative dialogue. Consensus-making in this context is hard to achieve given limited time 

constraints and participant representation (Van Bouwel & Van Oudheusden, 2017 ; Sanders, 

1997). In addition, scholars from science and technology studies have pointed out that 

consensus-based public engagement tends to reinforce power and authority of formal experts and 

delegitimize dissenting perspectives (Valkenburg, 2020), thereby working against democratic 

goals of participation.    

Another way to structure public engagement around deliberation is through the lens of 

anticipation. Anticipation is an important conceptual dimension of responsible research and 

innovation that broadly refers to social processes that investigate risks, uncertainties, and 

complex challenges of emerging technologies. Researchers have identified ways anticipation can 

be structured into formalized systems of governance around emerging technology (Guston, 2013 

; Guston et al, 2005) and extended into models of public engagement exercises (Macnaghten 

2021, 2017 ; Chilvers & Kearnes, 2020). Researchers propose that anticipatory engagement 

exercises (Macnagthen, 2021) and similar processes of anticipatory reflection (Chilvers & 

Kearnes, 2021) and social appraisal (Stirling et al, 2018 ; Stirling, 2008) bring more diverse 

perspectives into conversations about the complexities surrounding emerging science and 

technology which can strengthen outcomes of anticipation (Macnaghten et al, 2017).  

An important outcome of anticipation is its engagement with socially robust knowledge. 

Socially robust knowledge is a concept that extends legitimacy to knowledge forms that exist 
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outside of an inner circle of purely technical experts to build a more “pluralistic expertise” 

(Nowotny, 2003) around questions of science and technology. Knowledge is considered to be 

socially robust if its legitimacy is reflected in the experiences, perspectives, and ideas from the 

diverse actors and institutions that develop, implement, and are affected by emerging 

technologies, and brings all of these relevant experiences and knowledge to bear on questions of 

governance (Sedijer et al, 2016 ; Weischelgartner & Truffer, 2015 ; Guston, 2005). Anticipation 

engages socially robust knowledge through its capacity to bring together multiple forms of 

knowledge around issues in emerging technology, especially when it comes to the negotiation of 

specific visions and expectations for technology (Alvial-Palavicino, 2016). Socially robust 

knowledge therefore stems from the spaces where different social, cultural, economic, and 

political perspectives collectively consider scientific knowledge, but not necessarily spaces 

where knowledge is agreed upon (Nowotny, 2003).  

Socially robust knowledge is not considered a specific type of product that one can 

identify and measure with quantified accuracy. Instead it's a process by which knowledge is 

extended beyond the laboratories and formal experts who initially constructed it, and is validated 

and legitimized by multiple different social groups which can include other experts, users, or 

members of the public. Importantly, social robustness as a concept is a very relational term and 

has no quantifiable standard of what is in fact considered socially robust knowledge. At a 

minimum, social robustness is the degree to which knowledge has been distributed, expanded, 

and modified “out of the lab” and continues to persist across diverse social environments 

(Nowotny, 2003). The scope of this process of “extension” is to engage an iterative process of 

modifying the usability of knowledge according to different social, economic, and political 

viewpoints. In doing so, the potential to generate multiple framings, valuations, and solutions for 

different problems increases over time (Nowotny, 2003). 

We see an important role for deliberative processes to engage socially robust knowledge 

in anticipatory engagement, but not as a consensus-making process. As a process of extension 

and expansion (Nowotny, 2003), the building of pluralistic expertise does not lend itself to 

consensus-building, which is a process of narrowing. However, the “weighing of reasons” 

(Cohen, 2007) and consideration of arguments are extremely relevant for legitimizing knowledge 

in the eyes of diverse stakeholders. A different format for a meaningful deliberative process is 

needed to envision how anticipation can be effectively facilitated in engagement exercises.  
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The Minimalist Definition of Deliberation   

Deliberation’s value is traditionally anchored in consensus-building, but it offers promise 

as a tool for anticipatory engagement activities designed to build socially robust knowledge. To 

understand how, one must first broaden the definition and purpose of what is considered 

meaningful deliberation. For example, Mansbridge (2015) has proposed a “minimalist 

definition” for conceptualizing deliberation and describes the deliberative process as “mutual 

communication that involves the weighing and reflecting on preferences, values, and interests 

regarding matters of common concern” (Mansbridge, 2015). This definition does not attach the 

value or success of deliberation explicitly to consensus-building or decision making, but rather 

the process and attributes of meaningful reflexive dialogue.  

There are three specific attributes that Mansbridge (2015) highlights as part of 

meaningful deliberation: mutual communication, reflection, and matters of concern. Mutual 

communication refers specifically to two-way communication between participants, and the need 

for reciprocal dialogue to form the backbone of any deliberative process. Reflection refers to the 

weighing and consideration of different perspectives on an issue and is anchored in the need to 

proceed carefully and thoughtfully to improve outcomes of deliberative processes. Matters of 

concern refer to the objects of reflection - preferences, values, interests, etc – that must be 

specified in the structures of mutual communication during a deliberative process. By taking this 

approach, Mansbridge avoids entangling the central components of deliberation with ideas of 

consensus-building and decisive outputs and promotes a broader and more neutral concept of 

deliberation.  

Mansbridge’s ideas align with STS public engagement scholars and other deliberative 

democratic theorists whose work expands on the concept of deliberation. Prominent examples of 

this work have focused on 1) prioritizing inclusivity and diversified participation in deliberative 

engagement to mitigate social exclusion (Sanders, 1997 ; Stirling, 2009 ; Stirling, Hayes, & 

Delborne, 2018 ; Van Bouwel, 2009 ; Valkenburg, 2020) 2) the role of reflexivity in deliberative 

engagement to build mutual understanding (Schneiderhan & Khan, 2008 ; Young, 2002) 3) the 

epistemic and social benefits of inclusive deliberation (Bohman, 2006 ; Min, 2016), and 4) the 

nature of power in deliberation (Hendriks, 2009). Taken together, the work of Mansbridge and 

these different scholars combine to expand the conceptual criteria and empirical conditions 

beyond the traditional scope of deliberative engagement and open up possibilities for 
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deliberation to focus on different kinds of goals and build different kinds of capacities within 

public engagement exercises.  

Conceptualizing Generative Deliberation for Socially Robust Knowledge 

 In this section, we operationalize Mansbridge’s conceptualization of meaningful 

deliberation as a tool for designing anticipatory engagement. Specifically, we highlight the 

features of a deliberative process aimed at generating socially robust knowledge and contributing 

to wider discussions about emerging technologies.  

 

Figure 2.1: Logic Model for generative deliberation in anticipatory engagement exercises 

 
 

In the context of anticipation and deliberative engagement, the generative mode can be 

thought of as operationalizing a group’s collective ability to explore, consider, and understand a 

plurality of perspectives and possibilities on complex - and perhaps contested - questions related 

to emerging science and technology, and produce insights on how best to address those questions 

(Valkenburg 2020 ; Van Bouwel 2009). Drawing upon the work of Mansbridge and other 

scholars we propose three main features to consider as crucially important for generative 

deliberation to accomplish these goals. The three generative features form the core of our case 
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analysis, and each are suggested to lead to a specific capacity developed through generative 

deliberation. 

The first feature is reflexivity, which in the context of public deliberation refers to the 

capacity for individuals to consider how their own perspectives, values, and interests relate to 

other perspectives, values, and interests (Bohman, 2003 ; Mansbridge, 2015). In our framework, 

reflexivity is important for socially robust knowledge as a key mechanism that facilitates the 

expression and consideration of different perspectives. Reflection on the part of individuals is 

inherently relational and requires both intellectual and emotional commitments from participants 

to listen to and understand the perspectives of others (Holmes, 2010). Importantly, this positions 

reflection as an important structural feature of deliberation to explore the diverse perspectives, 

values, interests, and knowledge practices of participants (Gomez-Carillo, 2020 ; Adkins et al, 

2002). Ideally, reflection helps facilitate collective thinking through reciprocal dialogue, where 

participants exchange and build on each other’s different perspectives over the course of 

discussions on matters of concern (Mansbridge 2015 ; Hendriks 2009). Collective thinking is an 

important aspect of socially robust knowledge that forms the basis for extending legitimacy to 

different knowledge perspectives across different individuals (Nowotny, 2003).  

The second and third generative feature connects knowledge pooling and social learning 

in the structures and outputs of deliberative discussions (Van Bouwel & Oudheusden, 2017; 

Bohman, 2006). Knowledge pooling refers to the action of contributing one’s own unique 

knowledge in the context of deliberation to a mutually held matter of concern (Bohman, 2006), 

and accumulating this knowledge in discussion and workshop outputs. Participants can draw 

upon this knowledge pool throughout the rest of a deliberative exercise and continue to access 

this knowledge pool after the event is over (see figure 1). Social learning broadly refers to the 

process and capacity for an individual to take up new knowledge and develop new 

understandings through social interactions with others, and to situate this knowledge as part of a 

social group (Eriksson et al, 2019; Reed, 2010). At the individual level, social learning generates 

epistemic benefits (Min, 2016) through the consideration and internalization of new technical, 

social, political, and ethical aspects of an issue presented through “in-depth exchanges” 

(Eriksson et al, 2019) with other participants. At the collective level, in-depth exchanges that 

drive knowledge-pooling can also lead to a sense of shared values, concerns, and ideas between 

different social groups (Riper et al, 2018; Schusler et al, 2003). Social learning is therefore 



 

21 

conducive to participants seeing themselves as part of a wider knowledge collective (Eriksson et 

al, 2019; Cundill & Rodela, 2012), which lends itself to processes of building pluralistic 

expertise across different groups in society (see figure 1).  

Generative deliberation expands the landscape of socially robust knowledge on emerging 

technology in several ways. The most concrete is through a report on tangible deliberative 

outcomes that capture the pluralistic expertise generated in deliberation. This aspect facilitated 

by organizers is important for capturing the collection of experiences and perspectives shared on 

questions of mutual concern at the center of deliberative discussions. Critical to the ongoing 

mission of anticipation is the reporting of any new possibilities imagined for emerging 

technology as a result of participant deliberations. Possibilities could refer to new questions, 

critiques, courses of action, policies, etc, that were generated in discussions. The second way 

generative deliberation expands socially robust knowledge is based on what stakeholders take 

with them into the world outside of deliberative engagement. New perspectives, shared 

knowledge, or values acquired through deliberative activities can be taken to new contexts of 

intervention and put into conversation with other stakeholder perspectives to be tested, expanded, 

and modified. This process of “extension” (Nowotny, 2003) is crucial for continuing to enhance 

the social robustness of stakeholder knowledge.  

Analyzing Generative Deliberation 

To complement our theoretical arguments, we will explore elements of our conceptual 

framework empirically using two case examples of stakeholder deliberation in workshops 

focused on emerging environmental biotechnology. Our analysis specifically focuses on 

elements of our conceptual framework embedded in the structure, content, and outputs of 

workshop discussions. We also draw upon surveys and interviews with stakeholder participants 

to get a sense of the impacts of reflexivity, knowledge pooling, and social learning on 

stakeholder experiences of the workshop. In addition, we also comment on three specific 

challenges that emerged from the data: 1) personal agendas and prior commitments limiting 

reflexivity 2) bounding discussions for inclusive knowledge sharing, and 3) defining social 

robustness and inclusion criteria. We describe what they are, and why they are important to 

consider for future practitioners experimenting more intentionally with generative deliberation.  
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As a first pass with the analytical lens of generative deliberation, this article is not offered 

as comprehensive criteria for generative deliberation. The goal is also not to claim or prove that 

our workshop cases are exemplary or failed cases of generative deliberation. It would not be 

correct to do so given that these workshops were not explicitly designed with generative 

deliberation in mind. The objective is to use the workshops to describe some of the theoretical 

principles of generative deliberation in action and produce insights for further experimentation in 

anticipatory stakeholder engagement. In addition, this work represents only two cases where 

examples of generative deliberation might be found, and both happen to be exploring topics 

related to emerging environmental biotechnology. As authors we therefore gravitate towards 

seeing generative deliberation in the context of emerging technology, but this is by no means a 

categorical statement for what kinds of topics are best suited for generative deliberation. In the 

concluding sections, we comment on potential future applications and benefits of generative 

deliberation and encourage other researchers to expand upon the features we find in these cases 

in other contexts of emerging technology.  
 
Case Descriptions  
 

The first workshop case in this study, titled “Biotechnology, the American chestnut, and 

Public Engagement” focused on recent developments of a genetically engineered American 

chestnut tree (GEAC) for forest restoration, and the role of public engagement in restoration 

decision making (Delborne et al, 2019). The American chestnut is a hardwood tree species native 

to the American Appalachian region of the United States that has been rendered functionally 

extinct due to an invasive pathogen, called Cryptonecteria parasitica. Traditionally, restoration 

efforts have focused on hybrid breeding approaches to blend the physical traits of American 

chestnuts with the blight resistance traits of Asian varieties (Westbrook, 2018). The GEAC was 

developed as an alternative to these hybrid-breeding programs and utilizes genetic engineering to 

create transgenic trees that demonstrate blight resistance. Researchers at SUNY ESF first 

reported the insertion of an oxalate oxidase transgene into the genome of American chestnut, 

which has demonstrated effective blight resistance in laboratory testing and field trials (Zhang et 

al, 2013). The group has submitted a petition for deregulation to USDA APHIS and consulted 

with EPA and FDA on additional points of consideration. If regulatory approval comes to 
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fruition, the group plans to move forward with restoration efforts using the transgenic chestnut 

lines (Popkin, 2018).   

The genetically engineered American chestnut (GEAC) workshop event brought together 

stakeholders from several different sectors – universities, civil society, government, and private 

industry – to tackle questions related to future chestnut restoration research and development, 

regulatory concerns, and implementation prospects. Stakeholders had differing occupations (e.g. 

university scientist, forest manager, activist, program coordinator, etc) but all interacted within a 

sphere that intersected directly with at least one of the following areas 1) GE chestnut research 

and development 2) chestnut restoration and/or forest conservation 3) commercial forestry and 4) 

environmental advocacy. Workshop participants were assembled in person at North Carolina 

State University on April 25th & 26th, 2018, and participated in a full day and a half of 

deliberative sessions (Delborne et al, 2019). Discussions were organized around three “decision 

phases” meant to symbolize the general elements of the lifecycle of emerging technology and 

were titled research and development (R&D), regulatory review (RR), and deployment, 

management, and monitoring (DMM) (Barnhill-Dilling et al, 2021). One of the key thematic 

questions of the workshops was how broader publics should be engaged in the governance of the 

genetically engineered American chestnut (GEAC) (Delborne et al, 2019).  

The second workshop case, titled “Exploring stakeholder perspectives on the 

development of a gene drive mouse for biodiversity protection on islands” focused on the 

potential for utilizing gene drive technology to control invasive mice populations on tropical 

islands (Farooque et al, 2019). Mice commit several harms to local island ecosystems and their 

unique species, but one that is of major concern is the damage they can do to native bird 

populations (Wanless et al, 2007). As a result, island conservation specialists have employed 

several tactics to suppress and eradicate invasive mice populations from island ecosystems to 

protect vulnerable native populations. Most often, eradication strategies rely on the usage of 

toxic rodenticides, which suffer from several shortcomings. They are often expensive, hard to 

distribute effectively over an entire landscape, and can produce hard to control off target effects 

that harm other island species (Howald et al, 2007). Recently, conservation consortiums have 

begun to explore the idea of using gene drives as a potential suppression and eradication 

approach. Gene drives are an emerging genetic engineering technique that often utilizes CRISPR 

Cas9 editing to manifest “super-mendelian inheritance” into a species. A successful gene drive 
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could theoretically suppress island populations of rodents by biasing sex inheritance to produce 

same-sex populations (Bunting et al, 2022).  

The gene drive mouse (GDM) workshop event brought together stakeholders from 

universities, civil society, and government who had backgrounds in 1) laboratory work 

developing gene drive organisms 2) conservation work on islands 3) research in conservation 

biology, policy, or population genetics, and 4) environmental conservation advocacy. 

Stakeholders gathered in-person on March 7th and 8th, 2019 at North Carolina State University to 

participate in a day and a half of workshop deliberations (Farroque et al, 2019). Discussions were 

organized to investigate three main topics: 1) the different technological choices and techniques 

being pursued in research and development to create a gene drive rodent model, 2) exploring the 

potential for future field trials, and 3) the broader social, ethical, and governance concerns of 

potentially releasing  a gene drive organism in the wild. Objectives of the workshop included 

gathering stakeholder perspectives on several key issues related to 1) design of research 2) 

design of potential field trials 3) risk assessment related to research and field trials, and 4) design 

of future community level stakeholder engagement. 

Case Analysis Framework and Data Collection 

Analysis of the workshops utilized an inductive approach under a framework of a 

descriptive case study. The objective is to engage in a descriptive analysis (Merriam, 1998) of 

the workshops as cases where generative deliberation took place. Importantly, the goals of a 

descriptive case analysis are to illustrate how particular case data portray a central phenomenon 

of interest. From the outset, a descriptive case study asks and explores questions about the 

central phenomenon in relation to the case, and provides a rich description of that phenomenon 

in the case narrative (Mills et al, 2010 ; Yazan, 2015). In this analysis, the central phenomenon in 

question is generative deliberation, and the goal of the case study is to understand how the 

different generative features emerged over the courses of both workshops. Specifically, the 

analysis takes an inductive approach to understanding how reflexivity, social learning, and 

knowledge-pooling emerged through 1) structures of deliberation, or what participants are set up 

to accomplish in deliberative discussions, and 2) what the participants experience during and as a 

result of discussions. The results of the analysis provide concrete examples of the features of the 

generative deliberation in action, and how it enables certain capacities and outputs of deliberative 

discussions.  
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Our study utilizes different types of qualitative data collected at the workshops to analyze 

and describe how different elements of generative deliberation emerged through workshop 

discussion structures, and the kinds of impacts this had on participant experiences. Specifically, 

participant observation and field notes were used to analyze how designs of workshop 

discussions structured the interactions of participants, and what kind of content was generated in 

these discussions. In addition, qualitative survey and interview data were collected and analyzed 

using a thematic coding scheme (Charmaz, 2014 ; Auyerbach and Silverstein, 2003) in Dedoose 

(Salmona et al, 2020) to characterize the perspectives participants had on their own experience 

with workshop structures, and provide insights into aspects of their unique experience of the 

generative elements of the workshop (Luker, 2008 ; Creswell, 2013 ; Philippi and Lauderdale, 

2018). Post workshop surveys were collected from GEAC participants (n = 22) and post 

workshop interviews were collected from GDM participants (n = 17). Data collection for both 

workshops was approved by the North Carolina State Institutional Review Board under protocol 

#12627 for the GEAC workshop, and protocol #14394 for the GDM workshop. All data was 

stored on encrypted cloud servers administered by North Carolina State University. Lastly, the 

workshop organizers in each case published a workshop report that summarized and highlighted 

the outputs of each workshop (Delborne et al, 2019 ; Farooque et al, 2019). These documents 

also function as data for this study, because they represent the official outputs of the workshop's 

activities synthesized by the workshop organizers. 

 
Researcher Positionality  

At both workshops, researchers played multiple roles as organizers, facilitators, and data 

collectors in workshop activities. Effects of this dual role are important to consider in the context 

of this study, as researchers were in a position to study the workshop activities while also 

participating in them, and impacting their outcomes. The author of this dissertation chapter 

(Dalton George) was involved as an organizer and facilitator of the GEAC workshop 

discussions, as was his doctoral advisor Dr. Jason Delborne. Dalton George was funded as a 

member of the GEAC research team and contributed to the synthesis and reporting of workshop 

results along with Dr. Jason Delborne (Delborne et al, 2019). For the GDM workshop, Dr. Jason 

Delborne was involved in the design, organization, facilitation, and reporting out of the GDM 

workshop (Farooque et al, 2019). Dalton George collected data at the GDM workshop as a direct 
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advisee of Dr. Jason Delborne for the purposes of dissertation research, but not as a funded 

member of the GDM workshop team.    

There are two important implications to acknowledge as a result of these multiple 

overlapping roles at the workshops. First, that in some cases researchers influenced the directions 

and dynamics of participant discussions. Sometimes this meant that researchers enforced 

boundaries around discussion to keep deliberations focused on certain topics and questions. 

Other times this meant that researchers invited participants to expand and expound on certain 

elements of discussions, and encouraged discussion of certain ideas. Second, how the authors 

interpreted the actions and perspectives of participants is in part a subjective lens based on 

occupying the dual roles of organizer and researcher. This position of power can color the ways a 

researcher in this context interprets the dynamics and outcomes of discussions, and analyzes 

participant perspectives in interview data (Bourke, 2014). As a result, the analysis of the 

participant observation and interview data is subject to interpretive flexibility specific to the 

authors’ experiences, prior knowledge, and wider interests in researching these topics. It is 

possible that different researchers from different points of view not directly implicated in design, 

facilitation, and outcomes of these workshops might have come to somewhat different 

conclusions than the authors in this study. However, in this case of inductive research, it was the 

reflecting on workshop processes and outcomes that inspired the idea of conceptualizing the 

generative mode after the fact. Direct participation in the workshop spaces, and an open and 

honest reflection on what the workshop outcomes represented was therefore integral to the 

formation of the ideas driving the theoretical contributions of this article.  

Exploring the Features of Generative Deliberation 

The following sections lay out a discussion of results of qualitative analysis of the two 

workshop cases. Reflexivity, knowledge pooling and social learning are highlighted in their own 

sections, and are attached to specific examples from the workshop data. Reflexivity was 

anchored in reciprocal, open dialogue in the structure of workshop discussions, and enabled 

participants to reflect on their own values and perspectives in addition to values and perspectives 

of others. Knowledge pooling was key to generating and tracking different pieces of information 

and knowledge that resulted from discussions, and was collected for stakeholders to draw upon 

throughout the workshops. As new knowledge emerged through the workshop discourse, social 
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learning followed as stakeholders internalized this new knowledge, and in some cases started to 

build a sense of belonging to a shared knowledge collective. Analysis shows how these features 

emerged through structures and outcomes of deliberative discussions and participant 

experiences. At the end of the section, we also highlight data on instances where we think 

challenges related to these features would occur. Our analysis provides some insight as to how 

future practitioners might approach these challenges in future practices of generative 

deliberation.  

Feature #1: Reflexivity  
Reflexivity was an integral feature of both workshops and was supported by transparent, 

reciprocal dialogue from the outset of deliberative activities. For example, in the GDM workshop 

reflexivity and reciprocal dialogue were framed as integral to larger workshop objectives. 

Organizers took great care to frame the workshop as a space for reciprocal dialogue, announcing 

to the whole plenary of participants that workshop discussions were designed to  “create 

conversations between those involved in the innovation of a gene drive mouse across 

disciplinary and cultural boundaries” (Workshop facilitator, GDM workshop audio recordings). 

Moreover, organizers also announced organizers as someone who has “something to learn from 

the others in the room” (Workshop facilitator, GDM workshop audio recordings). This 

encouraged participants to embrace the workshop as a collaborative, inclusive discussion 

environment, and set the expectation that each participant’s perspectives and knowledge base 

had something to contribute to the discussions.  

We observed the propensity to listen and consider through most of the deliberative 

dialogue of the GDM workshop. Participants were given multiple opportunities to express their 

perspectives in break-out sessions, and were consistently encouraged to share their perspectives 

openly. There were also no prior expectations nor strict rules for how participants should share 

information, other than being as open and inquisitive as they wanted. As a result, participants 

spoke very positively in the post-workshop interviews about their experiences exchanging ideas 

and considering new perspectives with their workshop co-participants. As one participant 

explains, the workshop space created both an environment for the expression of different 

perspectives, and a space for participants to understand those perspectives: 

  



 

28 

There’s always points of surprise when people express viewpoints that you weren’t 
expecting that initially surprised you, and then when they explain why they are thinking 
that way, you go ‘oh, yeah that makes sense!’ and I think that is when you know you are 
being successful in terms of running these things [workshops], that people are expressing 
viewpoints that you have not heard before. This means you have given them the 
opportunity and the space, you have organized it the right way that they feel comfortable 
doing that. And in general,  people around the table were accepting. There was never an 
immediate push-back from the other people at the table for any views that I saw that were 
being expressed, and that is fantastic. (GDM Participant #4) 

 
The lack of “push-back” reported by this stakeholder is a crucial piece of feedback concerning 

reflexivity. It shows that workshop discussions did not make participants feel defensive, or like 

they needed to strongly advocate for their positions amidst differing perspectives. Instead, 

according to this participant’s experience, workshop discussions encouraged participants to listen 

and consider different perspectives, to come to a point of “oh yea that makes sense!”(GDM 

participant #4). This participant associates these dynamics with the running of a successful 

workshop, because all participants have been given the opportunity to be heard, and been made 

to feel comfortable in sharing their perspective and absorbing the perspectives of others.  

 Other participants experienced this transparent, reciprocal discussion space through the 

lens of collaboration, and trust building. For example, one participant said in their interview that 

“by necessity in this workshop, I talked to everybody in the room and I talked to them seriously 

about new ideas that were not necessarily my focus. I think this is an important feature” (GDM 

participant #7). An effort to “talk seriously” about different ideas indicates a willingness on the 

part of this participant to extend themselves and engage with the perspectives and ideas of others. 

This perspective was echoed and reported by other participants who expressed a similar value 

and excitement for getting to know the ideas and perspectives of others:  

 

I thought it was really good to hear these different perspectives, and it kind of makes me 
really excited to collaborate more with people like [workshop participant], and [workshop 
participant]...I really enjoy engaging different people in this space. That was probably the 
most valuable part from my perspective. (GDM Participant #1) 

 
The fact that you have the breadth of people that have all these different kinds of 
concerns, and they work to understand one another I think is incredibly important and 
incredibly educational. If we build more trust among those communities the better. 
(GDM Participant #5) 

 



 

29 

It was great to hear from so many different people. It's great that it [the workshop] had 
not just academics, but people who were working with the government and who were 
involved in regulation and conservation. It’s great to see and hear all the different 
perspectives…[be]cause the problems and perspectives they brought up, I would not have 
thought of those issues as much. Especially if someone has a much better perspective on 
the feasibility of many of these things. It was great to crack into that. (GDM Participant 
#12) 

 

Quotes like these demonstrate that participants value the opportunity to understand the thinking 

of others and connect to their point of view. Reflecting on how these points of view differed 

from their own also built a genuine excitement and energy around getting to know those 

perspectives and people.  

Another example of transparent and reflexive discussions that took place during the 

GEAC workshop was the “Interests and Values” discussion session. In the second full session at 

the workshop, participants were called into a plenary forum for a roundtable discussion, and 

prompted to answer two questions: 

1. When you think about the potential restoration of the American chestnut tree, what are 
your interests? Your values? What do you care about? What are you concerned about? 

2. As much as we attempted to recruit a diverse group, we were not perfect. Who is 
missing, and what might be their values and interests?  

Before jumping into discussion, the facilitators set up some structure for the discussion. They 

stated that the goal of the session was to communicate the “interests and values in this room 

among stakeholders, and values that might be behind decisions, and behind goals of public 

engagement that we might imagine.” Specifically, participants were encouraged to “listen with 

the intent to understand, not argue.” Participants were first directed to “think about how you 

would answer these questions for yourself.” Silence fell across the room as each participant 

focused on their introspection. For five minutes all that was audible was the shuffling of paper 

and the scribbling of handwritten words. The facilitator then asked participants to “pair up with 

someone you don’t know, and that you have not worked with yet in workshop discussions, and 

share what you generated with yourself.” Discussions ensued between each pairing of 

participants, and while one might expect participants to be a little nervous and withholding about 

their interests and values, this was largely not the case. Participants actively shared -- and even 
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worked together -- to articulate and understand what their interests and values were, and how 

they connected to one another.  

As participants paired up, and began discussion, some participants were a bit unsure of 

how to talk about their values. For example, one participant duo was recorded saying: 

GEAC Participant A: “I am not even sure what this means” in response to the values 
question, “it's hard to think about values for me.”  

GEAC Participant B: “Well, why don’t you just tell me why you think we should use 
this technology?”  

GEAC Participant A: “Well, I don’t know, this is just a weird concept for me... But I 
guess I do think about it, and I do think this tree is a worthy pursuit, as an important tree 
that can potentially restore the health of ecosystems… and I really care about that. But 
I've never thought about it before in terms of my own values…in my work, we are 
encouraged to not focus on values, to be neutral and objective… but I don’t think there is 
enough dialogue on these kinds of things [values].”  

The way this participant talks about their values and interests suggests that this conversation 

might be a rare occasion because opportunities to speak openly about values might not be a part 

of the structures and norms of their professional life. The structure of this workshop session, 

however, created the space for this participant to reflect what their values were, and what that 

meant for their professional experience. This process was helped along by the active listening 

and participation of their partner, who asked questions and listened intently to their answer.  

While reflexivity is hard to quantify and measure, signals of it can be observed in 

examples like this taken from the “Interests and Values” discussion at the GEAC workshop. The 

structures of the “think-pair-share” and the plenary discussion provided opportunities for all to 

openly share their perspectives in a safe space if they wished, listen to the perspectives of others, 

and in some cases provide respectful feedback based on their own perspective. Participants were 

not made to feel defensive, or like they needed to persuade others to their point of view. The 

result was an open, collaborative discussion environment that encouraged participants to reflect 

on those differences.  

Feature #2: Knowledge Pooling  

 Knowledge pooling refers to the accumulation of ideas, perspectives, and information 

captured over the course of deliberative discussion (Bohman, 2006). Both the workshops had 
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success in diversifying the “knowledge pool” (Min, 2016 ; Bohman, 2006) by setting up 

discussion questions designed to access diverse knowledge and perspectives. A great example of 

diversifying the knowledge pool were the “decision phases'' discussions of the GEAC workshop. 

As mentioned earlier, the GEAC’s workshop discussion framework was designed around three 

key phases in a technology’s lifecycle pertaining to research and development (RD), regulatory 

review (RR), and deployment, management, and monitoring (DMM). The very first discussion 

sections of the workshop were designed to investigate these phases through the lens of decision 

making, and sought to explore four different questions: 

1. What decisions are being made? 
2. Who is making the decision? 
3. What informs the decision? 
4. How is public and stakeholder input included in the decision, and whose voices are 

missing? 

Each participant was assigned to a breakout group designed to walk through each 

question for one of the phases. For example, break out group #1 was assigned the “Research and 

Development” (R&D) decision phase, while break out group #2 was assigned the “Regulatory 

Review” (RR) phase. The groups themselves were assembled in a way that split participants 

down lines of experience and expertise to balance perspectives in each group. This meant, for 

example, that only some participants with an obvious depth of expertise in managing restoration 

projects were assigned to discuss the DMM phase, while others were assigned to the R&D and 

RR phases. While this method led to some imbalances in discussions (i.e., participants with less 

knowledge or experience sharing less often) it also produced more nuanced ideas about decision 

making in each phase.          

For example, participants in break out group #1 (R&D) with expertise in technical 

research pushed a science-first, research-based priorities perspective for the whole discussion. 

For a discussion on R&D, this appeared as a relatively comprehensive perspective for a 

straightforward discussion about research problems, methods, results, and funding (i.e., the 

content of question #1). However, for questions #2 and #3, the perspective of non-technical 

experts expanded what could have been solely a discussion about the role of researchers and 

technical data. Specifically, stakeholders from NGOs and governmental organizations described 

the integral role of funding and public support in terms of question #3, stating that “the success 

of restoration research on the chestnut tree and other species depends on more than good 
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science.” In addition, NGO participants identified many “missing voices” – citizens, critical 

NGOs, indigenous representatives – in question #4 that might not be traditionally considered as 

playing a role in R&D decision making. These perspectives complemented the answers provided 

by researcher stakeholders, and added valuable knowledge outside of what would be considered 

perspectives from “inside the lab.”  

Decision phases discussions were designed specifically to build into the “Questions and 

Knowledges” discussions in the latter parts of the GEAC workshop, which further diversified the 

workshop knowledge pool. The focus of these sessions shifted from a discussion on decision 

making and participation to talking about uncertainties, and the kinds of questions and 

knowledges needed to address uncertainties. Again, the organizers made use of breakout groups 

to discuss each phase on its own, but in this section of the workshop each individual breakout 

group kept the same participants as they cycled between each phase discussion. Participants were 

tasked with identifying relevant questions and knowledge gaps that needed to be addressed in  

decision phases that we discussed earlier that day. In addition, organizers encouraged 

participants to think about “how local knowledge and public preferences can supplement formal 

scientific expertise in the identification and exploration of relevant questions” (Delborne et al, 

2019). The goal was for these discussions to build relevant governance questions while 

simultaneously pooling knowledge about how public preferences and insights from diverse 

knowledge sources can inform answers to those questions.  

Questions and knowledges sessions produced many in-depth insights on important 

uncertainties, and participants exchanged much of their own knowledge and perspectives during 

these discussions. Over the course of dialogue, the exchanging of different perspectives and 

insights on a particular issue led to the identification of a few core questions or uncertainties at 

the root of discussion. Those core questions and uncertainties would ultimately serve as the main 

deliberative outputs for those sessions. For example, in the DMM discussion cycle, many 

exchanges were grounded in understanding the layout of regulatory decisions and regulatory 

power. The central question posed by one participant was “how do you register a tree that will be 

self-replicating in the wild that nobody owns, and how do you track its progress? Because we 

don’t have control over what happens to the trees after people have them.” To that question, 

another participant responded with a suggestion for a citizen science monitoring project:  
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One thing I was thinking is that… you would have chapters in [organization] that you are 
working with, those people would have their trees and planting them. I wonder if they 
would be willing to go out and do monitoring?... I think you will have to be more flexible 
to do that than you would with other crops, and getting people to participate openly like 
that could work. (GEAC Participant #1) 

 
This started a bit of a debate about the merits of citizen participation, and how it could be useful 

for managing and monitoring the deployment of a transgenic tree. Another participant provided a 

critical perspective on the idea:  

 
I’ve worked with [organization] on a similar type of project… you have to be careful, the 
quality of science being proposed sometimes wasn’t very good science. (GEAC 
Participant #10) 

 
This prompted another, third participant to contextualize that perspective of what is considered 

“good science”, and reassert the promise of citizen science:  

 
There are multiple kinds of institutions with multiple norms, regulations, and 
knowledges… they are not going away and they are going to continue intersecting across 
each phase of deployment, management, and monitoring in ways we don’t yet understand 
fully. We shouldn’t rule anything out… citizen science included. (GEAC Participant #7) 
 

Eventually, this talk of citizen involvement in DMM led to multiple ideas for public engagement. 

One was a recruiting mechanism for potential citizen science projects; another as a way to help 

influence deployment decisions; another still as a means to assess criteria for proper 

management. Participants were very familiar with these ideas of citizen involvement, but came at 

the concept from different vantage points. Participant dialogue did not try to reconcile 

differences in perspectives on citizen involvement, but assemble them all in one discussion for 

the purposes of building a more comprehensive knowledge pool on the topic. This was the 

general trend across most of the GEAC workshop dialogue. Rarely did the structures of dialogue 

intentionally exclude perspectives and ideas based on type of expertise, or professional role, as 

all were seen as valid contributors to what was considered an important question for the different 

decision phases. The result was a more diversified knowledge pool than if participants had been 

limited to speak only about topics that were directly connected to their formal experience or 

professional identity.  
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Feature #3: Social Learning  

Social learning was both a result of participants taking in new knowledge within 

themselves, and building shared knowledge as a collective. For individuals, participants learned 

new facts, ideas, and about the experiences of other stakeholders at multiple points during the 

workshops. We captured signals of social learning in the post-workshop interviews of GDM 

participants by asking the question “what did you learn and gain from this workshop 

experience?” to each participant. Some offered specific reflections on what they learned, like 

“community engagement seems almost as important as the technology development if we want it 

(the technology) to have any legs” (GDM participant #8). Other responses included the following 

quotes:  

It (workshop experience) certainly broadened my understanding of the different technical 
difficulties of implementing such a thing (gene drives) on an island, because I hadn't 
thought about it from that perspective… for example [stakeholder], she pointed out that if 
you have any sort of hoofed animals on an island, they destroy a lot of the same stuff that 
the rats do, and so if you remove the rats and mice and you might not see a difference if 
you have these hoofed animals. That’s an important thing if you are going to detect an 
outcome...I guess I am thinking a lot more broadly. (GDM Participant #16) 
 
For example, that there could be issues associated with very small populations of females 
on islands and there being large populations of males and that this [increased 
competition] could get pretty bloody. I hadn’t thought of this as a possibility, and as not a 
more humane approach as opposed to using poison [rodenticide], using the toxin that is 
obviously painful... That was a real ah-ha moment for me. (GDM Participant #6) 
 

Quotes like these show how a participant's exposure to broader knowledge impacts their 

evolving perspectives on the topic of the gene drive mouse. This is important evidence for social 

learning, because it tracks changes in thinking, or seeing problems and questions in a different 

light and not just the uptake of new information (Reed et al, 2010). These individual “epistemic 

benefits” are beneficial to individual participants themselves, but also to the broader community 

of stakeholders they return to after the workshop (Bohman, 2006; Min, 2016 ; Van Bouwel and 

Oudheusden, 2017). Bringing new knowledge from the workshop to their own contexts is a 

valuable method of extending workshop knowledge to new social contexts.  

Social learning is also a collective process that contributes to socially robust knowledge. 

The formation of collectives around shared knowledge and identities can bring together 
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important mixes of experience and expertise that strengthen the social robustness of that 

knowledge (Nowotny, 2003). The collaborative, inclusive nature of workshop discussions 

partially enabled this collective social learning. As one GDM participant put it, the workshop 

discussions asked workshop participants to always be “building knowledge together”, implying 

the formation of a shared sense of collective identity, and building a knowledge network around 

the topics of interest:  

Together we were building information using our different pieces of expertise to answer 
questions that none of us had actually thought about before. And that is important 
because that means you get insight into how the other person thinks and it's not like a top-
down ‘I am teaching you’ scenario. We are building something new, it felt like a 
collaboration. (GDM Participant #13) 

I think honestly the biggest thing for me was that it (the workshop) clearly brought 
people together and created a network that I think will be very valuable for everyone in 
the future. I think it also it raised a lot of issues in everybody's minds, I think it got 
everybody thinking, but I think the best possible thing that came out of it honestly is that 
everybody there is going to contact everyone else. (GDM Participant #14) 

 
Another participant at the GDM workshop expressed a sentiment of sadness as a result of being 

made to feel a part of a collective, because they would have to soon leave it:  

 
Interviewer: So now, after this workshop experience, do you feel more like you belong 
in this space? 
Participant: Oh yeah. In a big way. Yeah, it was, it was really wonderful. And I am 
feeling saddened by the fact that I probably will not work on this in my postdoc, and I 
probably will not get to come and see and work with these people again. (GDM 
Participant #8) 
 

The feeling of belonging to a larger knowledge collective also occurred when workshop 

participants came to recognize a shared identity through deliberative discussions when they saw 

that there were others who shared their perspectives or concerns:  

 

I think it's useful to have all levels, in other words not to just sequester away the people 
that have a particular type of concern, but to bring them in together to understand the 
broader concerns (of the group). Just as an example from this workshop, we had 
somebody from the [NGO] there, and I was very interested in what she said to me at the 
end (of the workshop), that she was so pleased that before she had to voice the concerns 
of the [NGO], other people in the room had already voiced them. (GDM Participant #15) 
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This participant’s quote from the GDM post-workshop interviews demonstrates the surprise that 

someone can feel and communicate when their perspectives or concerns are shared and 

recognized by other individuals or groups. In this case, a representative from an NGO was 

surprised, and pleased to find that their concerns were shared by others in the workshop space.  

Similar to shared concerns, participants at the workshops sometimes found alignments 

with others based on shared questions of interest. Curiosities related to compelling research 

questions, questions of implementation, or questions of ethics and morals formed a collective 

sense of purpose around the impetus to have that question answered. Even in scenarios where 

participants disagreed with one another’s answers, it was possible to also feel a collective sense 

of purpose. As one respondent explains:   

 
 I have experienced this in the past, that the truly contrarians, in terms of this science, just 
don’t believe us when we say, when the scientists make comments… when we have to 
deal directly with the hardline contrarians on these sorts of technologies, when they hear 
us being equivocal, they think we are lying. So it was nice that in the circumstances (in 
the workshop), I think there was some common ground you could find when people 
realized that the scientists (in the room) are trying to answer the same questions that they 
have. What I often say is that ‘well, you have to acknowledge that there are thresholds, 
maybe different in terms of you know the decision of whether it is a good idea or not, but 
we are all going through the same process’. And we should be trying to go through it 
together. Yeah, I just felt that we had that vibe in the room. (GDM Participant #2) 

 
A shared question set, as illustrated by this participant’s quote, can align the purpose and 

perspectives of different stakeholders into a common goal. Even if answers to that question are 

initially different, this particular quote implies a sense of shared responsibility to “go through it 

together” that is more meaningful than the differences between answers to shared questions. 

From this participant’s perspective, cultivating “that vibe in the room” was a success of the 

GDM workshop, and a key component of collective social learning in the workshop space.   

Importantly, this individual and collective social learning is a key aspect of what made 

these workshops successful not only as engagement events, but also for generating socially 

robust knowledge. First of all, it indicates that there was new knowledge that entered into the 

workshop with different stakeholders from different social contexts, and new knowledge that left 

with stakeholders back to those social contexts. This provides an opportunity for knowledge to 

undergo extension and modification in multiple contexts. Second, shared knowledge that enrolls 

multiple values, interests, experiences, concerns, or even questions into a collective sense of 
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knowing is a powerful component of socially robust knowledge, because it shows that this 

knowledge has been legitimized in the face of these different perspectives. The signals of this 

occurring in the workshop cases demonstrate their ability to literally bring social robustness to 

different knowledge and perspectives. 

 

Challenges for Generative Deliberation  
 

Challenges to the generative process of both workshops also emerged from our case 

analysis. Categories included challenges with personal agendas and prior commitments that 

limited participant reflexivity, and challenges with bounding discussions that enable inclusive 

knowledge sharing without straying too far from the topic of discussion. We describe data from 

the workshops that illustrate the meaning of these challenges and offer a reflection on how these 

challenges might be addressed in future engagement activities.  

 
Personal Agendas and Prior Commitments  
 

Participant attributes and intentions that are brought into workshop spaces can impact 

discussion dynamics in terms of reflexivity. For example, the GEAC workshop recruited 

multiple participants whose stances in public discourses and professional agendas were at odds 

with one another. We observed that in some cases, there was little exchange and interaction 

between these stakeholders, despite being prompted to do so in workshop discussions. In 

addition, a focused personal agenda with specific goals that did not involve being overly 

transparent in some cases influenced whether participants were interested in connecting and 

sharing with others at the workshop. For example, the GDM post workshop interviews revealed 

how the specific intentions and agenda influenced:  

 
GDM Participant #3: I did not go there to have my opinion changed or to 
explore ideas, I went there to get information from the people that were there… 
 
Interviewer: So, coming to the workshop was sort of a data download and to 
meet these other stakeholders? 
 
GDM Participant #3: Yes. My personality is that which I go into most things 
with a good idea of what I want to get out of it. We talked about it within our 
[organization] team beforehand and I had one specific question that I was aiming 
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to get an answer… I was able to get my answer very quickly. And, yea, I had 
some very specific goals mostly to understand where science is and trying to 
figure out what other folks are doing in this realm because I do see this as 
something that could be important in the future. For me to have [more] knowledge 
of it was one of my goals. 

 
It was clear that this “data download” agenda of this particular participant influenced their 

discussion behaviors. Rarely, if ever, did this participant share or exchange with others in group 

discussions. They were often quiet, attentive, and satisfied with playing  a primarily background, 

listening role in most discussions. This participant was equally withholding in the post-workshop 

interviews, deciding not to divulge much related to their personal perspectives, knowledge, 

intentions, or takeaways from the workshop, and instead choosing to emphasize more general 

information about their organization’s motivations and goals related to gene drives:  

 
Interviewer: So you work for [organization], how important is knowledge [on gene 
drives] like the scientific timeline of where things are at, specifically? 
 
GDM Participant #10: It’s huge. 
 
Interviewer: Could you say more about that? 
 
GDM Participant #10: I can not totally… 
 
Interviewer: Maybe then just generally why it's useful? 
 
GDM Participant #10: So generally - I can not without going back and talking to some 
other folks I don’t want to say too much - but the timeline is, it depends on who you talk 
to, but the timeline is important because, again there is this question of do we move 
forward with general rodenticides in certain areas or do we wait, and if we wait what are 
the costs? And if we move forward with rodenticides what are the costs? So the timeline 
is important for determining our tolerance for action or inaction.  

 

The participant made it clear that they were doing this so as not to compromise the agenda and 

goals of their affiliated institution, and the result was a lack of interaction in the workshop space 

and disclosure in the post workshop interviews.  

 While this participant from the GDM workshop chose to maintain a listening role based 

on their agenda, it is also possible for participants to occupy a more consistently confrontational 

role based on their personal agenda. For example, in the GEAC workshop, there were a few 

instances where diametrically opposed values and perspectives entered participants into more 
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contested dialogue. During instances of more adversarial dynamics, the ability for participants to 

reflect and remain open to other perspectives is challenged by more defensive communication 

exhibited between participants. One such exchange happened between three participants when 

discussing the uncertainties surrounding genetic engineering a chestnut tree:  

 
Participant A: This particular issue of GE trees to me, there is a risk… and we just don’t 
know what is going to happen, we just don’t. I know you have done testing but it's very 
short term, compared to the lifetime of a tree… 20 or 30 years down the line we just 
don’t know what is going to happen. 
  
Participant B: But again, you have to compare that to what is the alternative. And 
people are putting out hybrids and crossed trees, and radiation treated… and nobody 
cares about that for some reason. Why is it that genetic engineering is so scary? 
 
Participant A: That’s a great question, and I guess it has something to do with…You are 
taking something that would never occur in nature, and you are forcing it. 
 
Participant B: Not necessarily. There is natural genetic engineering that happens. Take 
what happened in sweet potato… there was a mutation that happened through 
agrobacterium, and it happened about a couple thousand years ago, and we eat that all the 
time. That’s natural genetic engineering. 
 
Participant A: That’s not natural genetic engineering for god sake… 
Participant B: Yes it is! It is, because you have a gene moving from the bacterium to the 
plant. 
 
Participant C: So, [participant’s name], I am wondering is there anything that can sway 
you… 
 
Participant B: Sway me which way? 
 
Participant C: To think differently?  
 
Participant B: Is there anything that can sway you to think differently? It's always on the 
person that is producing it, that we have to be open to everything, and other people do 
not. 
 
Participant C: No, no because when I hear you say ‘you have to think about X’... why 
do I have to think about something, why am I being told how to think? And that’s when I 
wonder well… is there actually a way to have an actual dialogue here? 

 
In this exchange, participant B takes on a defensive posture in dialogue, and repeatedly shuts 

down claims that question the integrity of genetic engineering, while participants A and C are 
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more concerned with exploring some of its unknowns through a more open dialogue. The 

tendency for participant B to perform this role – the defense of genetic engineering – was 

observed throughout several other workshop activities. At times, their propensity to reiterate the 

same arguments about narrow risk and safety concerns was instigated by other participants, 

whether intentionally or unintentionally. The role was rarely commensurate with a reflexive 

dialogue, and in certain cases hindered such dialogue from occurring.  

An important insight, therefore, is to understand that reflexivity is partially contingent on 

a choice made by participants to buy into the practice. If a participant holds close to a specific 

agenda, self-regulates their participation in reflexive, open dialogues, and generally resists 

recognizing the perspectives of others, this is a failure of generative deliberation to engage 

reflexivity in this case. Organizers are responsible for designing and facilitating opportunities for 

reflexivity and recognition, despite these potential obstacles. Therefore, practitioners should 

always engage in a reflexive analysis themselves to try and understand how and why some 

participants choose to limit their interactions instead of working towards mutual recognition. 

Was it because of prior commitments and personal agendas, or did the workshop structures not 

do enough to provide the space needed for that participant to be reflexive, and see the value of 

mutual recognition? We think it makes sense for future practitioners to judge their efforts 

primarily based on how their chosen structures position discussions to generate opportunities for 

reflexivity and recognition to occur. If ideal outcomes do not occur, practitioners must also 

recognize that there is valuable insight to be gained as to why, and such knowledge may prove 

useful in the designs of future practices.  

Bounding Discussions for Inclusive Knowledge Sharing  
 

To enable generative structures of knowledge pooling and social learning, practitioners 

must engage in a messy balancing act between bounding discussion topics and framing what is 

relevant to share during a discussion, and allowing for participants to push against those 

boundaries. On the one hand, practitioners should ensure that deliberative discussions engage 

with the full diversity of perspectives and knowledges in the room. To this end, it is 

advantageous to construct flexible boundaries of discussion that allow dialogue to explore 

beyond the initial framing of the discussion topic, and communicate a diverse array of 

knowledge, values, interests, and concerns related to the topic. On the other hand, practitioners 
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must also enforce boundaries of discussion to some degree to ensure that discussions do not 

venture too far into unproductive, or even problematic territory. Too broad of an approach could 

result in a freewheeling discussion on disconnected topics, while a more stringent, narrow 

approach could work against knowledge pooling and social learning by restricting the 

perspectives that can enter into discussions.  

During the workshops, this boundary challenge was ever-present as facilitators attempted 

to maintain a balance between free and open discussion, but also keep the workshop activities 

moving towards productive, and relevant ends. This was most perhaps evident during the latter 

portions of the “Ideal Engagement Scenarios” section of the GEAC workshop. During these 

sessions, organizers tasked stakeholders with imagining a set of conditions under which an ideal 

public engagement activity could take place. Stakeholder broke up into three groups to discuss 

three separate primer questions that were chosen from the collectively constructed “questions 

that could benefit from engagement” table. Groups took their questions into their break-out 

sessions to imagine how public engagement could take place around those questions.  

In two out of the three sessions, there was immediate push-back to the framing of the 

exercise, as stakeholders pivoted to discussing aspects of the primer question itself, instead of 

focusing on the task of scenario-building. Discussions moved away from the initial primer 

question and public engagement to discuss very broad ideas like public vs. private interest in the 

genetically engineered chestnut tree, and moral issues related to restoration. Facilitators, in large 

part, did not actively bound those discussions to bring dialogue back to focusing on the public 

engagement scenario. Instead, stakeholders were allowed to take the discussions in any direction 

that seemed appropriate to them, which generated a lot of perspectives on these topics. However, 

the goal of addressing conditions related to a specific scenario of public engagement was not 

achieved as a result of these discursive detours. In the third session, facilitators enforced stricter 

boundaries of discussion, which did result in a partial scenario. Stakeholders in this session still 

trended towards delving deeper into off-shoot topics, which delayed the completion of the 

scenario in the allotted time.  

Future practitioners experimenting with the generative mode can use examples like this to 

weigh their own priorities when it comes to facilitation, setting, and enforcing boundaries of 

discussion. Unfortunately, there is no standardized way to know if discussion boundaries are 

initially too strict, or too loose. That would require facilitators to anticipate every possible 
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direction that discussions could go, which we do not believe is a feasible expectation. Instead, we 

recommend that facilitators of generative deliberation think about how to enact flexible 

discussion structures and maintain an expectation to be surprised, and adapt to the moment. At 

the same time, facilitators are also limited by time, and need to ensure that all stakeholders have 

an opportunity to share and exchange on the main topic of discussion. Discussions that venture 

too far off the thematic track may allow certain stakeholders to monopolize discussions on topics 

unrelated to the issues and discourses of mutual interest and importance at the workshop.  
 
Conclusions and Future Work  
 In this paper, we introduced the idea of generative deliberation and have argued for its 

application in the context of upstream anticipatory engagement exercises. Anchored in a 

minimalist definition of meaningful deliberation (Mansbridge, 2015), our conceptual framework 

specifically links the practice of generative deliberation with the generation of socially robust 

knowledge. Features of generative deliberation include reflexivity, social learning, and 

knowledge-pooling, which are the processes that contribute to socially robust knowledge. We 

have argued that socially robust knowledge emerges through deliberation through the 

exchanging of perspectives, knowledge, and values, which drives the extension of knowledge to 

different social actors and contexts, providing a chance for knowledge to be modified and 

expanded by different perspectives. Further, we have analyzed two different cases of anticipatory 

stakeholder workshops to illustrate some examples of the generative features in action, and the 

kinds of deliberative outputs and participant outcomes rendered from the generative deliberation. 

Our case studies demonstrate some challenges for practitioners and researchers to consider when 

it comes to enabling reflexivity and potentially limiting social learning by setting and enforcing 

boundaries of discussion. Prior commitments and personal agendas may limit a participant’s 

desire to share knowledge and perspectives, which opens up the possibility for generative 

deliberation to partially fail in those cases. Bounding discussions is important to keep 

deliberative discussions on track, but knowing where to draw the line so as not to exclude 

valuable perspectives and limit the extension of knowledge can be challenging. 

This article is not meant to be an exhaustive list of what is possible for generative 

deliberation, but rather to contribute to a wider conversation about anticipatory engagement 

methods (Macnaghten, 2021). More case studies are needed to continue developing what 

structures of generative deliberation look like, the outcomes they produce. In addition, continued 
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theorizing on the purpose and applicability of generative deliberation can enrich the conversation 

promoted in this article; that generative deliberation is useful for anticipation and contributes to 

socially robust knowledge. Further research that investigates generative processes across other 

cases of anticipatory stakeholder engagement with emerging science and technology can 

continue to develop the generative approach.  
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Chapter 3: Exploring Stakeholder Information and 
Knowledge Exchange on Pest Resistance Management: A 

Qualitative Network Approach 

Introduction  

Herbicide and insecticide resistance is an increasingly serious cooperative management 

challenge in modern agricultural systems. Pest susceptibility to pesticide technologies is 

considered a key common pool resource that requires collective action at the landscape level to 

conserve effectively in a growing region (Ervin et al, 2019 ; Evans et al, 2018). Landscape scale 

coordination requires aligning best practices across operations across a multi-county area, which 

in theory extends the effectiveness of pesticide technologies for all growers (Jin et al, 2015 ; 

Tabashnik et al, 2013). However, some of the most significant barriers for implementing 

effective landscape resistance management practices are the social challenges associated with 

translating information and knowledge into practices at the local level (Jussaume & Ervin, 2016, 

2014).  

Previous work addressing social challenges of resistance management have focused on 

knowledge adoption challenges and influencing grower decision making. Examples include 

studies that have suggested reforming regulations and policy incentives to enhance the adoption 

of resistance management practices (Carriere et al, 2020 ; Barret et al, 2016 ; Hurley, Mitchell, & 

Onstad, 2014). Others have offered economic analyses to show the cost benefits of implementing 

resistance management (Livingston et al, 2016 ; Milne et al, 2015) in the hopes that such 

knowledge will support adoption. Others focus specifically on adapting communication practices 

from expert sources to speak to individual grower knowledge, identities, and concerns to 

enhance education and understanding (Arbuckle, 2014 ; Wilson, 2009 ; Kaup, 2008).  

Each of these perspectives describes an important component of the social challenges 

related to adoption issues (Yoder, et al 2019). However, few studies have accounted for networks 

of social relations as a factor in the translation and adoption of resistance management 

information and knowledge. Social relations provide important information on social capital and 

social learning in innovation networks (Skaalseen et al, 2020 ; Hermans et al, 2015 ; Klerkx et al, 

2012). Networks with a lack of social capital and social learning interactions between different 
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stakeholders will struggle to develop and adopt collective approaches to managing resistance 

(Evans et al, 2018 ; Ervin & Frisvold, 2016 ; Reed et al, 2010). This is an important gap to 

remedy, as the scope for improving adoption includes possible interventions in the relationships 

within the multi-stakeholder networks surrounding resistance management (Gould et al, 2018 ; 

Lubell et al, 2014).  

In this study, we adopt a qualitative network analysis under an agricultural innovation 

systems framework to investigate personal network structures, learning interactions, and forms 

of social capital in multi-stakeholder networks around resistance management. Our overarching 

goal is to generate insights on building future collective action around resistance management. 

Our analysis has three exploratory aims: 1) identify key stakeholder relationships around the 

information and knowledge exchange regarding resistance management; 2) explore the nature of 

social learning interactions around resistance management; 3) understand how trust and 

reciprocity are built in the relationships around information and knowledge exchange.  

The structure of the article proceeds as follows. First, we background the impetus for our 

study in a review of common resistance management practices, adoption challenges, and the 

impact on trends of increasing herbicide and insecticide resistance evolution. We further explore 

shortcomings in communication and coordination of information and knowledge through the 

lasting influence of traditional institutional technology transfer. Second, we introduce an 

agricultural innovation systems perspective as the guiding framework for our study, and describe 

how our qualitative network approach functions within this framework. In our data collection 

and analysis sections we carefully walk through the steps of this qualitative network approach to 

illustrate its multifaceted usage of ego network and qualitative data. Results and discussion are 

presented in three sections that report on the subjects of our exploratory study aims: 1) personal 

networks and communication topics; 2) social learning interactions; and 3) social capital. Study 

results suggest some key insights on opportunities and barriers for future collective action in our 

case context of Eastern North Carolina. In conclusion, we offer our study design as a starting 

point for pursuing future network studies on the social landscape of resistance management in 

other contexts.  
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Resistance Management: Practices and Adoption Challenges   

Two of the most salient resistant management practices are 1) rotating chemical modes of 

action for spraying pesticides and 2) refuge planting. Chemical rotation involves switching 

between different types of pesticides to expose insect or weed pests to different modes of action. 

Conventional wisdom suggests that reduced exposure to a single chemical product over the 

course of a growing season decreases the ability for a pest species to develop resistance to the 

inhibiting effects of those specific chemical ingredients (Beckie & Harker, 2017 ; Norsworthy et 

al, 2012). Refuge planting also aims to reduce the rate of resistance evolution. Genetically 

engineered (GE) crop varieties that express a bacillus thuringiensis (Bt) gene produce an 

insecticidal toxin within the plant to combat insect pests. The idea of a “refuge” is to plant 

certain areas of a field with non-Bt crops to reduce the selection pressure on insect pests. With 

more space in the field for non-resistant individuals to survive and reproduce, the rate at which 

the entire population develops resistance to the Bt toxin will be reduced (Huang et al, 2011 ; 

Alstad & Andow, 1995).  

Models suggest that these resistance management strategies work in theory, but they 

encounter challenges when translated and adapted across different local contexts to achieve 

desired landscape level effects. Evidence of increasingly rapid herbicide resistance evolution has 

been demonstrated in multiple contexts (Gaines et al, 2021 ; Roma-Burgos, 2018 ; Peterson et al, 

2018) despite the increased attention on promoting chemical rotation practices (Beckie et al, 

2019 ; Beckie and Harker, 2017). Likewise, there is evidence that several species of insect pests 

are developing increasing resistance to Bt toxins in GE crops (Tabashnik and Carriere, 2019, 

2017 ; Gassman et al, 2019 ; Umina et al, 2018) despite widespread promotion of refuge planting 

concepts and ideas (Onstad et al, 2018 ; EPA, 2017 ; Carrol et al, 2012). 

Traditionally, a formal institutional approach to translation and adoption is through a 

linear model of technology transfer, where scientific knowledge is passed down from technical 

experts (e.g. researchers, extension) to users (e.g. growers), and eventually distributed from user 

to user. Technology transfer prioritizes top-down communication of scientific knowledge, and 

crafting broad incentives and regulations to encourage field-level adoption (Koutsouris, 2017 ; 

Ervin & Jussaume, 2014). Researchers have laid out several long-standing critiques of this model 

for being overly simplistic, and following a set of problematic assumptions: 1) that growers 

operate under similar attributes of “rational” thinking and decision making and will respond to 
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top-down regulations and incentives ; 2) that growers will communicate knowledge and pass 

along innovations to other growers in the system; and 3) the role played by scientific expertise is 

to provide education and technical assistance within knowledge systems, which encourage 

adoption (Koutsouris, 2017 ; Hall et al, 2003 ; Leeuwis, 2000 ; Roling, 1992).  

Despite these critiques, concepts from technology transfer have occupied the attention of 

extension and industry trying to facilitate adoption of resistance management practices. Many 

extension and industry strategies still rely on building awareness of resistance evolution through 

top-down science education, and providing technical assistance to support voluntary adoption of 

resistance management practices (Ervin and Jussaume, 2014). Researchers have supported those 

strategies in suggesting that a lack of education on the importance of resistance management 

(Reisig, 2017 ; Dong et al, 2016) and a lack of economic incentives (Hurley & Frisvold, 2016 ; 

Hurley, Mitchell & Onstad, 2014) play the largest role in why some growers do not adopt 

resistance management strategies. While those factors are important to understand and consider, 

they address a limited picture of the different factors that influence adoption.  

Other researchers have called for scholarly attention on how networks of social relations 

influence the adoption of resistance management practices (Gould et al, 2018 ; Ervin & 

Jussaume, 2014) and could be structured to support cooperative management approaches (Evans 

et al, 2018 ; Ervin & Frisvold, 2016). This is anchored in the idea that mechanisms of trust-

building, learning, and the integration of multiple forms of knowledge between networks of 

actors surround the adoption of new practices (Skaalsveen et al, 2020 ; Kolleck & Bormann, 

2014 ; Orezcyzn et al, 2010). Values, concerns, and constraints of different stakeholders must 

also be considered to form effective models for coordinating adoption across the landscape 

(Shroeder et al, 2018 ; Ervin et al, 2019). A different approach to understanding adoption should 

therefore consider the relationship between the social landscape and innovation and focus on 

these factors that support cooperation in the management of resistance (Bagavanthiannan et al, 

2019 ; Asmus & Schroeder, 2016).  

The Agricultural Innovation Systems Perspective  

Agricultural innovation systems (AIS) is a promising framework to address gaps in the 

adoption literature on resistance management. AIS focuses on the relationship between the 

processes of innovation (e.g. knowledge translation, adoption) and communication as a product 
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of complex and unique social relations in heterogeneous networks of actors (Klerkx et al, 2012 ; 

Hall et al, 2003). As a result, AIS broadly understands innovations as collectively derived, and 

emphasizes the study of factors that enhance collaborative exchanges between multiple 

stakeholders involved in innovation. Under this framework, factors such as social capital and 

social learning are very important to analyze in the study of information and knowledge 

exchange (Skaalsveen et al, 2020 ; Hermans et al, 2015).  

In terms of social learning, AIS recognizes that multiple forms of knowledge - both 

codified and experiential -  are communicated through different learning interactions between 

heterogeneous stakeholder groups (Hall et al 2004). In this sense, actors in different roles gain 

new information and knowledge by interacting with one another in an innovation system (Klerkx 

et al, 2012 ; Kilelu et al, 2011), which can result in group-level changes in attitudes and behavior 

for multiple stakeholders (de Kraker, 2017 ; Reed, 2010). In terms of social capital, AIS 

recognizes the role of trust and reciprocity in supporting adoption. Reciprocal relationships that 

facilitate the building of trust enhance collaboration between actors within the same subgroup 

(e.g. bonding ties) (Skaalsveen et al, 2020) and enhance the exchange and uptake of new 

information and knowledge between different subgroups (e.g. bridging ties) (Cofre-Bravo et al, 

2019 ; Clark et al, 2011). Adoption is enhanced when the conditions surrounding these 

relationships are ideal for building trust and maintaining reciprocity.  

The AIS perspective evokes three questions that are important for studying information 

and knowledge exchange networks in the context of pest and resistance management. First, what 

is the structure of the networks of key stakeholders involved in communicating and translating 

best management practices? Importantly, key stakeholders refer to growers and non-growers who 

jointly facilitate translation of practices. Second, what kinds of social interactions facilitate the 

exchange of information and knowledge around resistance management, and what impact do 

these interactions have on different stakeholders? The nature of interactive learning mechanisms 

can offer insights on the formation of tacit and shared knowledge on resistance management, 

which influence the adoption of technologies and practices (Skaalsveen et al, 2020 ; de Kraker, 

2017 ; Wood et al, 2014). Third, how is trust and reciprocity built in the different relationships 

across the network? High degrees of social capital can enhance collaboration between different 

stakeholder groups, and so the capacity to build trust and reciprocity is key to building future 

collective action (Barnaud et al, 2018 ; Dowd et al, 2014) in resistance management. Answers to 
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these questions provide a deeper understanding of the social relations surrounding the translation 

and adoption of knowledge on resistance management, and how they generate opportunities or 

create barriers to building future collective action.  

Methods: A Qualitative Network Approach 

Two approaches to studying social capital and social learning within social networks 

have been employed in the context of agricultural innovation systems. The first is concerned 

with studying large network structures and producing quantitative measures on patterns of 

network connections, trust, and influence between different stakeholders in the network 

(Hermans et al, 2017 ; Klerkx et al, 2010). Measures like centrality, brokerage, and structural 

holes are useful for understanding the patterns of communication and knowledge flow and 

patterns of trust and influence that exist in large networks of stakeholders (Kolleck & Bormann, 

2014). Some researchers have also used quantitative studies to understand how collaboration is 

affected by stakeholders with various levels of influence (Hermans et al, 2015 ; Issac et al, 

2012).  

A second approach is to investigate networks at a smaller scale and analyze the unique 

network dynamics of specific groups through individual “ego” networks (Crossley 2017 ; 

Borgatti et al, 2013). Studies of this kind can utilize both quantitative and qualitative analysis to 

investigate local relationships anchoring information and knowledge exchange. Qualitative 

analysis is focused at the ego level of social network structure, where patterns in the structural 

dynamics and perspectives across different social exchanges can be studied in greater detail 

(Fuhse & Mutzel, 2011). Analyses are valuable for generating insights on factors such as trust, 

reciprocity, shared expectations, shared knowledge, individual identities and meaning-making 

(Fuhse, 2021 ; Mutzel, 2009). Research in this area has focused on a number of different 

questions, such as how new network connections develop around innovative practices such as 

no-till farming (Skalsveen et al, 2020), how stakeholders build collaboration around biodiversity 

and land-use decision making (Graham, 2019 ; Hauck et al, 2016), or how information and 

knowledge are disseminated in a between local arrangements of growers (Cadger et al, 2016). 

Researchers have found that qualitative approaches produce stable and valuable results on ego-

network relationships in less time than quantitative methods when utilized in exploratory projects 

(Wutich et al, 2020) looking at collective action (Bourne et al, 2017).   
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We apply this qualitative network approach in the context of resistance management to 

identify the personal network connections between key stakeholders and analyze relational 

dynamics that impact the translation and adoption of knowledge (Bourne et al, 2017 ; Prell et al, 

2009). Our aims are to explore the following: 1) structures and composition of different 

stakeholders’ personal communication networks on issues related to pest and resistance 

management; 2) the capacity for interactive social learning; 3) social capital generated within 

these relationships. No study investigating stakeholder relationships around pesticide resistance 

management has to our knowledge yet been reported. 

Site Selection and Participant Recruitment 
Study participants were recruited from Beaufort, Washington, Tyrell, Hyde, and Pamlico 

counties in eastern North Carolina that comprise part of a field crop production region known 

colloquially as the “blacklands”. The name is reflective of the rich, organics-heavy soils that are 

signature to the region. We selected this region to study for two reasons. First, we had 

established relationships with extension specialists and growers from the area from past 

professional experiences. Second, as a field crop growing region, eastern North Carolina is a 

prominent region in the Carolinas but relatively understudied in the agricultural social sciences 

when compared to other growing regions in the United States. Only a few studies thus far have 

specifically investigated stakeholder perspectives and approaches to resistance management in 

the region (Brown, 2018 ; Reisig, 2017).  

 Participants were recruited based on their membership in different stakeholder groups 

that played a role in the development, dissemination, and application of knowledge on issues 

related to resistance management in commodity crop production (e.g. corn, soybean, cotton, 

etc.). In addition, the professional activities had to take place within the regional boundaries of 

eastern North Carolina. For example, we did not pursue extension agents whose regions were in 

central or western North Carolina, nor did we pursue growers in eastern North Carolina who 

mainly grew non-commodity crops such as vegetables. In terms of sample size, We successfully 

recruited 25 study participants who filled out the questionnaire, which included growers (n = 10), 

extension agents (n = 10), industry representatives (n = 3), and government employees (n = 2). 

Only n = 7 of our growers elected to participate in the interview portion of the study, resulting in 

a sample of 22 for the interview protocol.  
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Data Collection: Questionnaire and Interview Protocol  
Our data collection consisted of two steps: an electronic questionnaire and a live 

interview. Participants were first asked to fill out the questionnaire and submit results to the 

research team. Upon completion of the questionnaire, participants were then invited to 

participate in a live interview either over the phone or through video chat, in accordance with the 

participant’s preference during an active phase of the COVID-19 pandemic. Most of these 

interviews were conducted live via the phone, and a few over video chat.  

Our data collection protocol was designed to gather two forms of data: 1) social ties 

illustrating personal network connections to other stakeholders and 2) perspectives on social 

interactions with other stakeholders. Network data were elicited in the electronic questionnaire, 

which asked participants to list the names of individuals that they communicated with on issues 

related to pest management and resistance management (see appendix A). This name-generating 

(Crossley et al,  2017 ; Borgatti et al, 2013) portion of the survey was critical to identifying the 

social ties of each participant around information and knowledge exchange. Participants were 

able to list up to 15 names and occupations of unique individuals, with no restrictions on the 

exact type of communication they used with that individual. This activity produced 122 different 

names across the 25 different personal networks of our participants. For each individual named, 

participants were then asked some basic name-interpreting (Crossley et al,  2017 ; Borgatti et al, 

2013) questions about the nature of that relationship, such as how long they had known each 

other, the preferred method of communication, and the kinds of subjects usually discussed (see 

appendix A). We also asked basic questions on stakeholder learning, trust, and value alignment 

with other stakeholders in their personal networks (see Table 1 ; see appendix A). Those 

questions were constructed using likert scales (1-5), and asked about level of knowledge, trust, 

personal and professional value alignment, and knowledge adoption.  
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Figure 3.1: Linkert scale questions on the social ties of stakeholder personal networks  
Likert Scale: 
 
1 = Strongly Disagree    2 = Disagree    3 = Neutral    4 = Agree    5 = Strongly Agree 
 
Questions: 

1. I find this person to be very knowledgeable  
 

2. This person is a trusted source of information  
 

3. I regularly apply what I learn from this person in my job activities  
 

4. This person’s professional goals and interests are aligned with mine  
 

5. This person’s personal values are aligned with mine 

 

Live, semi-structured interviews followed the completion of the electronic survey (see 

appendix B). Every participant was given the opportunity to participate in this interview portion, 

but some participants opted out. In total, n = 22 interviews were conducted. The first part was 

specifically designed to follow up on the name interpreting questions of the electronic interview, 

asking participants to recollect communication events with specific alters they had named in the 

survey, and responding to the following questions:   

 
● What kinds of specific topics did you usually talk about?  
● What kinds of things do you learn from this person?  
● What do you think this person learns from you?  
● From your perspective, what makes this person a good source of information and 

knowledge? 
 

The goal of this first part of the interview was to gather more information on the kinds of topics 

discussed between participants and other stakeholders in the network and what participants took 

away from these interactions. Part two of the interview focused more on the participant’s 

perspectives and experiences related to pest and resistance management. The interviewer asked 

the following questions:  

 
● What are your biggest concerns related to insecticide resistance and herbicide 

resistance? 
● Are you concerned more about insecticide resistance or herbicide resistance? 

Why? 
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Live interviews were conducted between September 2021 and March 2022. Interviews 

lasted anywhere from 45-90 minutes. This activity produced roughly 25 hours of recorded 

audio/video for analysis. All audio was partially transcribed either by hand or by transcription 

software provided by the North Carolina State University ZOOM platform. All audio and video 

files were stored securely in encrypted data files on North Carolina State University's secure 

cloud servers in accordance with IRB approval from North Carolina State University 

Institutional Review Board under protocol #23956.  

Data Analysis  
Data analysis proceeded in two steps: an ego-network analysis of personal network ties 

and a qualitative analysis of interview data (Bourne et al, 2017). For the ego network analysis, 

personal networks were built for each stakeholder based on the social ties identified in the 

network survey. The degrees of each ego (number of different individuals named in a personal 

network) and alters (showing the number of egos who named a particular alter) and the total size 

of the network (e.g. total number of ties; total number of nodes) were calculated using social 

network analysis software UCINET (Hanneman & Riddle, 2005). Tie dispersion (number of ties 

that a node has with other node subgroups) was tallied to gain an understanding of which actor 

subgroups were most often connected to another (Borgatti et al, 2013). Lastly, we constructed 

summary statistics for questions focused on communication, such as how often egos and alters 

interacted with each other, what kinds of topics they usually talked about, and in what locations. 

We also summarized data from questions about ego-alter relationships, such as how long an ego 

and alter had known each other, what their relationship status (e.g. friend, business contact, 

neighbor) was, and the influence of those relationships on each ego.  

Next, we performed an analysis of social learning and social capital based on two data 

outputs: 1) the structure of bonding and bridging ties across personal networks (Borgatti et al, 

2013) and 2) the participants' experiences and perspectives on learning interactions, trust, and 

reciprocity in the qualitative interview data (Bourne et al, 2017). We first tallied up the total 

bridging ties and bonding ties for each participant and compared how different personal network 

structures indicated different potentials for social learning based on these ties. For the purpose of 

this analysis, we used a basic definition of bonding and bridging ties, where bonding ties refer to 

connections between a stakeholder and members of their same subgroup (e.g. grower, extension 



 

60 

agent, industry representative) and bridging ties as connections to members of different 

subgroups.  

Next, we used a thematic coding scheme to draw out perspectives related to social 

learning and social capital within the personal networks (Charmaz, 2006). Specifically, we 

selected and analyzed quotes that illustrated egos' experiences in learning interactions and their 

perceptions on trust and reciprocity in their personal networks. For social learning, we coded 

participant interview responses to draw out the different types of learning interactions 

experienced by our participants and their perspectives on how these experiences affected their 

use of resistance management knowledge. We highlighted different sections of the interview 

transcripts with the codes like “LEARNING” and “IMPACT” to indicate moments when they 

took up new information and knowledge, and the kind of impacts that learning had on a 

participant’s practices. For social capital, we coded our interview data for participant 

perspectives on trust, reciprocity, and value alignment in their personal network relationships. 

We used simple codes like “TRUST” and “VALUES” and “GOALS” to indicate when 

participants talked about their belief in other stakeholders and their perceptions on how their 

values and goals aligned with others in their personal networks. All coding and qualitative 

analysis was conducted using the Dedoose platform (Salmona & Lieber, 2020).  

Sampling Limitations  
In qualitative thematic analysis, saturation is an important concept for determining the 

analytic rigor of qualitative work. While there is not a standardized set of conditions for 

determining saturation, researchers have suggested several models for contextualizing its 

principles for different approaches to qualitative research (Saunders et al, 2018). The most 

prominent form of saturation is theoretical saturation. This refers to when the range of 

respondent categories represents the full heterogeneity of the social groups under study and the 

data analysis is able to build comprehensive analytic themes, concepts, and theory (Saunders et 

al, 2018 ; Starks & Trinidad, 2007 ; Glaser & Strauss, 1967). This is achieved via comprehensive 

sampling, when all respondents with relevant perspectives have been included in the data 

collection to the point where no new ideas and perspectives are being expressed during 

interviews (Starks & Trinidad, 2007 ; Glaser & Strauss, 1967).  
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Our sample sizes of growers (n = 10 for questionnaire, n = 7 for interviews), extension 

agents (n = 10), industry representatives (n = 3) and government employees (n = 2) did not prove 

comprehensive enough for achieving theoretical saturation and building comprehensive analytic 

themes, concepts, or theory in our case (Morse, 1995). Some researchers suggest that in sampling 

individuals from relatively homogenous social groups, a minimum of twelve interviews can be 

enough to reach theoretical saturation, with six interviews as a minimum for detecting “meta 

themes” or strands of analytic categories (Guest, Bunce, and Johnson, 2006). Our data from 

growers and extension agents was viable for determining some suggestive theoretical “strands” 

(Saunders et al, 2018) of data across the different individual personal accounts in interview data. 

However, these samplings were not robust enough for building definitive meta-themes as we did 

not sample from relatively homogenous social groups. First, in the case of our extension agents, 

while agents serve in very similar professional roles they come from different backgrounds and 

harbor different forms of expertise. In addition, given that they operate in different counties in 

eastern North Carolina, they are also situated in different networks of growers, surrounded by 

different environmental conditions and therefore responding to different problems. An n = 10 

sample size is simply not enough to capture the full diversity of what extension agents are 

experiencing in eastern North Carolina, and reach theoretical saturation. 

 Second, growers in eastern North Carolina are also not a homogenous social group. 

Differences in acreage, education, financial status, age, and ethnicity are all elements of 

heterogeneity for farm owners and operators in this region. Prior research has suggested that 

growers exhibit a heterogeneity of perspectives, preferences, and behaviors related to different 

policies and practices as a result of their diverse experiences and identities (McGuire et al, 2015 ; 

Banerjee et al, 2021 ; Niskanen et al, 2021). In addition, prior research has suggested that 

growers draw upon heterogeneous relationship structures in information and knowledge sharing 

(Skaalsveen et al, 2020 ; Wood et al, 2014). An n = 7 sample size does not capture this 

heterogeneity of growers in a way that achieves theoretical saturation and the constructing of 

comprehensive analytic categories or theory. For industry representatives (n = 3) and 

government employees (n = 2) we did not sample enough respondents to approach the minimum 

number of interviews suggested by Guest, Bunce, and Johnson for building meta-themes, and do 

not consider the strands of data from these interviews as building blocks for thematic categories. 
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Largely due to the constraints of the COVID-19 pandemic, our sampling capabilities 

limited our study capacity for achieving definitive results. However, as an exploratory study our 

data are viable for producing suggestive insights. The strands of data that resulted from our 

qualitative analysis start to build patterns for thematic categories, but their explanatory power 

must be understood in the context of our limited sample size. Therefore, while this exploratory 

analysis does not produce definitive results and robust categories, we do utilize suggestive 

insights to point towards possibilities for future research. 

Personal Networks and Communication Topics 

In total, 161 social ties (e.g. undirected network edges) exist across all participants’ 

personal networks of information and knowledge exchange around resistance management, with 

an average degree of 6.48 ties per ego. Five main categories of stakeholders comprised personal 

network ties around information and knowledge exchange for pest and resistance management: 

growers, extension agents, researchers, industry representatives (e.g. seed dealer; chemical 

suppliers) and crop consultants (see figure 3.2). The largest personal network reported had 14 

ties (see figure 3.2, 1a), while the smallest ones had 2 (see figure 3.2, 1j) indicating a variable 

range in how many individuals stakeholders communicate with about resistance management 

issues.  

Stakeholders reported different types of relationships in their personal networks around 

information and knowledge exchange. By far, the most common type of relationship our 

participants described having with their network ties was of a professional nature, either as a 

“business contact” (42%), or “co-worker” (21%). To a lesser extent, respondents classified some 

of their network ties as friends (19%), community members (10%), family (5%), mentors (2%) 

and neighbors (1%) (see figure 3.3). Most of these relationships have existed for at least 5 years 

(55%) and a significant portion of those relationships are older than 10 years (32%) (see figure 

3.4). Topics discussed in these interactions between different stakeholders were spread 

somewhat evenly across the 4 main categories of interest to this study. Weed control was 

reported as discussed at the highest frequency at 29%, followed by insect control at 26%, 

herbicide resistance at 25%, and insecticide resistance at 20% (see figure 3.5). 
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Figure 3.2: Sample personal networks of different stakeholders - Above are examples of the different star diagram configurations 
of personal networks constructed from name-generating questions on the network questionnaire
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Qualitative data revealed differences in the nature of discussions around resistance issues. 

When we asked participants to describe the topics at the center of their communication about 

resistance management to other stakeholders in their personal networks, we found that 

stakeholders have different reasons and motivation for communicating based on their 

professional role. For example, extension agents communicated with growers mainly as a way to 

share information and educate growers on best practices in the context of promoting adoption 

(see excerpts #1, quote #1). Extension agents reported passing on information they received from 

extension-based sources that focused on the relationship between pest and resistance 

management (see excerpts #1, quote #2). Agents perceived that this long-standing effort has 

resulted in high levels of awareness in the grower community (see excerpts #1, quote #3). In our 

sample, growers pursued information and consultation on the best strategies for rotating different 

chemical modes of action as part of their resistance management program (see excerpts #1, quote 

#4). While there was some mention in our interviews of seeking information on cultural practices 

for resistance management (e.g. crop rotation, tillage, altering planting/harvest dates), most 

information and knowledge exchange from the grower side was focused on the topic of rotating 

chemical modes of action (see excerpts #1, quote #5) with extension and industry providing 

information on best practices (see excerpts #1, quote #6).  
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Stakeholders also reported that monitoring trends and conducting research on local 

resistance evolution was also a common topic of discussion. Industry and extension both cover 

information on resistance evolution, and both cite researchers as a source of information on those 

topics (see excerpts #1, quote #1, quote #2). Extension agents, however, described a more direct 

role in communication on monitoring local resistance trends. For example, in quote #9 in table 

two, an extension agent provides an example of how they regularly report potential sightings of 

resistant weeds to a local researcher, who then is able to test and confirm if that population is 

resistant. This suggests a potential important communication pathway between extension agents 

and researchers to monitor local resistance populations.  

 
Interview Excerpts #1: Communication pathways and topics of discussion  
 
Promoting best management strategies, practices, and adoption:  

1. “Now talking about the philosophy and theory of resistance management, we [extension] 
have preached that to death. For the last ten years we have been showing growers how it 
occurs and why it occurs, and I think we have made that point.” (Extension agent, ego 
#10) 

2. “Anytime we have training we always listen closely to [extension specialist] and others 
who talk about new chemistries to help us further deal with this problem of herbicide 
resistance… but up until maybe the last year or so, the prevailing message has been that it 
is going to be hard to get new chemistries, so we would have to do a better job at 
managing with what we have, and to rotate chemistries… and I teach chemical applicator 
training, and that is one of the things we harp on a lot. I say ‘make sure you are rotating 
your herbicides to buy time for when that day comes, when you do not have these tools 
because resistance has fully occurred.” (Extension agent, ego #12) 
 

3. “Extension talks about the science side of understanding resistance a lot, and extension 
has drilled that into farmers. They know what is going to happen when they utilize the 
same herbicide over and over, or what will happen if they try to do things like cut rates or 
try and spray when the weeds are too big. We [extension] have show that the science 
proves what will happen if they do not follow what they are supposed to do… they 
[extension] are also speaking a lot and keeping farmers up to date on what they need to 
be doing, like recently a lot of farmers have started utilizing pre-emergent herbicides 
more often, whereas in the past they were more reluctant. So extension has done a good 
job of starting to get people used to pre-emergence, which is helping with resistance” 
(Extension agent, ego #6) 

Seeking and sharing information on products usage and efficacy:  
4. “I use my crop consultant – I've worked with them for years now – probably on a week-

week basis during certain points of the season, or if there is an outbreak later in the year 
that needs to be addressed I will work with them a little bit more frequently… Extension 
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research on resistance is useful, and I like to keep tabs on that, which is why I was at the 
[extension meeting]. But resistance, it is really more about big picture stuff for me, and I 
do not directly consult with [research] specialists more than maybe once or twice a 
year… If I really need some last minute information I can not get anywhere else, I will 
try my local extension agents.” (Grower, ego #9) 

 
5. “I generally reach out to extension people for information on general [resistance] 

management practices, like options for different chemical rotations, to get some idea of 
[economic] thresholds, and cultural practices I can use as a manager. I do that ahead of 
the season, usually, if I am trying to get some background on some things.” (Grower, ego 
#16) 

 
6. “Part of our responsibility is to make sure we are stewarding products properly by 

communicating with our customers the proper usage of these products. We have to utilize 
them in a way where we do not lose them, that is definitely a responsibility of companies 
like [company] to not launch products in a way that encourages improper usage, so we 
can maintain these tools for the future.” (Industry representative, ego #25) 

 
Monitoring trends and research on local resistance evolution:  

7. “That is where the values and practices of extension and our company align. We want to 
make sure we have the right tools and recommendations for our customers to produce 
good yields and keep their land productive, and extension keeps more of a finger on the 
pulse of where the resistance issues are at. So like, if there is a population of pigweed 
(Palmer amaranth) close by that is not being killed by a certain herbicide, I will probably 
hear about it at the extension meetings I attend… and I think that is the critical point of 
communication, between extension and industry, like we kind of ask ‘ok what is the state 
of the [resistance] problem’ and then we take that information and say ‘ok, lets see what 
other tools we have to fix that [resistance] problem.” (Industry representative, ego #13) 

 
8. “I follow a lot of the work being done by [researcher] on the Bt crops, and we are seeing 

that in the new research coming out, at least on the corn side, the non-Bt versus the Bt 
crops are not showing a lot of different in terms of yield, as long as you are managing 
insects properly…and the Bt crops do not seem to be controlling worms like they used 
to…I think we are starting to see some issues with resistance to those products.” 
(Extension agent, ego #4) 

 
9. “I’ve worked directly with [researcher] and their graduate student, and we together 

identified a new resistance in the area…What I did was mention it to [researcher], I said 
“I do not think this is a palmer [amaranth], I think its one of the grasses or something that 
is native to our area’ and he sent his graduate student out to collect it, and identified it as 
the one native to our area, and that we had resistance in that… and there are other 
examples of other agents who have done the same thing.” (Extension agent, ego #1) 
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We did not encounter any stakeholder in our sample who was not aware of the pest 

susceptibility problem. However, levels of concern did somewhat vary. Our questionnaire asked 

participants to rate their level of concern about insecticide resistance and herbicide resistance on 

a likert scale of 1-5. Overall participants in our sample were more concerned about herbicide 

resistance, rating concern over herbicide resistance at a 4.52, while insecticide resistance was 

rated at a 3.52. Concerns for herbicide resistance revolved heavily around the lack of alternatives 

available to control for resistant weed species (see excerpts #2, quote #1, quote #2) and the 

consequences that would be felt by growers if new tools were not made available (see table 3, 

quote #3). Insecticide resistance was acknowledged as a problem, but some stakeholders 

perceived the problem as less damaging compared to herbicide resistance (see excerpts #2, quote 

#4). Only one stakeholder explicitly stated that they were more concerned about insecticide 

resistance (see excerpts #2, quote #5).  

 

Interview Excerpts #2: Concerns over herbicide and insecticide resistance 
 
Concern for herbicide resistance:  
 

1. “My biggest concern is that the research pipeline takes a long time to get from product 
discovery all the way to launching in to the market for customers to use. Its a very long 
process, and its a very expensive process for a company like [company]…Its a huge 
challenge that I see, and our customers, our farmers, they need more tools. We’re losing 
tools every day to resistance. ” (Industry representative, ego #13) 

 
2. “I think my concern is a more general concern in that we are just not putting enough 

resources into agricultural research. Herbicide resistance, you know it is one of those 
things that we could tackle more effectively if we had more public attention and 
resources. We do not value public funded basic research in agriculture as much as we 
used to, I think that is the bigger problem.” (Government employee, ego #8)  
 

3. “I would say my biggest concern is that once a weed becomes resistant, there are not 
many alternatives to turn to. And if it is resistant, and if prices to plant crops go up you 
will see a lot of people close up shop, and go bankrupt… Unfortunately, maybe not so 
much here, but when that happens you get farmers that commit suicide to get life 
insurance because they feel like they failed, you know you hear stories like that all the 
time. And so I think that is my major concern, is that as things lose efficacy and 
alternatives fall to the wayside that it will really hurt the agricultural community as a 
whole.” (Extension agent, ego 4) 
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Concern for insecticide resistance: 
 
Less of a concern:  
 

4.  “The concerns that comes to my mind right away is that we have insect resistance among 
corn ear worm in peanuts, but the varieties we grow now have such capacity to have 
bigger vines that the threshold for these worms have actually been increased because the 
certain percentage within corn earworms, or bollworms, or army worms, not all of them 
are resistant, maybe just a third of them. So we seem to be making out ok with the tools 
we have now, although [extension specialist] is recommending a change in how we 
utilize pyrethroids to control these insects… But I can not remember any time when 
someone has called me with a specific problem of insect resistance to the products they 
are using. I can not name one.” (Extension agent, ego 12) 

 
More of a concern:  

 
5. “It is probably more a matter of having fear of the unknown than the tangible. You know, 

the herbicide resistance weeds are there, visible, they are happening and I know how to 
handle them. And at least the resistant weeds have come to the farm in a way that I can 
track, and at a rate that I could observe. It wasn’t like suddenly they all popped up on the 
farm…Insects are more out of control and invisible to me. I may have a problem with a 
resistance insect and I won’t know that I do, and when it occurs it becomes apparent to 
me not because I scout, or a consultant told me, it will be that I spray, and it fails. So now 
I have a mystery to solve, and its a movable thing that can happen in different fields over 
different seasons. Its an inability to pin those things down and have to rely heavily on 
someone else to identify it that makes those issues worrisome to me.” (Grower, ego #7) 
  
Our data show that stakeholders share a common concern for being able to manage 

herbicide resistance effectively. This is an important finding, as mutual concern is an important 

precondition for successful communication and future collaboration on addressing herbicide 

resistance (Bagavathiannan et al, 2019 ; Shroeder et al, 2018). We found it curious that concerns 

about insecticide resistance were a full point lower in the likert scale average compared to 

herbicide resistance. Previous research suggests that insecticide resistance is also on the rise 

(Gaines et al, 2021 ; Roma-Burgos, 2018 ; Peterson et al, 2018), so we expected a greater level 

of concern than what was reported by our sample. We wonder if this has something to do with 

the public visibility of the insect resistance problem, versus the herbicide resistance problem. It 

would be productive and interesting for future research to dive deeper into the differences 

between these levels of concern.  
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Social Learning Interactions   

Network questionnaire results indicate high levels of connectivity across different 

stakeholder subgroups, which are anchored in semi-frequent, reciprocal interactions. This 

indicates the potential for social learning to occur within the personal networks of our 

respondents (see figure 1). Several data points support this finding. First, tie dispersion is the 

measure of different ties that a stakeholder has across the other subgroups in a sample. Looking 

at tie dispersion across our respondents’ personal networks demonstrates partial patterns of 

different bridging and bonding ties in personal network connections to other stakeholder groups 

(Borgatti et al, 2013). Bridging ties are especially important, as they indicate a pathway to 

exchange information and knowledge from group to group, which supports the capacity for 

social learning (de Kraker, 2017 ; Reed et al, 2010). Bonding ties are ties between members of 

the same subgroup, and are important for building trust and social cohesion (Cofre-bravo et al, 

2019 ; Clark, 2011).  

All of the stakeholders in our study reported higher numbers of bridging ties than 

bonding ties. For example, extension agents reported most of their social ties were with growers 

(57%) followed by researchers (27%). Connections with other agents (9%) and industry (7%) 

were low by comparison. Grower ties, on the other hand, were more evenly distributed across the 

other subgroups, holding the greatest number of ties with extension agents (25%) and researchers 

(25%), followed closely by industry (23%), then consultants (16%), and the least with other 

growers (11%) (see table 4). We made note of this lack of grower ties reported in our sample. 

While these results could be a product of our limited sampling method, they could also suggest a 

lack of information and knowledge sharing between growers, which would be problematic for 

cooperation and collective action (Ervin et al, 2019).  
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 Table 3.1: Tie dispersion across subgroups - Ratios of social ties between different alter 
subgroups and each ego category 

EGOs Total Ties  Agents 
(Alter)   

Researchers 
(Alter) 

Growers 
(Alter) 

Industry 
Reps (Alter) 

Crop 
Consultants 
(Alter) 

Agent EGOs 
(n = 10) 

77 9% 27% 57% 7% 0% 

Grower EGOs 
(n = 10) 

44 25% 25% 11% 23% 16% 

Industry 
EGOs (n = 3) 

24 0% 0% 63% 29% 8% 

Government 
(n = 2) 

16 12% 50% 13% 0% 25% 

 
 
Second, stakeholders interact with one another about issues in pest and resistance 

management numerous times throughout the year at a number of different sites (see figure 3.6). 

The most common sites of interaction were over the phone (29%) and on the farm (25%). These 

sites were especially common with growers, with other stakeholders like extension agents and 

industry reps either fielding calls from growers, or traveling to visit them on their farms. 

Extension centers are also a common site for interactions (19%). Grower meetings and field days 

are hosted every year by extension on topics related to pest and resistance management and offer 

many opportunities for communication. They are attended primarily by growers, but industry 

reps, crop consultants, and governmental employees also participate. Online and social media 

(11%) and places of business (10%) were less common sites of interaction, and in the home (4%) 

and social events (2%) were the least common.  
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Most interactions occurred at a rate of a few times a year (44%), or once a month (39%) 

(see figure 3.7). Some stakeholders reported interacting as frequently as once a week (13%) and 

a few every day (4%) (see figure 3.7). The majority of these interactions were described as a 

two-way exchange of information and knowledge (64%), indicating that a respondent was much 

less likely to only receive (18%) or provide (18%) information to stakeholders in their personal 

networks (see figure 3.8). This suggests that stakeholders are engaged in two-way 

communication of information and knowledge across most personal network interactions.  
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Qualitative interview data revealed specific perceptions on the learning interactions 

between different stakeholders, which lead us to two important observations. The first 

observation is that growers and extension agents both reported on the significance of live, in-

person communication for social learning. Several stakeholders suggested that face-to-face 

communication had a positive impact on learning new information (see excerpts #3, quote #1), 

problem solving (see excerpts #3, quote #3) and relationship building (see excerpts #3, quote 

#3). Others talked more specifically about the value of direct participation in research 

collaborations and demonstrations as a more meaningful method to share and learn new 

information and knowledge (see excerpts #3, quote #4, quote #5). Specifically, the value of on-

farm research was highlighted by many growers as one of the best ways to learn new knowledge 

that helps improve their management practices (see excerpts #3, quote #5, quote #6).  
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Interview Excerpts #3: Perspectives on learning interactions between stakeholders  
 
Face-to-face interaction  

1. “When I talk to farmers face to face, I normally learn a lot. I have the resources provided 
to me as an extension agent, but they [growers] themselves are the ones that are actually 
applying the [pesticide] products and seeing how they work on their farm, and they 
understand what went well and what did not… I always learn a lot and usually relay that 
in some form to other farmers, because it is often a similar issue that they are seeing too.” 
(Extension agent, ego #6) 

 
2. “When I need recommendations for new problems, I usually go to extension. Like earlier 

this year, at the [extension event] I had conversations with [extension agent] about the 
billbugs that are becoming resistant to poncho, that can be a serious problem for us 
especially since we also lost our main over the top treatment. I am just not sure what our 
other options are for control, so I am working directly with them [extension] to think of 
potential solutions." (Grower, ego #7) 

 
3. “I think there is no substitute for meeting in person for developing a relationship with 

growers. When I came here out of college, in order to make a difference in what growers 
were doing recommendations really had to make a big difference. I had to really grow up 
in the position over time to make that difference. I learned from these people [growers], 
and they learned from me, and I had to be able to relax around them, and have those 
conversations about their operations that might challenge them to do something different. 
Its about having a rapport with the audience, and having the kind of relationships where I 
can be brutally honest about what I see and what they see.” (Extension agent, ego #12) 

 
Live demonstration and on-farm research 

4. “I held a scouting school this summer, which was a great opportunity for them [growers] 
to come and learn how to scout soybeans the right way, to learn what their thresholds 
were, and how to better preserve beneficial insects…One farmer that came, we scouted 
one of his fields during the demonstrations, and he had planned to spray it that afternoon. 
I said ‘do not spray it, see here all the beneficial insects you have?’ And that was a really 
good learning moment, where everyone got to see that even if you have stinkbugs, or 
some other pest, you have a whole lot of beneficial ones that are going to help take care 
of that. I know that he did not end up spraying.” (Extension agent, ego #3) 

 
5. “[Extension specialist] and [extension agent] are awesome about coming out to the field 

if you have a problem and doing on-farm research. They can do all the little plots that 
they want to on their own [at a research center], and they produce great information, but 
there is nothing like on-farm research trials. Those are real-life conditions.” (Grower, ego 
#15) 

 
6. “Getting research plots right out next to where we grow our crops brings it down to a 

field level and to an environment that we are used to managing. If everything stays on the 
research station, you know sometimes the weather and soil types just 20 miles away are 
completely different and the results are not necessarily applicable…I think most growers 
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use it as an opportunity to gain insights and help them with their own operation. I think it 
is a win-win for everybody.” (Grower, ego #16) 

 
 

The second observation from our data was that while growers seem eager to learn from 

other stakeholders from extension and industry about pest management, it is not always clear if 

learning about pest management translates to learning about resistance management. Quote #4 

from table 5 provides a great example of this idea. The extension agent describes an instance 

where an in-person scouting demonstration alters the behavior of a grower. The impetus for this 

behavioral change was the grower learning how to identify and quantify the number of beneficial 

insects in a field and understanding that not spraying a broad spectrum insecticide can preserve 

these insects that attack pest populations. Ultimately, the grower did not end up spraying to 

preserve the beneficial insects. But, did the grower not spray because beneficials require the use 

of less pesticide and using less pesticide can slow down the buildup of resistance? Or, did the 

grower not spray because they would save money and time on another pesticide application? If 

the latter, then arguably the grower has not learned anything about resistance management. If the 

former, that implies that learning about resistance management can be funneled through 

instruction on best pest management practices. This example from our interview data generates 

an important question for future consideration: does learning about resistance management 

always need to be channeled through learning about pest management? 

Social learning is a mechanism by which stakeholders build shared knowledge and 

purpose around issues of mutual concern (de Kraker, 2017 ; Reed et al, 2010), which can lead to 

stronger collective action. Our findings suggest that the personal networks of our sample 

stakeholders are conducive to this social learning based on 1) the dispersal of bridging ties 

linking individuals from different stakeholder groups together and 2) the frequent, reciprocal 

nature of interactions that happen between these different stakeholders. However, there are 

caveats to consider. First, it is not clear what role the place-based knowledge of growers plays in 

social learning around resistance issues and how this contributes to the development of new 

practices. Based on this study, it seems that growers provide knowledge on certain pest 

management challenges that contribute to developing new pest management strategies but 

contribute fewer insights on challenges related to resistance management. Could growers be 
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better positioned to contribute their own unique knowledge and experience to understanding and 

responding to resistance issues?  

Second, there are two potential gaps in the dispersal of ties that could be problematic for 

social learning: grower-grower ties, and industry-extension ties. Previous research has suggested 

that connections within the grower community can help drive the adoption of new knowledge 

and practices and facilitate collective action (Skalsveen et al, 2020 ; Wood et al, 2014). A lack of 

social connection to other growers on resistance management topics would suggest that growers 

largely do not influence each other’s adoption of knowledge or practices. This potential gap in 

the information and knowledge exchange network could be more or less prominent than what 

was present in our small sample size and deserves further attention in future research projects. 

Industry and extension exhibited a similar lack of communication ties on topics of resistance 

management. However, there could be more deep-seated institutional dilemmas that reinforce 

this communication gap on the basis of differing values and missions (Deguine et al, 2021). Data 

from greater numbers of industry representatives and extension agents are needed to explore this 

point further.  

Social Capital  

  This section focuses on social capital, which refers to the networks of trusting 

relationships that stakeholders manage and draw upon in information and knowledge exchange. 

Importantly, this study focuses on understanding how social capital is constructed in personal 

networks, and sees social capital as important for stabilizing relationships around collective 

action. Trust and reciprocity are especially important factors that have been linked to increased 

levels of support and cooperation in agricultural communities (Cofre-Bravo et al, 2019 ; Clark, 

2011). Participants in our sample gave high ratings for the knowledge, trust, applicability, 

professional goals and personal value alignment across the different sources of expertise in their 

personal network ties (alters) (see table 3.2). This confirms that our sample participants organize 

their personal communication network around trusting relationships, which supports the potential 

for these different stakeholders to cooperate on challenges related to resistance management. 
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Table 3.2: Alter ratings for knowledge, trust, applicability, goals, and values - Count of alter 
nodes across subgroups and count of ego-alter ties across subgroups. Average likert scores for 
name-interpreting questions from the network survey data are also displayed 

Alters # Nodes #Ties   Are they 
knowledgeable? 
(1-5) 

Trusted 
source? (1-
5) 

Apply 
what you 
learn?        
(1-5) 

Aligned 
goals? (1-
5) 

Aligned 
values? (1-
5) 

Agent 
Alters 

16 18 4.93 5 4.63 4.5 4.44 

Researcher 
Alters 

17 38 4.97 4.97 4.69 4.66 4.05 

Grower 
Alters  

70 70 4.55 4.23 4 4.17 4.12 

Industry 
Alters 

20 21 4.75 4.75 4.55 4.7 3.95 

Crop 
Consultant 
Alters  

9 9 4.87 5 4.5 4.87 4.25 

 
 

Qualitative data suggests that both extension and industry stakeholders were particularly 

concerned with building social capital with growers to influence their practices. Factors related 

to honesty, care, and community presence were the most important for building this social capital 

according to the perceptions of extension and industry stakeholders (see excerpts #4, quote #1). 

As ego 4 states, spending time and getting to know growers outside of a professional basis is part 

of the “important work of extension…we have this professional relationship, but they are also 

my friend” (see excerpts #4, quote #2). Care in these cases is demonstrated through the time and 

effort spent with growers, and trying to help improve their communities (see excerpts #4, quote 

#3). In addition, being honest about one’s knowledge, the limits of that knowledge, and being 

able to problem solve with growers was also seen as a key feature for building trust in 

relationships. Exercising humility in the face of uncertainty earns credibility in the eyes of the 

grower community, according to this perspective (see excerpts #4, quote #4). Lastly, building 

trust was also tied to status as a member of the community. Extension and industry stakeholders 
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described how living in the community with growers earns trust on the basis of a mutual interest 

in the success of that community (see excerpts #4, quote #5, quote #6).  

 

Interview Excerpts #4: Building trust with growers 
 

1. “When you are going to go talk to growers, you have to develop that relationship. They 
do not expect you to have all the answers, they just want the truth. Fortunately, the more 
wise we get as we get older, the experience does eventually bring us the answers! Once 
you build that relationship based on honesty, trust, they will begin to listen to you.” 
(Extension agent, ego 10) 

 
2. “I spend a little more time on visits with [grower] helping them out with something 

[mechanical] on the farm, or just shooting the [expletive], scouting, or giving my product 
recommendations. But that's the important work of extension, I think. We have this 
professional relationship, but they are also my friend… So when I do have something 
important to say about managing certain things like resistance, they will listen.” 
(Extension agent, ego 4) 

 
3. “When you go to grower meetings, or field days, it is not all about selling the product… 

Of course we are there partially to promote our product lines but even if we do not talk to 
one farmer, they see that we are here, they see that we show up and we are invested in the 
community. Whether we sponsor it [extension event] or not it is about showing we care 
about the community. If we do not you will hear talk from different growers saying 
things like ‘oh, did you see that [company] wasn’t at the field day? Yea, they do not care 
about us or what's going on.’” (Industry representative, ego #20) 
 

4. “I think the biggest thing is just the willingness to go out and have a conversation, just go 
out and talk and meet them [growers] where they are. And something I have noticed that 
I do myself when I am talking to somebody, especially in terms of an extension agent 
trying to figure out what someone’s concern is, I do not just say ‘here is the problem, 
figure it out’ I am more like ‘here is what I am seeing, here is what I am thinking, please 
do not take this as one hundred percent what it is, because I am unsure, but if i had to 
guess right now here is what I’d say it is. Let’s do some testing to be sure.” That way, 
they understand where I am coming from, they do not get the impression that I am just 
blowing smoke up their rear end, or that I do not know anything, they see that there is 
some thought and care put in to how I make my recommendations.” (Extension agent, 
ego #5). 

 
5. “Growers of course know me as their [company] sales rep, but also as their neighbor, 

their friend, as a part of their community. I mean, I am in church with a lot of these guys 
every weekend, you know? I even do a little bit of farming on my own. They know that I 
am part of their community and want to see them do well.” (Industry representative, ego 
#25) 

 
6. “People know me as part of the farming community through my family. A lot of the 
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growers know my dad, he farmed in the area for a long time. They know my family, that 
I have grown up in the area…so to me in agriculture, because it seems to be so 
community based, one thing I try to remember as extension agent is not always about 
being the smartest or knowing all the answers, or really about being right all the time. it is 
being able to talk to the farmer and communicate with them towards developing those 
relationships to where I am, as an extension agent, a trusted source of information. I think 
being a part of the community itself, it gets them to at least open the door, to at least 
listen to what I have to say. If they do not believe it, that is fine, at least I have put the 
bug in your ear, the thought in your head.”  (Extension agent, ego #1) 

  
 For the most part, stakeholders' personal networks structure trusting relationships around 

information and knowledge exchange, indicating the potential for cooperation. However, within 

our sample there were strands of data that suggested some potential barriers to cooperation. For 

example, the tie dispersion data showed a relative lack of grower-grower ties compared to ties 

with other stakeholder sub-groups (see table 3.1; see figure 3.2). Interviews revealed some 

possible explanations for the relative lack of grower-grower ties across personal networks. 

Excerpts suggest that growers might see each other as independent, somewhat competitive 

entities. As one grower suggested, “we do not collaborate a lot or work together on certain 

things, but we also do not do things to intentionally undercut our neighbors” (see excerpts #5, 

quote #1). Other growers suggested that social pressure is much more common than cooperation, 

especially when growers are implementing practices that define them as a “bad actor” in the 

context of resistance management (see excerpts #5, quote #2). Lastly, common goals and desires 

to “watch the horizon together” (see excerpts #5, quote #3) acknowledged that growers had a 

common interest in maintaining awareness on future challenges, but not an interest in responding 

to those challenges as a collective (see excerpts #5, quote #3). Perspectives such as these are 

problematic for future collective action, as they suggest a low willingness for growers to 

cooperate with other growers, and potentially a lack in trusting relationships within the grower 

community. If these perspectives are found to be more prevalent in the wider community beyond 

our sample, then there should be concern for growers' capacity to build trust and reciprocity to 

support collaboration.  
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Interview Excerpts #5: Potential barriers to cooperation on resistance management 
 
Within the grower community: 
 

1. “We are competitors, but we are also neighbors and to that extent we want them to 
succeed as well as us…We are independent though. We do not collaborate a lot or work 
together on certain things but we also do not do things to intentionally undercut our 
neighbors, either… I do not think its that we do not want to work together, I think it is 
more that we have different management styles, different numbers of acres, different 
types of equipment, different labor, and often different pest challenges in their operations 
than we face in ours.” 
 

2. “Cooperation is kind of defined as ‘here is one grower that is a bad actor and he needs to 
do better and all the rest of us are putting pressure on him to keep him from bringing 
things into the neighborhood and spreading it around.. but after it becomes more of a 
ubiquitous problem, then the same people that may have been pointing the finger now are 
focused on addressing the problem on their own farm. If there is a pariah, then we can 
jump on him, but if it is everybody we are just going to co-exist with the problem.” 
(Grower, ego #9) 

 
3. “I think there is potential for us [growers] to be watching the horizon together, but less 

potential to be watching the property line. I think things that are of a general nature 
coming from way off giving us [growers] all a heads up on something are ok, but in terms 
of someone saying ‘I’ve got this problem in my crop, you need to be on the lookout of 
seeing it down the road in your crop’ we might not be that magnanimous or cooperative.” 
(Grower, ego #19) 

 
Between extension and industry:  
 

4. “When it comes to extension recommendations, and industry product recommendations, 
where the problem arises is if you are a dealer, and your most profitable product is not the 
one that extension and others recommend, you are still going to recommend that most 
profitable product. And there may not be anything wrong with it, it might be a great 
product. But then when you start getting in to resistance management then you have to 
start looking at some of those issues as an agent and say ‘hey, there are better things out 
there, here is what you need.’” (Extension agent, ego 10) 

5. “A lot of farmers go to the company rep that they buy the most stuff from, and the 
company rep their job is to sell so they are going to go out every couple of weeks and talk 
to the farmer. I know they are all aware of it [resistance] and they want to make sure the 
farmer does well, I do not think I’ve met a single one that cares only about money and 
profits, but at the same time if information only comes from the company, they are only 
going to care about selling their product. They will recommend the rotating, they will 
recommend to use something else, but I fear that some of them are saying ‘my product is 
the best product’ whether it is or not, and do not have any proof of this. I’ve heard the 
rumors of not quite the best done research to prove their product is the best, in some way 
shape or form from company trials.” (Extension agent, ego #18) 
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 Another potential barrier to cooperation potentially exists between extension and 

industry. Questionnaire results produced very few personal network connections between 

stakeholders from extension and industry (see table 3.1; see figure 3.2), suggesting that the two 

groups do not communicate often on issues related to resistance management. Reasons for this 

could be related to institutional values and interests behind resistance management 

recommendations that are provided to growers by each stakeholder group. For example, some 

extension agents held the perspective that a profit motive on the side of industry representatives 

can impact recommendations given to farmers, and run counter to extension recommendations 

on both pest and resistance management practices (see excerpts #5, quote #4, quote #5). Based 

on our data, it is not clear what perspectives the industry has on the practices of extension, as our 

small sample size (n = 3) of industry stakeholders produced no network connections nor 

qualitative data on social ties with extension. This could be problematic for building collective 

action, as extension could be less likely to work with industry to align messaging and practices 

around resistance management (Shroeder et al, 2018). Further exploration of this potential 

conflict is needed to better understand its impact on the adoption and coordinating of resistance 

management recommendations and practices.  

Conclusions and Future Work   

Successful herbicide and insecticide resistance management requires some degree of 

collective action to properly coordinate best practices to preserve pest susceptibility at the 

landscape level. Translation and adoption of relevant knowledge into local networks of 

stakeholders are key to the success of coordination, but local stakeholder relationships 

surrounding this information and knowledge exchange are understudied. In this study, we adopt 

a qualitative network analysis under an agricultural innovation systems framework to explore 

social relations around information and knowledge exchange. Our goal was aimed at studying 

social learning and social capital within the personal network ties of different stakeholders to 

build an understanding of how relationships influence the translation and adoption of resistance 

management knowledge. Our analysis produced findings on the different structures of 

stakeholder personal networks in our sample, the nature of their social learning interactions, and 

how trust and reciprocity are built in relationships around information and knowledge exchange. 

Our modest sampling limits the explanatory power of our study, but our findings do suggest 
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some insights for understanding the potential for future collective action, as well as some 

potential barriers.  

In our sample, stakeholders’ personal networks demonstrated high connectivity with 

other forms of expertise and a propensity for social learning. The majority of personal network 

interactions were reported as reciprocal exchanges of information and knowledge, suggesting 

that there is potential for mutual learning between these stakeholders. Results also show that 

there are generally high levels of mutual concern around the issues of resistance, especially 

herbicide resistance. Mutually beneficial interactions around these issues of concern can 

stimulate future social learning interactions (de Kraker, 2017 ; Reed et al, 2010) and build 

capacity for collective action. Further research on stakeholder networks in this region could 

investigate questions of social learning and analyze the validity of our findings across a larger 

sample size of stakeholders. Results from our sample also suggest that stakeholders organize 

social capital based on who they consider a knowledgeable, trustworthy source of expertise. 

Interview data showed that building social capital between growers and different sources of 

expertise was especially important and influenced by values related to honest communication 

and demonstrating care for the community. This provides a starting point for thinking about how 

social capital is built in these stakeholder networks, but more research is needed to identify larger 

patterns and influences.  

Stakeholder perceptions on in-person demonstrations and participation in research 

projects suggest that these are promising mechanisms for enabling social learning. Our data 

showed that good relationships between extension agents, researchers and growers were 

especially important for generating on-farm research projects. Some growers suggested industry 

partnerships were also effective, although this theme was not as strong in our sample data. 

Participatory research projects could enable collective action in our case context because they 

support social learning interactions (Neef and Neubert, 2011 ; Kroma, 2003) and the building of 

trust and reciprocity between different stakeholder groups (Ingram et al, 2020 ; Wood et al, 

2014). Extension’s role as a boundary organization (Carolan, 2006) also supports these projects, 

and based on our data we speculate that extension agents could play key roles as coordinators. 

Our preliminary results offer a starting point for further research on the role of on-farm research 

in stakeholder knowledge exchange and how to strengthen those mechanisms to support 

collective action on resistance management.  
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Our findings also suggested some potential barriers to collective action. First, there was a 

puzzling lack of personal network connections between growers in our study. Low levels of 

network connections between growers indicate few opportunities for growers to learn from one 

another on issues related to resistance management. Interview data from our grower participants 

suggested that, overall, growers express a reticence to cooperate with other growers on issues 

related to pest and resistance management due to a lack of trust in other growers and the 

perception that growers are in competition with one another for information. This suggests that 

building collective action between growers might be more difficult in this context and might 

require the facilitation by trusted non-grower stakeholders. Second, perspectives from extension 

stakeholders suggested that extension and industry might be in competition to influence growers 

on resistance management issues. This potentially creates issues for sharing information and 

coordinating practices on resistance management, as extension and industry could exert 

confounding influence on the decision making of growers.  

Our study represents one of the first attempts to apply qualitative network analysis in a 

study of the social conditions of resistance management. Future research could also apply a 

quantitative approach to look at social learning and social capital in whole-network patterns and 

structures. Such a study could implement quantitative measures such as brokerage, closeness, 

and centrality to greater effect than what was permitted by our study design and deliver concrete 

analyses of factors like social influence, knowledge intermediaries, and isolated actors in 

resistance management innovation networks (Borgatti et al, 2013). This would provide a larger 

network map of different patterns of communication that could be useful for understanding 

information and knowledge flow at the landscape level. Future qualitative approaches could dive 

deeper into the social and political contexts for implementing resistance management knowledge. 

In addition to exploring stakeholder perspectives on communication challenges, interview-based 

studies could explore attitudes and perspectives on pesticide technology, economic constraints, 

and cultural norms surrounding resistance management. Studies that combine both approaches 

could connect larger patterns of social relations to those stakeholder perspectives and attitudes on 

resistance topics, and contribute important insights for supporting innovation and collective 

action in future resistance management approaches. 
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Chapter 4: Stakeholder perspectives on pesticide 
resistance: Challenges and insights for social 

coordination, decision making, and future management 

Introduction   
Pesticide resistance presents serious multifaceted challenges for contemporary 

agricultural systems. Repeated levels of exposure to the same chemical modes of action 

intensifies the selection pressure on pests, and increases the rate at which resistance develops to 

pesticide control technologies. Evidence has shown increased herbicide resistance across a 

number of herbicidal modes of action (Gaines et al, 2021 ; Roma-Burgos, 2018 ; Peterson et al, 

2018) and to genetically engineered crops expressing the Bt toxin (Tabashnik and Carriere, 2019, 

2017 ; Gassman et al, 2019 ; Umina et al, 2018). Many researchers and stakeholders in the 

agricultural community are concerned that these trends present a significant threat to agricultural 

productivity (Gould et al, 2018 ; Bagavathiannan et al, 2019 ; Anderson et al, 2019). As a result, 

resistance management practices like rotating different herbicide and insecticide chemical modes 

of action (Beckie & Harker, 2017) and refuge planting (Onstad et al, 2018) have become integral 

parts of on farm-management practices. When applied properly at landscape scale, they have 

been shown to preserve pest susceptibility to chemical modes of action for a longer period than if 

not applied at all (Beckie et al, 2019 ; Onstad et al, 2018; Tabashnik et al, 2013).  

However, researchers have noted that coordinating practices across larger scales and 

different cropping systems is challenged by different technological, social, and economic 

complexities. Some of these relate to problems in communication and adoption of resistance 

knowledge (Ervin and Jussaume, 2014), economic constraints on growers (Hurley & Frisvold, 

2016), and limited technological choices in the management toolbox (Dentzman et al, 2016). 

This combination of technological, social, and economic challenges have lead some researchers 

to classify pesticide resistance as a “social dilemma” (Bagavathiannan et al, 2019) and “wicked 

problem” (Gould et al, 2018 ; Jussaume & Ervin, 2016) in need of unique solutions that fall 

outside traditional management paradigms. Included in this set of alternative practices are 

elements of a transition to more cooperative frameworks for managing resistance through 

community based approaches (Evans et al, 2018 ; Ervin and Frisvold, 2016), and diversifying 
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practices in pest management by adopting more integrated and sustainable approaches to pest 

management (Anderson et al, 2019 ; Moss, 2019).  

Many of the ideas for addressing pesticide resistance challenges are derived from the 

empirical and theoretical work of researchers, but often do not include the perspectives and 

experiences of local stakeholders in the construction of principles and frameworks. Key voices 

from the grower and extension communities could provide nuanced perspectives on how 

pesticide resistance challenges are interpreted and responded to in local contexts, and what these 

mean for the future management. Understanding how local stakeholders experience current 

challenges can lend insights into how future paradigms could be incorporated into local contexts. 

In this article, we report on a qualitative study of stakeholder perceptions and attitudes on 

the challenges of pesticide resistance management. Specifically, we utilize a thematic analysis of 

interview data to explore how the different technological, social, and economic challenges 

related to resistance evolution were experienced by growers and extension agents. We collected 

data on perspectives and attitudes related to problems with technology, management, and social 

coordination. In our analysis, we explore stakeholder perspectives on the relationship between 

pesticide resistance and pesticide technologies and how these perspectives are situated in current 

socio-economic complexities. Perspectives and attitudes of different stakeholders are emblematic 

of their experiences with these multiple, interconnected complexities, and whether local 

stakeholders are shifting their viewpoints on how to respond to these complexities. The scope of 

analysis puts our work into conversation with other studies that have sought to understand trends 

in how grower awareness (Foresman & Glasgow, 2008 ; Llewellyn & Allen, 2006), perceptions 

and ideologies (Reisig, 2017 ; Dentzman & Jussaume, 2016) and decision making (Hurley & 

Mitchell, 2014 ; Arbuckle et al, 2014) respond to challenges in pesticide resistance. Our findings 

point to several important insights that have implications for future stakeholder decision making 

on pesticide technologies and management practices. 

In the next sections, we describe the two main challenges of pesticide resistance 

management: problems with technology and management and problems with social coordination. 

We describe each category and how it impacts the implementation of ideal resistance 

management strategies. We then outline the scope of our qualitative study as a thematic analysis 

investigating stakeholder attitudes and perspectives on these challenges, with the goal of 

understanding how different stakeholders make sense of the different complexities related to 
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resistance management and what this says about future solutions to these problems. We then 

report the multiple themes that emerged from our interviews with grower and extension 

stakeholders and discuss their implications. We conclude by offering pathways for potential 

intervention in our case context of Eastern North Carolina based on insights generated from our 

study results.  

Background and Theoretical Framework  

 For the purposes of this study, we view pesticide resistance challenges through two main 

problem framings: the problem of technology and management, and the problem of social 

coordination. The problem of technology and management refers to how management paradigms 

situated around pesticide technologies intensify resistance evolution challenges. Elements of this 

framing include the concept of the “pesticide treadmill” (Bakker et al, 2020) and its relationship 

to outcomes and impacts of new pesticide technologies on the farming community and local 

environments. The problem of social coordination refers to the challenges of developing, 

disseminating, and adopting knowledge of resistance management across diverse socio-cultural 

contexts. Responses to this problem often call for more cooperation between growers and other 

stakeholders to align effective resistance management practices (Bagavathiannan, 2019 ; Evans 

et al, 2018), but so far those solutions have proved difficult to achieve (Ervin & Frisvold, 2018). 

Each problem framing contributes a set of important empirical and theoretical perspectives on 

resistance management challenges, and provides a productive background for our study on 

stakeholder perspectives.  

Problems with Technology and Management  

The problem of technology and management refers to how pesticide technologies are 

embedded in particular management practices in ways that continually reproduce pesticide 

resistance. Several authors have linked important features of this problem to the concept of a  

“pesticide treadmill”, which describes the cyclical nature of how management practices interact 

with evolutionary processes to reduce the effectiveness of pesticide technologies ” (Bakker et al, 

2020). This occurs via frequent utilization of a single mode of action. Selection pressure on weed 

species is intensified through this mechanism, which leads to the diminishing effectiveness of a 

mode of action. A diminished efficacy requires the application of more pesticide, and the 
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simultaneous development of alternative modes of action that fit into this management 

framework. Researchers have shown that this intensifying problem continually undermines crop 

production and other key functions in society (Jorgensen et al, 2018 ; Deguine et al, 2008).  

One of the most salient examples of this phenomenon is the evolution of glyphosate 

resistance. The commercialization of glyphosate-resistant GE crops enabled growers to spray the 

Monsanto product Roundup throughout the full lifecycle of their crops, without fear of harming 

their crops. This significantly reduced the time and resources required to manage weeds 

effectively, simplifying management plans and saving farmers money (McWilliams, 2008). 

However, intense use of the glyphosate mode of action led to a rapid development of resistance, 

and the diminishing effectiveness of glyphosate (Price et al, 2015). As a result, companies 

needed to develop new GE crop-herbicide innovations to provide more tools in the pest 

management toolbox. Some of these newer technologies prove to be more environmentally 

harmful than previous pesticide technologies. For example, the advent of dicamba resistant 

soybeans has freed up the broad application usage of the dicamba herbicide. Dicamba, as another 

broad spectrum herbicide, has been shown to cause serious damage to non-target plant species 

(Riter et al, 2021 ; ERS, 2019). More specifically, dicamba has been linked to instances of 

“pesticide drift”, and has been known to damage non-resistant crops in neighboring fields (Bish 

et al, 2021 ; Center for Food Safety, 2022).  

Scholars have also noted that the pesticide treadmill creates a kind of structural lock-in to 

pesticide technologies by creating barriers to innovation in possible alternatives (Bakker et al, 

2020 ; Cowan & Gumby, 1996). Bakker et al propose that this technological lock-in is driven by 

feedback mechanisms across multiple domains in social, ecological, and agri-food systems, one 

of which is science and technology. At the farm level, grower decision making reinforces path-

dependencies triggered by heavy investment in pesticide technologies, and their associated 

knowledge base, skill sets, and equipment. Dependency on those resources are continually 

reinforced by economic constraints that limit growers' ability to invest in other practices and 

technological options (Bakker et al, 2020 ; Hendrickson et al, 2017). In addition, large corporate 

entities that exhibit a preference to maximize profits on pesticide technologies actively resist 

public investment in other avenues of research and development (Lamine et al, 2010 ; Juma, 

2016) such as integrated pest management (Deguine et al, 2019 ; Lamine, 2011) and 

agroecological innovations (Vanloqueren & Baret, 2017). Lastly, public and private agricultural 
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advisory systems can reinforce dependency through the translation of knowledge and skills that 

emphasize usage of pesticide technologies. Authors have suggested this trend has increased 

following the decreased influence of public services such as agricultural extension compared 

with private-sector actors (Lamine, 2010 ; Lamprinopoulou et al, 2014 ; ).  

Prior research has suggested that a sense of techno-optimism drives stakeholder 

perceptions on pesticide technologies and the other elements of the pesticide treadmill. This 

optimism is defined by a belief that new chemistries, modes of action, and crop varieties will 

emerge and be made available to growers to address pesticide resistance (Dentzman & Jussuame, 

2016 ; Llewellyn et al, 2002). Optimism signals a faith in the agricultural innovation systems to 

develop cost-effective chemical control technologies, and has been argued to put up a barrier to 

adoption of alternative practices (Moss et al, 2019 ; Dentzman et al, 2017). However, as time has 

gone on researchers have also reported more on trends of techno-skepticism present in some 

grower communities, where growers begin to question the efficacy of pesticide technologies to 

address the rise in pesticide resistance (Dentzman et al, 2016 ; Arbuckle et al, 2014 ; Vommi et 

al, 2013). Arbuckle et al, 2014 for example, in a survey study of 889 corn and soybean growers 

from Iowa found that the vast majority identified herbicide usage as a “never-ending technology 

treadmill”, and were concerned about technology’s ability to address the herbicide resistance 

problem. The majority of growers cited that growers’ improper usage of pesticide technologies 

impacts resistance rates , and acknowledged that seed and chemical companies were not doing a 

good job of keeping up with resistance evolution (Arbuckle et al, 2014, pg 3). In another study 

based on focus groups from different crop growing regions, Dentzman et al (2016) found that 

optimism and skepticism on chemical herbicides’ ability to solve the herbicide resistance 

problem differed based on prior experiences with other technological fixes in pest management, 

such as genetically engineered crops, insecticides, fungicides, etc. Differences between 

optimistic and skeptical attitudes were also marked by some geographic differences between 

where growers farm, and their direct exposure to resistant insects or weeds in their local growing 

region (Dentzman et al, 2016). Specifically, the authors found that growers from Southern states 

responded with more skepticism and dissonance to the promise of chemical herbicides to address 

resistance, while growers from Northern states expressed greater optimism.  

Growers are important stakeholders implicated in the pesticide treadmill, but they are not 

the only actors whose perspectives and actions influence local patterns of dependency on 
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pesticide technologies. University and state funded agricultural extension is an especially 

important group of stakeholders within this ecosystem who fill an important research and 

advisory role in producing and spreading scientific knowledge about pesticide resistance and 

management strategies (Peterson, 2005 ; Cash, 2001 ; Frisbie et al, 1986). Agricultural extension 

has a history of developing and supporting the application of integrated pest management as a 

solution for pesticide-based control challenges (Deguine et al, 2021). Scholars have also 

suggested that, in a broad sense, extension plays an important role in co-producing innovative 

practices in agricultural systems (Akpo et al, 2015 ; Klerkx & Leeuwis, 2008) especially those 

concerned with more sustainable, integrated approaches to pest management (Anderson et al, 

2019 ; Carolan, 2006). Therefore, our study also sought to include the perspectives of extension 

agents as integral stakeholders responding to pesticide resistance challenges.  

Problems with Social Coordination  

 Literature on pesticide resistance has described social coordination as an important 

element to effective resistance management. Effective resistance management requires the 

adoption of best practices - such as chemical rotations and refuge planting - at the landscape 

level in a growing region (Alstad & Andow, 1995 ; NRC, 1986). Social coordination refers to the 

mechanisms through which these practices are aligned to achieve landscape level mitigation of 

resistance evolution. Those mechanisms include the communication of information and 

knowledge and decision making about best practices, and are driven by different contextual 

factors depending on how one conceptualizes the wider agricultural system. On the one hand, 

several authors have assumed that growers within a region activate a coordinated response to 

resistance management on the basis of experiencing similar social and biophysical conditions 

(Milne et al, 2015). Growers’ status as individual economic agents has focused a lot of research 

attention on their perceptions and values to identify underlying logics for decision making 

(Reisig, 2017 ; Hurley and Mitchell, 2014 ; Kruger et al, 2012). For example, researchers 

studying refuge planting and its associated adoption challenges in Bt crop production have noted 

that growers tend not to adopt refuge planting based on logics that do not reflect a scientific 

rationale, but rather cost and convenience (Reisig, 2017 ; Hurley and Mitchell, 2014). Farmers 

see planting non-Bt as losing money and time, because planting non-Bt varieties is seen as less 

profitable and adding extra complexity to their operations.  
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Some scholars suggest that the focus on individual interests and decision making does not 

work, and advocate that cooperation is required to achieve higher levels of social coordination 

across diverse contexts (Evans et al, 2018 ; Ervin and Frisvold, 2016). This stems from the idea 

that there is a collective interest in maintaining pest susceptibility to pesticide technologies, and 

actions that extend beyond property level management are needed to properly aggregate 

resistance management practices across landscape scales (Bagavathiannian et al, 2019 ; Evans et 

al, 2018). So far, research on gauging the potential for cooperation has mainly focused on 

communities of growers, and their perspectives on cooperation. Ervin et al (2019) for example, 

implemented a survey study testing pre-conditions for cooperation. One of these preconditions 

was “belief that cooperation was necessary for effective resistance management”. Results 

showed that belief in cooperation was the product of concern about herbicide resistance, and 

regular communication with neighbors about herbicide resistant weeds. In addition, growers who 

placed greater importance on extension information were more likely to perceive the need for 

cooperative approaches (Ervin et al, 2019). Results also showed that the perception of there 

being other options to management resistance (e.g. techno-optimism) and the personal mobility 

of a grower to easily farm elsewhere did not support a belief in the need for cooperative 

approaches. In a similar study of Missouri farmers, Stallman & James (2015) found that growers 

are more willing to cooperate under the structures of a local cooperative effort than more formal 

county-wide efforts. Stallman & James identified determinants that affect this willingness to 

cooperate, which included regular communication with their neighbors about pest management, 

high concern for the effect of pesticides on the environment, and high trust in agricultural 

extension agents.  

 Studies on perceptions of cooperative approaches are important avenues into the potential 

for growers to work with one another to solve problems with pesticide resistance. However, 

cooperative approaches also enroll the participation of other stakeholders. University extension, 

industry, and government have to buy in to support cooperation through the coordination of 

resources and policy, and working directly with grower communities to define challenges and 

solutions to complex problems like managing pesticide resistance (Jordan et al, 2020). 

Importantly, a consistent theme in the literature on grower perceptions is that regular interaction 

with extension correlates to a willingness to cooperate in the grower community (Ervin et al, 

2019 ; Ervin & Frisvold, 2016 ; Stallman & James, 2015). This suggests that enhancing 
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relationships between extension and the grower community might support more cooperative 

approaches to resistance management, and overall improve social coordination of knowledge and 

practices.  

Shifting to Alternatives?  
 The problems with technology and management, and the problems with social 

coordination outline the theoretical space for potential interventions on pesticide resistance 

challenges. Addressing these challenges calls for a rethinking of the technology toolbox and the 

social and institutional arrangements around pest management to ameliorate intensifying 

pesticide resistance. A successful shift in technology and practices can be made easier if they are 

also accompanied by shifts in stakeholder perceptions and attitudes on pesticide technologies and 

management practices. Researchers have promoted the benefits of integrated approaches to pest 

management, which seek to reduce usage of pesticides and diversify the technologies and 

management practices used to manage pests (Deguine et al, 2021 ; Anderson et al, 2019). The 

complexity of implementing these more integrated approaches is greater than conventional 

chemical control, making them potentially more difficult to adopt into farm practices, especially 

those that are heavily invested into pesticide-based management (Deguine et al, 2021 ; Bakker et 

al, 2020). A greater level of support and different types of engagement from stakeholders outside 

the grower community are needed to enhance the shifts to these approaches. Scholars argue that 

the extension and research community in particular must build stronger partnerships with the 

grower community to adapt management practices to local conditions (Schroeder et al, 2018 ; 

Asmus & Shroeder, 2016). Special emphasis has been placed on putting extension and research 

stakeholders in direct collaboration with growers to adapt management practices to local 

conditions (Asmus & Shroeder, 2016). An important precursor to this collaboration is aligning 

the problem framings and values of these stakeholders, which requires an understanding of how 

different stakeholders across extension, research, and the grower community interpret and 

respond to pesticide resistance challenges (Denztman & Jussaume, 2017).  
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Site Selection and Participant Recruitment  

We recruited 17 individuals from a local region of agricultural production in Eastern 

North Carolina colloquially known as the “Blacklands” due to its rich organics-heavy soils. We 

chose this region because of its importance as a productive field crop growing region in North 

Carolina, and our prior research experiences in the region during a research fellowship program. 

In addition, the region is considered one of the most productive in North Carolina for field crop 

commodities like corn, soy, and cotton. Our sample included participants from two stakeholder 

groups that we identified as integral to the practices of resistance management: extension agents 

and members of the grower community. We successfully recruited n = 10 participants from 

extension, and n = 7 participants from the grower community for a total of n = 17. Each 

participant was recruited from extension meetings and field days centered on topics concerning 

resistance management in Eastern North Carolina. At those extension meetings, we also engaged 

in participant observation of meeting activities and interactions and gathered contextual data by 

taking field notes (Philippi et al, 2017). Researchers were invited to observe the extension 

meetings by extension representatives, and approved to recruit on these locations by the North 

Carolina State University Institutional Review Board under protocol #23956.  

Data Collection and Analysis 
Data collection proceeded via semi-structured interviews and participant observation. 

Specifically, the interview protocol asked participants to respond to 5 main questions: 

 
1. What are some of the biggest challenges related to pesticide resistance in your 

local area? 
2. How do you address those challenges as an [grower/extension agent]?  
3. What role does technology play in managing pesticide resistance?  
4. Do you communicate with other stakeholders on issues related to pesticide 

resistance?  
5. Do you cooperate directly with other stakeholders (e.g. growers, extension, 

industry) to address challenges in pest management? Pesticide resistance 
management?  

 
For question 2, we would often use answers provided by respondents in question 1 to probe in 

question 2. For example, if a respondent said herbicide rotation was a challenge, we would probe  

in question 2 by asking “how do you address challenges in herbicide rotation?”  For question 4, 

we designed several probes to ask more specific follow up questions if respondents simply 
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answered with “no”. In those situations, a follow up question such as “do you think growers 

could work together to address problems with pesticide resistance?” was common. Interviews 

lasted from 45 - 90 minutes, and were conducted live via either phone or ZOOM video chat, 

depending on the participant’s preference. In total, interviews produced roughly 20 hrs of 

recorded content that was coded and analyzed using the Dedoose (Salmona et al, 2019) platform, 

and stored on encrypted Google drive servers administered by North Carolina State University. 

This study protocol proceeded under IRB approval via North Carolina State University 

Institutional Review Board protocol #23956. Interviews were conducted over the course of 

August 2021 to April 2022.  

Participant observation was performed to provide contextual data to complement our 

interview protocol. Specifically, participant observation was conducted during live events where 

challenges and solutions related to pesticide resistance were being discussed between extension 

stakeholders and growers. To perform this participant observation, the lead researcher attended 

several extension-facilitated “grower meetings” and “field days” in the winter and early spring of 

2022. Grower meetings are extension facilitated events designed to disseminate information to 

local communities of growers on various topics. Usually, a number of specialists attend these 

meetings to present their latest research findings that are particularly relevant for the upcoming 

growing season. Field days are similar, but usually incorporate a stronger research demonstration 

component, socialization between growers and other professionals, and provide industry with a 

chance to interface with growers and promote new products. Field days and grower meetings 

have been described in previous research as important forums of knowledge co-production 

between different stakeholders (Carolan, 2008 ; Carr & Wilkinson, 2007), which informed why 

we selected them as promising sites of observation. The lead researcher attended 7 grower 

meetings and 2 field days over the course of January 2022 to April 2022 and collected data via 

ethnographic field notes (O’Reilly, 2012). Field notes were also coded and analyzed within the 

Dedoose platform (Salmona et al, 2019) and were stored on secure cloud storage administered by 

North Carolina State in accordance with IRB protocol #23956.  

Data analysis proceeded under a framework of inductive thematic analysis, utilizing an 

exploratory approach to develop codes and themes from the interview and observational data 

(Guest et al, 2012 ; Charmaz, 2006). The analytic objective of this approach is to draw patterns 

of meaning from the interview and observation data that speak to stakeholders’ thematic 
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perspectives on different challenges in pesticide resistance. Thematic perspectives are important 

as an exploratory output, because they can lead the way towards important insights, questions, 

and hypotheses (Guest et al, 2012) that build an understanding of local conditions and provide 

avenues to future research.  

 Thematic perspectives were developed in a two step coding process that are well 

established in qualitative methodology (Saldana, 2015 ; Guest et al, 2012 ; Charmaz, 2006). The 

first step coded interview data with a variety of descriptive and narrative codes based on the first 

impressions of the passages. This method, which has been termed by some as “eclectic coding” 

(Saldana, 2015) is an ideal exploratory technique that can capture multiple phenomena and 

processes from the data. The second phase of coding followed what some have termed a “code 

mapping” approach, and focused on condensing the initial sets of codes into a discernable list of 

categories that housed sets of different excerpts from the qualitative data. Excerpt categories 

relevant to this article included knowledge adoption, concerns over resistance, trust/distrust in 

technology, economic constraints, communication barriers, alternative solutions, competition 

with neighbors, and research involvement. From these categories we identified the thematic 

attitudes and perceptions for each question topic, and pulled quotes that were representative of 

these thematic attitudes and perceptions. Findings derived from this analysis are not meant to be 

explanatory or confirmatory of hypotheses or established theory on pesticide resistance, but 

rather provide an inroad into understanding the perspectives of stakeholders from a specific 

context, and pull out meaningful themes for future management practices in that context (Guest 

et al, 2012).  

Study Limitations  
In qualitative thematic analysis, saturation is an important concept for determining the 

analytic rigor of qualitative work. While there is not a standardized set of conditions for 

determining saturation, researchers have suggested several models for contextualizing its 

principles for different approaches to qualitative research (Saunders et al, 2018). The most 

prominent form of saturation is theoretical saturation. This refers to when the range of 

respondent categories represents the full heterogeneity of the social groups under study and the 

data analysis is able to build comprehensive analytic themes, concepts, and theory (Saunders et 

al, 2018 ; Starks & Trinidad, 2007 ; Morse, 1995 ; Glaser & Strauss, 1967). This is achieved via 
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comprehensive sampling, when all respondents with relevant perspectives have been included in 

the data collection to the point where no new ideas and perspectives are being expressed during 

interviews (Starks & Trinidad, 2007 ; Glaser & Strauss, 1967).  

Our sample size of n = 7 for growers and n = 10 for extension agents did not prove 

comprehensive enough for achieving theoretical saturation and building comprehensive analytic 

themes, concepts, or theory in our case. Some researchers suggest that in sampling individuals 

from relatively homogenous social groups, a minimum of twelve interviews can be enough to 

reach theoretical saturation, with six interviews as a minimum for detecting “meta themes” or 

strands of analytic categories (Guest, Bunce, and Johnson, 2006). Our data was viable for 

determining some suggestive theoretical “strands” (Saunders et al, 2018) of data across the 

different individual personal accounts in interview data. However, these samplings were not 

robust enough for building definitive meta-themes as we did not sample from relatively 

homogenous social groups. First, in the case of our extension agents, while agents serve in very 

similar professional roles, they come from different backgrounds and harbor different forms of 

expertise. In addition, given that they operate in different counties in eastern North Carolina, 

they are also situated in different networks of growers, surrounded by different environmental 

conditions and therefore responding to different problems. An n = 10 sample size is simply not 

enough to capture the full diversity of what extension agents are experiencing in eastern North 

Carolina and reach theoretical saturation. Second, growers in eastern North Carolina are also not 

a homogenous social group. Differences in acreage, education, financial status, age, and ethnicity 

are all elements of heterogeneity for farm owners and operators in this region. In addition, prior 

research has suggested that growers exhibit a heterogeneity of perspectives, preferences, and 

behaviors related to different policies and practices as a result of their diverse experiences and 

identities (McGuire et al, 2015 ; Banerjee et al, 2021 ; Niskanen et al, 2021). An n = 7 sample 

size does not capture this heterogeneity of growers in a way that achieves theoretical saturation 

and the constructing of comprehensive analytic categories or theory.  

Largely due to the constraints of the COVID-19 pandemic that made in-person meetings 

and interviews impossible during a year of field work, our sampling capabilities limited our 

study capacity for achieving definitive results. However, as an exploratory study our data are 

viable for producing suggestive insights. The strands of data that resulted from our qualitative 

analysis start to build patterns for identifying thematic categories, but their explanatory power 
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must be understood in the context of our limited sample size. Therefore, while this exploratory 

analysis does not produce definitive results and robust categories, we do utilize suggestive 

insights to point towards possibilities for future research. 

Techno-optimism, skepticism, and pessimism  
Themes of techno-optimism and skepticism both emerged in our interview data, and were 

expressed by both growers and extension agents. Techno-optimist perspectives were usually tied 

to the perception that pesticide resistance was a problem that was currently under control, and 

that current resistant management tools and practices were being properly implemented at farm 

scale. Examples from our data include taking proactive approaches to herbicide resistance 

management (see excerpts #1, quote #2), and utilizing robust crop varieties that minimize 

significant damage from resistant insects (see excerpts #1, quote #3). Optimism in some cases 

also indicated that a new technology was going to have a unique and significant impact on 

controlling resistant insects or weeds. Examples from our data include the usage of newly 

commercialized genetically engineered crops - such as dicamba resistant Extend soybeans - to 

control for weeds that demonstrated resistance to other chemical modes of action (see excerpts 

#1, quote #1).   

 
Interview Excerpts #1: Techno-optimism and Techno-skepticism  
 
Optimism: 
 

1. “I think they (growers) are really on top of rotating their modes of action, which 
chemicals they use and what crop rotations they try… our biggest problem is with palmer 
amaranth and ragweed, and a ryegrass that is resistant that is becoming more of a 
problem. But with the Extend - that is the majority of our cotton and beans - it is done a 
really good job controlling those weeds that have resistance to other modes of action.” 
(Participant 2, Extension Agent) 

 
2. “My proactive measures to address resistant weeds have cost me more money than a 

resistant weed ever did. We are taking extra measures to stay ahead of the resistant weeds 
just in case… and I have resistant weeds, but I have them in a fairly low number, but they 
would not be in a low number if I hadn’t had a proactive attitude all along.” (Participant 
#7, Grower) 

 
3. “We have some insect resistance among corn earworm in peanuts, but the varieties we 

grow now have such capacity to have bigger vines, the threshold for these worms has 
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actually been increased. Plus, the percentage within corn earworms, or bollworms, or 
army worms, not all of them are resistant, maybe just a third of them. So we seem to be 
making out ok with the tools we have now, although [extension specialist] is 
recommending a change in how we utilize pyrethroids to control these insects.” 
(Participant 12, Extension Agent)  

 
Skepticism:  
 

4. “If they [industry] could make new technologies, new crops and new [chemical] products 
that could work, we could manage resistance fine, but it just takes so long for new 
products to get to the market… so that is a concern.” (Participant #15, Grower) 

 
5. “The big issue with weeds is that the current products that are out there are either 

becoming more expensive in the case of Roundup, or new products are potentially more 
toxic, and can drift on to other fields and kill crops in other fields. We see a lot of that 
issue here kind of based on our area planted with the Extend soybeans, and dicamba. We 
are trying to rotate them through, and I think the majority of our growers are rotating 
their herbicides, because you can not really do anything else. We have resistant weeds 
spread throughout the county, spread throughout the area, so everyone for the most part is 
rotating, but the price that comes with that can be a real problem.” (Participant #5, 
Extension agent) 
 

6. “I think we could see the Bt strategy have some of the same holes in it that the round up 
strategy did. If and when that happens, I think we could have a worse problem to handle 
than what we see now with the resistant weeds. I think the insect issue has more potential 
for economic damage than the weed issue.” (Participant #17, Grower) 
 

7. “I do not think the Bt varieties are keeping up with insect resistance…basically the top of 
the line stuff is a 3 gene product, and two of those genes are pretty much the exact same 
thing and that is what the worms are resistant too. So the entire resistance package is 
being held up by the third gene. I have heard rumors of farmers putting out the three gene 
crops, and then having scouts coming back and saying ‘I do not know what’s going on, 
but you got worms* like nobody’s business you need to spray.’” (Participant #4, 
Extension Agent) 

 
8. “I follow a lot of the work being done by [researcher] on the Bt crops, and we are seeing 

that in the new research coming out, at least on the corn side, the non-Bt versus the Bt 
crops are not showing a lot of different in terms of yield, as long as you are managing 
insects properly…and the Bt crops do not seem to be controlling worms** like they used 
to…I think we are starting to see some issues with resistance to those products. 
(Participant #6, Extension agent)  
 

9. For herbicides, I have heard that there are liberty resistance issues in other places in 
North Carolina, I haven’t seen any of that in [county] yet. I also think we are going to see 
some resistance on the auxin herbicides coming out real soon, like the dicamba and the 
2,4-D.” (Participant #1, Extension agent) 
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Techno-skepticism was tied to attitudes and perspectives that cast doubt on the efficacy 

of current pesticide technologies, or expressed uncertainty that effective future technologies 

would be properly implemented and made widely available (see excerpts #1). Examples from our 

data include concerns over the general timeline of development and commercialization for new 

technologies (see excerpts #1, quote #4), the large price tags of those new technologies when 

they do come to market (see excerpts #1, quote #5), and the longevity of new chemistries (see 

excerpts #1, quote #9). In addition, a few participants expressed concern about the environmental 

effects of these technologies, such as the off-target damages that have been documented 

surrounding dicamba usage (Bish et al, 2021 ; Riter et al 2021) on more recently developed GE 

crops like Extend soybeans (see excerpts #1, quote #5). Bt crops, and their lasting effectiveness 

also received a fair amount of skepticism. Some extension agents were especially skeptical of the 

multi-gene stacked trait Bt crops based on local research and anecdotal evidence of these 

varieties failing to control insect pests like helicoverpa zea (see excerpts #1, quote #7 and #8).  

 Our study also encountered some perspectives that went further than expressing 

uncertainty and concern around efficacy and availability, and instead looked at current and future 

pesticide technologies as destined to be problematic. These more pessimistic attitudes and 

perspectives expressed a more explicit expectation for pesticide technologies to fail or increase 

the severity of current challenges. For conceptual symmetry with prior research, we use the term 

techno-pessimism to classify these perspectives in our data (see excerpts #2).  

Pessimism was more prevalent in the attitudes and perspectives on herbicide resistance 

than insecticide resistance. Examples from our data included the expectation that dicamba 

efficacy would quickly fail, because usage in Extend crops was “going to be just like Roundup 

where we are going to run into serious resistance issues” (see excerpts #2, quote #1). Some 

stakeholders saw the act of rotating chemistries in and of itself as a somewhat futile effort, and 

that the development pipeline itself was failing to keep up with the rates of resistance evolution 

(see excerpts #2, #3). Across both these perspectives, participants cited turning to older, 

alternative practices instead of “looking forward to the salvation of new technology” in response 

to pervasive resistance challenges (see excerpts #2, quote #3).  
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Interview Excerpts #2: Techno-pessimism  
 

1. “The Extend crop is something that we will be able to use again next year, but probably 
will not be next year or the following year. Even if it is still available for the next several 
years, we are basically doing the same thing we are doing with Roundup when we are 
using dicamba for the post emergence control of really difficult weeds like palmar and 
ragweed… There is some 2,4-D usage here for cotton and beans, but it is probably 90% 
dicamba. I think they are already starting to see resistance in some midwest states for 
dicamba, and I’ve seen fields around here sprayed where the weeds are waist high, and it 
killed a lot of them, but not all. it is going to be just like Roundup where we are going to 
run into serious resistance issues.” (Participant 6, Extension agent)  

 
2. “In the current environment, with regulatory attitudes and the long road to putting new 

chemistry on the market, the new challenges with supply chain issues, and how fast 
resistance develops, I am much more concerned and disenchanted about new 
technologies being the solutions to these kinds of things. For some challenges the 
solution is to revert back to older agronomic practices going back to cultivation and non-
transgenic traits when we can find them… Pre-transgenic types of strategies might be the 
way to deal with things. It may be a throwback, instead of looking forward to the 
salvation of new technology.” (Participant #9, Grower)  

 
3. “We are going to have to continue rotating modes of action and chemistries, but most of 

these weeds are developing resistance to 3 or 4 different modes of action. Some of these, 
like pigweed with the triazine resistance, I think with those type of situations we are 
running out of options and short of going back to a row crop cultivator, I am not sure 
what else is coming down the pipeline…So I where do we go from here, when we have 
these multiple modes of resistance?” (Participant #16, Grower) 
 
Explicitly pessimistic attitudes and perspectives were one avenue that led to speculation 

on alternative approaches to pest control that might side-step challenges with pesticide 

resistance. Other respondents who were not as pessimistic also shared speculative ideas on 

alternative innovations and practices (see excerpts #3). Importantly, these non-pessimistic 

perspectives on alternative technologies gravitated towards the idea of diversifying the toolbox 

for pest control and pesticide resistance management. Examples from our data included a greater 

emphasis on utilizing cultural practices like cover crops and crop rotations as opposed to solely 

relying on pesticide technologies (see excerpts #3, quote #1). Other alternative technologies “like 

flamethrowers, electrostatic sprayers, or chemical drop applicators” were also suggested as tools 
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that could diversify approaches to pest control without completely discarding pesticides or 

industrial agricultural approaches (see excerpts #3, quote #2).  

 
Interview Excerpts #3: Alternative Technologies and Management Approaches  
 

1. “When it comes to handling these herbicide resistant weeds, I do not know if new 
chemicals alone are going to cut it… I think cover crops may play a big role, like using 
some things like cereal rye and other kinds of grass type cover crops we can use to 
smother out, and use the chemicals in the roots, the auxins that they release in their roots 
can kill the seeds before they germinate. I think those are possibilities… It may also come 
down to doing some things like longer rotations, between corn, soybean, and into other 
things like cotton.” (Participant #7, Grower) 

 
2. “I think all kinds of things [technologies] that got sidelined in the development pipeline 

for the the cheaper chemical options could re-emerge, whether it is because of resistance 
issues or supply chain, or lawsuits, whatever it might be… those cheaper solutions aren’t 
viable anymore so you could see things like flamethrowers, electrostatic sprayers or 
chemical drop applicators, even robots and electric eyes to mechanically do some things 
may get new life.” (Participant #13, Grower)  

 
3. “People who do organic production - and heaven forbid if we have to fully go back to it - 

but they use cultivators with guidance systems and auto steer that allow you to cultivate 
pretty close to the plant. They also have flame weeders where they use propane, and they 
use a flame that actually ruptures the cell on the plant as they go through the field.” 
(Participant #7, Grower) 
 
Our data show that there is a mixture of optimism, skepticism, and pessimism present 

across stakeholder perspectives on pesticide technologies in Eastern North Carolina. Where 

skepticism exists, the future effectiveness of these technologies is in question due to the 

intensification of pesticide resistance, and the deterioration of technological efficacy. Further, the 

slow rate of innovation for new technologies made certain stakeholders in our sample uncertain 

if new tools can be developed efficiently (see table 2). Techno-pessimism was present in a 

smaller, but meaningful capacity where certainty about the problematic nature of pesticide-based 

management was clearly expressed. The strain of observing the long term effectiveness and 

availability of pesticide technologies decrease could be pushing some growers to start 

envisioning alternative solutions for pest and resistance management (see table 3). Prior research 

suggests that high degrees of techno-skepticism could signal a greater desire to switch to 
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alternatives, such as integrated pest management approaches (Dentzmann et al, 2016). We are 

curious how prevalent these pessimistic perspectives are across larger samples of growers and 

extension agents, and think future research could investigate the degree to which these attitudes 

inform a desire to shift technologies and practices.  

Economic Constraints and Resistance Management    

A second prominent theme that emerged from our data on problems with technology and 

management spoke to the relationship between economic constraints, decision making, and the 

development of pesticide resistance. Simply stated, most of our stakeholders' perspectives 

suggest that economic constraints that are sometimes out of their control affect one's ability to 

effectively manage pesticide resistance, and sometimes intensify its challenges. Examples from 

our data followed several trends. First, pricing is an element that is outside the control of 

stakeholders in extension and the grower community, but often plays a role in the feasibility of 

resistance management practices, and sometimes contributes to the intensification of pesticide 

resistance itself. For example, high prices and lack of availability of certain herbicides was cited 

by multiple stakeholders as potentially contributing to difficulties in chemical rotation programs 

(see excerpts #4). Generally speaking, fewer effective chemistries exist overall, so if a staple 

product like Roundup becomes prohibitively expensive that severely limits rotational options (ee 

excerpts #4, quote #6). In some cases, expensive products affect lower income growers 

especially hard, effectively pricing them out of certain management practices that can not 

guarantee revenue (see excerpts #4, quote 5).  

Another important trend was how a lack of product availability was connected to a 

companies’ financial interest in developing that control product. Growers perceived this as a 

disadvantage to enacting ideal management practices by virtue of their geographic location. For 

example, one grower explained that they were not going to have many control options for 

southern corn billbug because “billbug only causes economic damage in North Carolina and 

Southern Texas, so companies are not going to invest in research to bring a new product to 

market that has a limited marketability” (see excerpts #4, quote #2). Another grower supported 

this perspective, stating that it was difficult to find new products to rotate for certain crops like 

tobacco and sweet potatoes because “there are not enough acres for it to be an economic benefit 

for companies to bring new products to market” (see excerpts #4, quote #3).  
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 Another availability challenge was related to the global supply chain. During the 

COVID-19 pandemic many industries suffered from resource and product shortages as the result 

of a dysfunctional global supply chain. In addition, the launch of Russian aggression into 

Ukrainian territory further sent the global crop industry into disarray by exacerbating shortages 

of materials such as fertilizer and agrochemicals. Perspectives on what this meant for pest and 

resistance management in 2022 were present in our data. For example, one grower described that 

Roundup was in short supply in 2022, and because they could “only get a third'' of what they 

received the year prior, they started to consider utilizing a less effective, more dangerous product 

called paraquat (see excerpts #4, quote #4). An extension agent echoed concern for this issue, 

stating that certain alternatives to more affordable and available Roundup like paraquat are more 

environmentally harmful, and “more dangerous for the farmer.” Coupled with those challenges, 

the agent went on to further suggest that even paraquat might be regulated out of service, which 

would in turn make “rotating chemistries harder and more expensive for farmers” (see excerpts 

#4, quote #6).  

 
Interview Excerpts #4: Economic Limitations 
 

1. “It all started back in the pigweed, for example, in the late 90s and early 2000s we could 
go out there with just some Roundup twice, and just wipe it out. We would not put any 
residuals down, just straight Roundup…and then they came out with this new brand of 
round up in about 2004, and they had the patent on it, and were the only ones making it 
so the price was sky high… so we just started cutting the rate back a little bit. We were 
spraying two and half foot tall pigweeds at half a rate, and that really helped them 
develop a resistance, and now we cannot kill them with anything, hardly. We were trying 
to save money back then, like everyone was. If we knew what we know now we would 
do things differently.” (Participant #12, Grower) 

 
2. “Resistant billbugs are a serious matter for us…the issue is that billbug only causes 

economic damage in North Carolina and Southern Texas, so companies are not going to 
invest in research to bring a new product to market that has a limited marketability, and it 
is going to leave use without some control options.” (Participant #7, Grower) 

 
3. “There are new products and new varieties for rotating in cotton and soybeans and stuff, 

coming out every year. But for tobacco and sweet potato it is always the same stuff - 
same varieties, same products - there are not enough acres for it to be an economic 
benefit for companies to bring new products to the market.” (Participant #13, Grower) 

 
4. “I called my supplier, and they told me that they were going to be getting the same 

amount of Roundup as they did last year, and anyone who bought last year can get the 
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same amount this year… so far I’ve only got a third of it. I’ve got enough to spray in-
crop, enough to spray one time. But I do not want to use Roundup for burndown this 
winter unless I get more…the only other option for us this year is paraquat, and that is not 
a good one. You have to get it out earlier, cause stuff has to be smaller and you probably 
have to make a second trip and do it twice.” (Participant #12, Grower)  

 
5. “I think that maybe the farmers that have a tighter budget or are not doing so well or are 

smaller in terms of acreage, or gross income, you could say are a little bit less willing to 
spend the money for resistance management…Like in weed control, I know a lot of 
smaller farmers aren’t as keen to put out a pre-emergent, because it costs extra money 
and it does not always work. Or with insects, they do not rotate their chemicals as much 
because they haven’t seen a profit in rotating.” (Participant #4, Extension agent) 

 
6. “Weed resistance is a big concern, because we are getting fewer and fewer chemistries to 

combat these resistant species. A big issue that we are coming in to this year [2022] 
especially is the price of products like round up, which went from $20 up to 60 or 70. 
That’s a huge increase, so folks are having to spray more toxic chemicals like paraquat 
products that are cheaper, but that does a lot of damage to the environment and is more 
dangerous for the farmer. If we see regulation on that, for good or for bad, its going to 
make rotating chemistries harder and more expensive for farmers.” (Participant #5, 
Extension agent) 
 

7. “Yes its [herbicide resistance] a big deal, it is an expensive deal. We are heavy on the 
residuals now, the less that come up the less we have to worry about killing. We still can 
not do things like hand-pulling, labor would cost us about $200 an acre, and that is not 
reasonable…but we also can not use things like only Roundup like we used to, even 
though it was easier on the wallet. That’s what got us in trouble in the first place.” 
(Participant #10, Grower) 

 
Qualitative interview data on economic limitations shows that sometimes there is a stark 

difference between what a grower would like to do versus what they can afford to do under 

different circumstances. This reality creates a tension between decision making that supports 

economic viability and ideal resistance management at the farm-level. Growers in our sample 

recognized this tension, and how economic constraints affect their ability to have access to 

technologies they need to effectively manage pesticide resistance. We also observed how 

important preparing to deal with these economic forces were firsthand at many of the grower 

meetings attended from January - April 2022. Extension’s consistent message at these meetings 

was that product availability would be strained during the growing season, which among other 

effects could inhibit growers’ ability to rotate chemistries due both to reduced supply and high 

prices. Extension specialists at these meetings provided several recommendations for navigating 

these challenges, but often with a caveat of uncertainty. Tumult and volatility in the global 
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supply chain operate outside the scope of what local extension has the resources to influence or 

control. Extension did its best at these meetings to help growers make informed decisions, but 

extension does not have the capacity to alleviate constraints rendered by global economic forces.  

Knowledge Adoption  

One of the core problems of social coordination is rooted in knowledge adoption, and the 

different barriers that prevent stakeholders from effectively exchanging useful knowledge with 

one another on topics related to resistance management. Therefore, our study focused attention 

on themes that emerged in our interview data related to how different stakeholders exchanged 

and took in new information and knowledge to understand knowledge adoption challenges in 

these contexts. Unsurprisingly, most of our perspectives on knowledge adoption reflected the 

dynamics between extension stakeholders and growers. Extension’s main professional role is to 

provide information and knowledge for growers to utilize in their practices, but growers have 

different reasons and mechanisms for choosing to adopt this knowledge, or not.  

On the extension side, it was clear that extension agents have worked for a long time to 

build awareness around issues of resistance management. Mainly, extension agents claimed that 

they had “preached the philosophy of resistance management to death” through technical 

education, and through their recommendations for how growers should put this knowledge to use 

in their own operations (see excerpts #5, quote #1). Extension stakeholders perceived this as an 

effective strategy, but one that works much better if growers have some direct, prior experience 

with the challenges of pesticide resistance. For example, several extension agents commented to 

effect that the emergence of Roundup resistant weeds was a “big wake up call” for growers to 

start incorporating resistance management concepts into their regular on-farm practices (see 

excerpts #5, quote #2). 

 

Interview Excerpts #5: Perspectives on Knowledge Adoption  

1. “In extension, we preached that philosophy of resistance management to death. Now, 
since we have started seeing more and more resistance pop up, they [growers] want to 
know ‘okay, if I am altering modes of action, which ones are the most effective? And 
how do I do that best?’ so growers know about it [resistance], but the new challenge is to 
make it work within their operation.” (Participant #10, Extension Agent) 
 

2. “I think extension has done a really good job of making farmers aware, you know they 
are all aware of issues with resistance, especially since we started seeing Roundup 
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resistant weeds pop up…I think that was a pretty big wake up call for some guys to start 
using these concepts in their operations.” (Participant #7, Extension Agent) 

 
3. “You know, I [agent] can say ‘you will increase your yield by this much if you spray two 

different insecticides, because you will not get resistance’ and they [grower] might say 
‘but if I am spraying one product three times a year and I am getting good control, and I 
do not have any resistance, why on earth would I change what I am doing?’ Those are the 
ones that worry me, those who have to see something go wrong before deciding to 
change what they're doing.” (Participant #4, Extension agent) 

 
4. “They (extension) are always preaching to us to rotate modes of action… do not use the 

same thing over and over again, incorporate in some different things into the mix so that 
weeds and insects do not get too used to one thing…not like back when we were all just 
using the glyphosate…We were trying to save money and time back then, but you know 
everyone is guilty of that… if we had not all tried to skimp, and if we had known what 
we know now back then we probably would not have the problem [glyphosate resistance] 
that we do today.” (Participant #15, Grower) 

 
5. “There are some farmers who do a lot of crop rotation, or plant cover crops who did not 

always used to, and it is more about soil health for them, or yield benefits and not about 
managing pests or resistance…I just say keep doing what you are doing if it works for 
them.” (Participant #2, Extension agent) 
 

6. “Sometimes, if I can confidently say ‘hey, you can cut your rate back in half and still 
achieve good control’ or suggest that someone does not have to spray the top of the line 
product so many times during the year, that they can rotate it with something else, that’s 
usually taken well because it translates to saved costs.” (Participant #1, Extension agent) 

 
 However, some participants were concerned with the idea that some growers needed to 

see concrete, tangible failure in the efficacy of herbicides like Roundup to boost awareness of 

resistance issues, and initiate a change in practices. For example, one extension agent worried 

that the abstract nature of some resistance related recommendations were not convincing enough 

to displace a logic of convenience (see excerpts #5, quote #3). The implication was that growers 

operate based on what's in front of them, and that some have to “see something go wrong before 

deciding to change what they are doing” (see excerpts #5, quote #3). Past research has suggested 

that this logic of convenience keeps growers engaged in management practices that appear 

simpler than other alternatives (Moss, 2019). It is possible, then, that awareness of the nature and 

extent of resistance evolution might not prompt growers to change their practices. For example, 

there was some recognition in our interview data from growers that the attractiveness of 

Roundup was anchored in saving money and time (see excerpts #5, quote #4). Lived experience 
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of what one grower called trying to “skimp” impacted how grower’s perceived extension 

knowledge on resistance management today: “if we had known what we know now back then we 

probably would not have the problem [glyphosate resistance] that we do today” (see excerpts #5, 

quote #4).  

Another important theme on knowledge adoption that emerged from our data was the 

idea that alternative priorities could be viable channels for adopting resistance management 

practices. This idea refers to achieving a kind of incidental co-benefit in scenarios where growers 

implement practices that accomplish resistance management goals for non-resistance 

management related reasons. Some extension agents were keen on utilizing this tactic if an 

advisory scenario called for it. For example, one extension agent described how preaching crop 

rotations on the basis of improving soil health and yield potential was potentially more effective 

than prioritizing the benefits of mitigating resistance (see excerpts #5, quote #5). Similarly, 

another agent described how saving money in their experience is an important goal for growers. 

They adopted the strategy of aligning cost savings with knowledge of how to best implement 

chemical rotations, which they claimed was effective to promote adoption (see excerpts #5, 

quote #6).  

Convenience and cost-savings are normally worrisome priorities that can prevent the 

adoption of more complex practices in pest and pesticide resistance management (Moss, 2019 ; 

Hurley & Frisvold, 2014). Extension may be able to subvert that idea by capitalizing on the co-

benefits concept. If extension continually funnels knowledge and practice recommendations 

through the lens of convenience, cost reduction, and other agronomic priorities (e.g. soil health), 

growers could more readily adopt the requisite knowledge and practices needed to sustain 

effective resistance management. We think it would be worthwhile for future research to 

investigate how this idea of co-benefits aligns with current extension agent recommendation 

practices. More broadly, future research would also benefit from investigating how different 

extension agents work closely with growers to understand the multiple diverse perspectives and 

priorities that growers have, and how they tailor their recommendations according to those 

priorities.  
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Competitive Communication  

Our data revealed that several stakeholders from our sample engage in what we termed as 

norms of “competitive communication”. This refers to communication norms that are anchored 

in perspectives of stakeholders as being in competition with one another when it comes to 

sharing and distributing information. This competitive communication affected the way 

stakeholders viewed the potential to work with other stakeholders to solve problems related to 

resistance management. On the grower side, competitive communication was anchored in norms 

of withholding information. Grower perspectives suggested that knowledge and insights gained 

by navigating on-farm challenges in pesticide resistance were rarely shared with other growers in 

the community. Some growers described communicating with other growers as sharing 

information “defensively” and considering management information and knowledge as “trade 

secrets” (see excerpts #6, quote #1 and #2). Phrases like “trade secrets” and “share information 

defensively” arguably work against narratives of ideal best management practices because they 

inhibit sharing knowledge on trends in resistance management. This is evident in some 

perspectives that explicitly state how a grower would actively choose not to spread awareness of 

pest or resistance issues (see excerpts #6, quote #1 and #2). Not all growers in our study thought 

explicitly in those terms. One grower acknowledged that to some degree they do compete with 

other growers, but that they did believe growers could share information on broad challenges. 

However, that perspective stopped “at the property line”, meaning that information on more 

season-season challenges might not be shared among growers. 

 
Interview Excerpts #6: Norms of Competitive Communication 
 

1. “In the neighborhood there are fellow farmers, but they are also competitors, and I keep 
both sides of that relationship in mind. We will probably share information more 
defensively, with what traits we have, what we are spraying, worrying about drift and 
things like that. But I would not say ‘well i’ve got resistant plant bugs, you need to be 
watching to see if they show up in your crop.’” (Participant #9, Grower) 

 
2. “We might be somewhat competitive, some of that information on management might be 

considered a trade secret, or offer a competitive advantage. So for example, if stinkbugs 
are there, and I know about them, but its of no particular advantage for me to tell you 
about the stinkbugs, well then you might just have to take your lumps with the 
stinkbugs.” (Participant #10, Grower)  
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3. “I think there is potential for us [growers] to be watching the horizon together, but less 
potential to be watching the property line. I think things that are of a general nature 
coming from way off giving us [growers] all a heads up on something are ok, but in terms 
of someone saying ‘I’ve got this problem in my crop, you need to be on the lookout of 
seeing it down the road in your crop’ we might not be that magnanimous or cooperative.” 
(Participant #17, Grower) 
 

4. “Some of the people with the chemical companies, you know they have tons of money 
that extension does not, so they are sending people out to scout people’s farms and give 
them recommendations…that guy they send is a salesman, you know? I have encountered 
several times where they will send people out to scout or they will send people out to do a 
tissue sample, and I have received a call from the farmer afterwards asking if they really 
need to do this… so I will go out, take my own samples and usually find they do not need 
to do anything... Just think about who is giving you the information, whenever you call 
extension you’re getting a completely unbiased research-based answer, and I am not 
making a dime off of anything I tell you.” (Participant #3, Extension agent) 

 
5. “I had a farmer tell me once ‘you know, I see some dealer or another everyday. I see you 

at best twice a month.” And so they [companies] win that communication battle, just by 
sheer numbers… and I used to work for [company] and if you do not have a competitive 
price for your product, and you had to go with sheer volume and discounts to be 
profitable, you know there are other reasons there for why companies make their type of 
recommendations. And it does not always agree with extension.” (Participant #9, 
Extension agent) 

 
6. “Extension is probably going to be more conservative than what a sales rep or consultant 

is going to recommend to a farmer in terms of pesticide usage… Maybe the extension 
recommendation ends up with 50lbs difference or so in yield, but they [growers] usually 
end up spending more money on those inputs with the consultant recommendations. And 
you know how [extension specialist] talks about preserving your beneficial insects, a 
consultant might opt for a pesticide that is going to for sure knock out the desired bug, 
but it is going to kill the beneficial ones as well.” (Participant #6, Extension agent) 
 

 
7. “A lot of farmers go to the company rep that they buy the most stuff from, and the 

company rep their job is to sell so they are going to go out every couple of weeks to 
check in and talk to the farmer. I know they are all aware of it [resistance] and they want 
to make sure the farmer does well, I do not think I’ve met a single one that cares only 
about money and profits, but at the same time if information only comes from the 
company, they are only going to care about selling their product. They will recommend 
the rotating, they will recommend to use something else, but I fear that some of them are 
saying ‘my product is the best product’ whether it is or not, and do not have any proof of 
this. I’ve heard the rumors that its not quite the best research done to prove their product 
is the best, in some way shape or form from company trials.” (Participant #4, Extension 
agent) 
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We found grower perspectives on competitive communication to be somewhat surprising, 

considering that previous research has suggested that growers share information and knowledge 

on new challenges with other growers and value hearing about other growers’ experiences 

(Skalsveen et al, 2020 ; Wood et al, 2014). Sharing information and knowledge across different 

stakeholder groups strengthens coordination, and therefore promotes effective landscape-level 

resistance management (Ervin & Frisvold, 2016). However, if growers see other growers as 

competition and are not motivated to communicate with one another on these issues, 

coordinating action could become more complex. Given our small sample size, it's important that 

future research follows up on this theme to understand its prevalence across a greater number of 

grower perspectives, and if a communication gap is the result of these perspectives.  

Norms of competitive communication were also found in the perspectives of extension 

agents. Extension agents suggested that they sometimes felt like they were in direct competition 

with industry representatives for the attention of growers. Some agents reported that profit-

motivation of industry conflicted with the extension mission of providing evidence-based 

recommendations, and this was the reason for this competition. Examples from our data included 

agents suggesting that some industry representatives use sales tactics masked in evidence-based 

recommendations to convince growers to use their products. When industry representatives do 

this, some agents reported having to serve as a check against these tactics by providing an 

“unbiased, research based answer” to counteract what an industry representative told a grower 

(see excerpts #6, quote #4). Another agent suggested that the core issue with industry 

recommendations is that they are backed solely by company trial data, which means that 

representatives “are only going to care about selling their product” and may claim that “my 

product is the best product” absent valid proof of these claims (see excerpts #6, quote #7).  

Extension agents suggest that the success of industry recommendations - regardless of 

quality - is anchored in their high rates of interaction with the grower community, a rate that 

extension simply cannot match. As one agent put it, “I had a farmer tell me once ‘you know, I 

see some dealer or another everyday. I see you at best twice a month.” A big reason for this lack 

of exposure was suggested to be a result of resource disparities. Agents commonly reported 

perspectives that suggested industry has “tons of money that extension does not” which allows 

industry to “send people out to scout people’s farms, and give them recommendations” and to 

“go out every couple of weeks to check in and talk to the farmer” (see excerpts #6, quote #4 and 



 

119 

#7). The disparity between extension’s ability to interface with growers versus industry’s for 

some agents meant that industry representatives usually “win the communication battle, just by 

sheer numbers” (see excerpts #6, quote #5).  
Extension perspectives on competitive communication were less surprising to encounter. 

Previous research has noted that industry recommendations are often influenced to some degree 

by profit motivation (Shroeder et al, 2018 ; Hendrickson et al, 2017), especially in the context of 

pest and resistance management. This does not pacify the importance of this finding, rather it 

intensifies problems of social coordination. To achieve better landscape-level outcomes, 

recommendations and practices from both extension and industry need to be aligned on the same 

management principles, which could be difficult to achieve given the different institutional 

missions of private industry and public service extension (Deguine et al, 2021 ; Shroeder et al, 

2018).  

Benefits of On-Farm Research   
The last theme to emerge from our data that was relevant to perspectives on social 

coordination was the value placed on participatory research by both growers and extension 

agents. In this context, participatory research refers to the direct involvement of both growers 

and extension stakeholders across the design, facilitation, data collection, and data sharing 

phases of a research project. Most often, perspectives on this topic revolved around on-farm 

research trials as effective learning interactions and mechanisms of knowledge co-production. 

Extension agents described on-farm research trials as “done on the farm in response to farmers 

who say they have a specific problem they need looked at” and are crucial to “finding answers to 

important problems, but also for the benefit of growers to learn” about important concepts at the 

center of extension recommendations (see excerpts #7, quote #1 and #3). Growers echoed the 

value of these interventions, and emphasized the importance of “getting to see all of those 

[research] results working on our land”. Research trials conducted in “real life conditions” offer 

growers “an opportunity to gain some insights and help with operations” because that research is 

“brought down to a field level and to an environment that [growers] are used to managing” (see 

excerpts #7, quote #2 and #3).  
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Interview Excerpts #7: Cooperation in On-farm Research Trials  
 

1. “Every year, we do a few base on-farm research trials. All of those trials are started, or 
done on the farm in response to farmers who say they have a specific problem they need 
looked at, and we [extension] want to see whether it is related to production practices, 
insecticides, herbicides, etc… They [growers] have a much stronger response to 
extension information when they can see it developed for themselves.” (Participant #5, 
Extension agent) 

 
2. “They [extension] are not shy about coming out to the farm to address a problem, or do 

research on the farm, which works out for both of us… they can do all the research on 
their own, but doing it out on my farm, those are real life conditions. For example, 
[researcher] has set up a trial, a large trial, and it is not something that they can do 
regularly, because this is not like 6 rows at 100ft long, this is 100-120 acres. And we get 
to see all of those results working on our land, and learn from them for the future.” 
(Participant #12, Grower)  
 

3. “Getting extension research plots right out next to where we grow our crops brings it 
down to a field level and to an environment that we are used to managing. If everything 
stays on the research station, you know sometimes the weather and soil types just 20 
miles away are completely different and the results are not necessarily applicable… so I 
think most growers use it as an opportunity to gain some insights and help them with 
their own operation. I think it is a win-win for everybody.” (Participant #7, Grower) 

 
4. “A lot of the on farm trial research we do is about finding answers to important problems, 

but also for the benefit of growers to learn about the things we are trying to communicate 
to them. To speak about it in a meeting is one thing, but to head out to their land and 
show them, it hits differently… I think it speaks to the importance of the in-person 
experience.” (Participant #11, Extension agent)  
 

5. Interviewer: How did these field trials between you and [company] take shape?                          
Grower: “Almost exclusively they came to me. They were looking for a particular pest 
profile to test their product, a particular nematode presence or fall army worm presence 
or something of that nature, and if I am in a position to observe the plots, those 
background conditions that made the experiment they want to do possible so then they 
approach me…although it is not as one sided as it sounds, because if I have the 
conditions they are looking for it is probably a problem for me and a priority, so I am 
motivated to participate and cooperate as well.” (Participant #13, Grower)  

 
Outcomes of on-farm research trials offer growers and extension opportunities to gain 

knowledge and insights on problems and challenges that are important to various production 

practices. Growers and extension have the opportunity to co-produce knowledge when they work 

together to identify problems, potential solutions, and co-facilitate the tasks of performing 

research. This generates important learning outcomes on specific problems, but also can build 
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trust and understanding between these stakeholder groups. Both conditions help build 

cooperation on pest management challenges and can perhaps lead to strengthening cooperation 

on pesticide resistance. Some growers also described participating in research trials with industry 

representatives. In general, growers valued these experiences but suggested that those 

interventions seemed to be constructed more out of convenience for industry than they did value 

for growers. As one grower described, industry is looking for “background conditions that made 

the experiment they want to do possible” as opposed to directly responding to grower challenges 

and priorities (see excerpts #7, quote #5). This respondent did add that they were motivated and 

interested in participating, because what industry is looking at is “probably a problem for me and 

a priority” even if they were not the one determining research priorities (see excerpts #7, quote 

#5).  

While several perspectives described instances of research on pest management - which 

is closely related to pesticide resistance - we did not encounter instances where on-farm research 

was directly connected to pesticide resistance. This does not mean that they do not exist in our 

case context; it could simply be absent from the experiences of our small sample. Even so, we 

think it is important for extension to continue pushing the envelope on developing on-farm 

research projects related to pesticide resistance and providing growers with opportunities to 

actively contribute to the research process. New institutional arrangements and professional 

norms might have to be developed to perform meaningful research on pesticide resistance. 

Conclusion and Future Work  

In this study, we have provided a qualitative analysis of some of the challenges of 

managing pesticide resistance in Eastern North Carolina. We gathered perspectives from 

different local stakeholders across the grower community and extension to identify and analyze 

some of the important themes and tensions in responding to problems with technology and 

management, and problems with social coordination. Our analysis, in its limited capacity to 

suggest meta-themes, points towards different insights on how problems with technology, 

management, and social coordination are experienced. Those themes include 1) the emergence of 

techno-pessimism as a critical attitude towards the effectiveness of pesticide technologies; 2) the 

variable effects of economic limitations on ideal resistance management in local contexts; 3) the 

effects of lived experience on pesticide resistance knowledge adoption; 4) utilizing the framing 
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of co-benefits as an avenue to promote pesticide resistance knowledge adoption; 5) the 

prevalence of competitive communication; and 6) the importance of on-farm research to generate 

opportunities for knowledge co-production between growers and extension. More research is 

needed to flesh out these themes given the limitations of our small sample size in this study. We 

invite future research to draw upon our preliminary insights to investigate the prevalence of these 

themes across greater numbers of grower and extension agent perspectives.  

We see all of these themes as providing important insights for how pesticide resistance is 

experienced in our case context of Eastern North Carolina. In addition, we think Eastern North 

Carolina is a particularly viable site for future research on knowledge co-production for 

integrated approaches to pest and pesticide resistance management. Theoretical frameworks on 

co-production propose bringing diverse expertise into direct learning collaborations with one 

another (Miller & Wyborn, 2020 ; Jordan et al, 2020 ; Akpo et al, 2014 ; Carolan, 2006). In 

Eastern North Carolina, experiments in co-production could tap into the already-established 

norms of direct collaboration via on-farm research. Research projects could focus explicitly on 

experimenting and adapting more integrated approaches to pest management that combine 

cultural, mechanical, and chemical tactics to management resistance. Growers who are skeptical 

or pessimistic about the future of the pesticide treadmill would benefit from participating in such 

experiments, especially if management co-benefits are advertised at the forefront of 

participation. Over time, growers can take what they learn and build it into their operational 

capacity with the consistent support of those expert stakeholders who are most familiar with their 

operation. In addition, experiments in co-production could lay the groundwork for future 

cooperative management approaches by building norms of collaboration and communication 

between diverse stakeholders (Ervin & Frisvold, 2016). Trust, reciprocity, and productive 

relationships around innovation in pest and pesticide resistance management could be built 

through repeated exposure to diverse stakeholder knowledge, experiences, and joint-problem 

solving through research (Jordan et al, 2020 ; Wood et al, 2014 ; MacMillan & Benton, 2014). 

Future work is needed to continue researching if and how stakeholders are open to adopting new 

frameworks and practices in their local contexts, and how the decisions of institutions can 

support those actions.  
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Appendix A: Electronic Questionnaire (NC State IRB Protocol 
23956) 

 
PART 1: Participant Description and Perspective Questions  
 
DIRECTIONS: Please answer some basic descriptive questions about yourself. All survey data 
will be de-identified in any and all research reports and publications. You may take a break from 
the survey at any time by saving your survey link and re-posting it into your browser at a later 
time.   

1. What is your name? (First-Last) 
2. What is your age? 
3. What counties do you farm and/or work in? 
4. What is your primary occupation? 
5. What crops do you grow? (Answer only if you own/operate a farm) 
6. What does the term "insecticide resistance" mean to you? Feel free to answer in a few 

words or a few sentences. 
7. What does the term "insecticide resistance management" mean to you? Feel free to 

answer in a few words or a few sentences. 
8. What does the term "herbicide resistance" mean to you? Feel free to answer in a few 

words or a few sentences.  
9. What does the term "herbicide resistance management" mean to you? Feel free to answer 

in a few words or a few sentences 
10. On a scale of 1 to 5, with 1 being least concerned and 5 being most concerned, rate how 

concerned you are about insecticide resistant insects? 
11. On a scale of 1 to 5, with 1 being least concerned and 5 being most concerned, rate how 

concerned you are about herbicide resistant weeds? 
 
PART 2: Personal Network Questions 
 
DIRECTIONS: There are 2 steps to this next survey section. Please read all directions to each 
step carefully.  
 
Step 1 - Name Generating Questions: To the best of your ability, please list the names of all 
the people and/or entities you can think of (limit of 15) who you have talked to and/or received 
information from about the following topics in the past 5 years: 

- Herbicide resistance management  
- Insecticide resistance management  
- On-farm insect pest management  
- On-farm weed management  
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Write down the names first before you enter them in the survey, and keep the written list for 
reference as you continue the survey. You may choose to provide a pseudonym/nickname for 
any person you wish to list, but please make sure you clarify who this person is in your own 
written list. 
 
Step 2 - Name Interpreting Questions: After you complete your name list, please answer some 
descriptive questions for each person on your list. You can return to this name list section at any 
time during the rest of the survey to add/change your answers. All answers will be de-identified 
and anonymized in the survey data following data collection. No personal or identifiable 
information that you submit will appear in any research products. 
 

1. What is this person’s occupation? 
2. In general, what topics do you discuss with this person? (Select all that apply) 

a. Issues with herbicide resistant weeds 
b. Issues with insecticide resistant insect pests 
c. Insect pest control methods  
d. Weed control methods  

3. Where do you interact with this person? (select all that apply) 
a. In the home  
b. Extension center or event  
c. Place of business  
d. Social events  
e. Over the phone  
f. Online and social media  
g. Other (Please specify 

4. How often do these interactions occur? (select one) 
a. Everyday  
b. Once a week  
c. Once a month  
d. A few times a year  
e. Other 

5. Approximately how long have you known each other? (select one) 
a. Less than a year  
b. 1-5 years  
c. 5-10 years  
d. More than 10 years 

6. How would you describe your relationship with this person? (select all that apply) 
a. They are a friend  
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b. They are family  
c. They are a co-worker  
d. They are a business contact  
e. They are my neighbor  
f. We are members of the same community  
g. They are a mentor  
h. They are a mentee/student  
i. Other (please specify) 

7. How do you normally communicate information and knowledge with this person? (select 
one) 

8. This person is very knowledgeable (select one) 
a. 1 = Strongly Disagree     
b. 2 = Disagree     
c. 3 = Neutral     
d. 4 = Agree     
e. 5 = Strongly Agree 

9. This person is a trusted source of information (select one) 
a. 1 = Strongly Disagree     
b. 2 = Disagree     
c. 3 = Neutral     
d. 4 = Agree     
e. 5 = Strongly Agree 

10. I regularly apply what I learn from this person in my job activities (e.g. on my farm, at 
my business, in my research, etc.)  (select one) 

a. 1 = Strongly Disagree     
b. 2 = Disagree     
c. 3 = Neutral     
d. 4 = Agree     
e. 5 = Strongly Agree 

11. This person's professional goals and interests are aligned with mine (select one) 
a. 1 = Strongly Disagree     
b. 2 = Disagree     
c. 3 = Neutral     
d. 4 = Agree     
e. 5 = Strongly Agree 

12. This person's personal values are aligned with mine (select one) 
a. 1 = Strongly Disagree     
b. 2 = Disagree     
c. 3 = Neutral     
d. 4 = Agree     
e. 5 = Strongly Agree 
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Appendix B: Virtual/Phone Interview Guide #1 (NC State IRB 
Protocol 23956) 

 

Purpose: to collect additional information on interactions with the individuals who occupy role 
in participant’s personalized network.  

Introduction Script: Today I am going to be asking you some follow up questions based on 
your responses to the survey you took. When I ask about specific people, I will use the names 
you provided me on the electronic survey. If you find it helpful during your responses to be 
specific about certain people and use their actual names, feel free to do so. I will be removing 
people’s names from the interview transcripts in the next step of data collection so that no 
identifying information will be retained.  

 

[Interview questions] 

Prompt: If you can, think of conversations you had with [person] about managing resistant 
insects or weeds: 

1. What kinds of specific topics did you usually talk about?  
2. What kinds of things do you learn from this person?  
3. What do you think this person learns from you?  
4. From your perspective, what makes this person a good source of information and 

knowledge? 
 
Prompt: Think about pesticide resistance more broadly, and from your perspective as a 
[stakeholder professional role]: 
 

5. What are your biggest concerns related to insecticide resistance and herbicide resistance? 
6. Are you concerned more about insecticide resistance or herbicide resistance? Why? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

138 

Appendix C: Virtual/Phone Interview Guide #2 (NC State IRB 
Protocol 23956) 

 
Purpose: to collect information on stakeholder perspectives on challenges with pesticide 
resistance evolution and management  

Introduction Script: Today I am going to be asking you some questions about your perspectives 
and experiences with  herbicide resistance and insecticide resistance. Everything you share in the 
interview will be anonymized in the interview transcripts in the next step of data collection so 
that no identifying information will be retained.  

 

[Interview Questions] 

(Prompt) Think about your past experiences with pesticide resistance in your local area:  

1. What are some of the biggest challenges related to pesticide resistance in your 
local area? 

2. How do you address those challenges as a [grower/extension agent]?  
3. What role does technology play in managing pesticide resistance?  
4. Do you communicate with other stakeholders on issues related to pesticide 

resistance?  
5. Do you cooperate directly with other stakeholders (e.g. growers, extension, 

industry) to address challenges in pest management? Pesticide resistance 
management?  

 
 
 
 


