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ABSTRACT 

 

Today’s world is characterized by various changing conditions and increased 

unpredictability, ranging from environmental upheavals to technological advancements. 

This dissertation is an attempt to advance our understanding of the processes and actions 

of decision-makers that aid in moderating harm and exploiting beneficial windows of 

opportunities in either anticipatory or reactive manners. Adopting a multidisciplinary 

approach, the first essay examines the issue of rural household resilience. This essay 

synthesizes some of the main contributions from various subfields and proposes a 

typology (i.e., a systematic classification of related concepts) to organize knowledge in this 

arena, as well as to guide future research and review efforts. The second essay assesses 

the resilience capacities of agro-pastoralists in the Altiplano region of Bolivia. The Bolivian 

Altiplano is characterized by climate variability and change. The households in this region 

are constantly engaging in a range of resilience-building activities, and this study 

investigates the effectiveness of those efforts. The third essay focuses on issues relating 

to the adoption of smart farm networks. Due to the rise in threats that transcend farm 

boundaries, management practices at the landscape or community level—aided by 

computing and communications technology—are often required to respond adequately. 

This study employs a translational research process to examine the views of commodity 

crop farmers in the United States on the use of digital technologies in collaborative 

contexts. Taken together, the essays in this dissertation contribute to the discussion and 

examination of decision-making in the contexts of change and uncertainty.



1 
 

CHAPTER 1. INTRODUCTION 

 

The actions of agents are based on observations of their environment. Such 

observations could for instance be made through biological sensory processes in the case 

of humans. However, observations are often incomplete or noisy and agents resort to 

decision-making processes to determine their actions (Kochenderfer 2015). The decision-

making process of actors is not necessarily straightforward. The outcomes of choices are 

not always known, and decisions may sometimes have to be made in collaborative 

environments with multiple agents. Furthermore, decision-makers often have to deal with 

various scenarios of change.  

The process of decision-making becomes more complex when such changes lie at 

the intersection of human-nature relationships. With respect to the dynamics between 

humans and their environment, Constantino and Weber (2021) put it succinctly:  

“Not only are key variables and probability distributions unknown (parametric 

uncertainty), but the underlying generative model is changing and complex 

(structural uncertainty), which objective function (and in turn whose interests) to 

be prioritized is unclear (ethical uncertainty), and future trajectories are numerous” 

(p. 152).  

Take climate change for example. In addition to influencing the behavior and 

distribution of organisms, climatic changes also have genetic effects on many species 

(Frank and Hoffmann, 2010). Additionally, climate change could have various detrimental 

effects on humans such as reduction in food supply (e.g., through weather shocks), 
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increasing risks to human health (e.g., through heat waves), and impeding several other 

development outcomes (NOAA 2021; Ayers and Dodman 2010). 

Although it is vital to investigate the impact of these changing conditions, and 

valuable to document the ways in which humans experience them, it is also important to 

advance our understanding of the adaptive actions of people (Moser and Ekstrom 2010). 

Unraveling such processes and actions will help inform decision-making which will 

ultimately assist with moderating harm and exploiting beneficial windows of 

opportunities in the face of increased unpredictability. 

Similarly, when it comes to decisions about adoption of new technologies, there is 

considerable uncertainty since new innovations are not completely known or understood 

in advance (Chavas and Nauges 2020). For instance, with respect to a new agricultural 

technology, farmers will have to deal with the uncertainty surrounding the suitability of 

the technology to their operations, uncertainty about how best to use it, and uncertainty 

about future earnings (Chavas and Nauges 2020). These uncertainties have resulted in low 

and slow adoption of new agricultural technologies in some regions, thereby frustrating 

technology development and promotion efforts (Yigezu et al. 2018). However, processes 

such as learning—whether from one’s own experience or the experience of others—can 

help reduce the imperfect knowledge that acts as a barrier to technology adoption 

(Pannell et al. 2006; Marra et al. 2003; Foster and Rosenzweig, 1995). 

Thus, investigating the processes and actions that agents adopt to help them take 

advantage of opportunities, or to cope with, manage, or adjust to hazards—especially in 

the face of increasing volatilities—is of necessity. This dissertation is therefore an attempt 
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to advance the discussion and examination of decision-making in the contexts of change 

and uncertainty. The three essays presented in this dissertation explore conditions and 

attributes that help decision-makers limit the adverse effects of perturbations on their 

wellbeing or take advantage of opportunities, in either anticipatory or reactive manners. 

The structure of the rest of this dissertation is as follows.  

Chapter 2 examines the issue of rural household resilience. Due to the increase in 

both the frequency and severity of shocks and stressors that rural households are faced 

with, a vast array of studies has emerged in recent times on matters relating to their 

resilience. Scholarship in this field has benefitted from insights from multiple disciplines 

including applied economics, disaster risk management, and human ecology, to name a 

few. These diverse contributions, although beneficial and necessary, have led to what 

appears to be discrepancies in the research arena. Using a bibliometric approach and 

thematic clustering, the chapter sheds light on the research landscape of rural household 

resilience. Furthermore, this essay synthesizes some of the main contributions from 

various subfields and offers a systematic way for studies to approach the subject matter. 

From issues such as the objective and subjective dimensions of resilience characterization 

and measurement, to the degree of integration of the broader social ecological systems 

within which households exist, the systematic classification of related concepts carried 

out in this essay helps to organize knowledge, as well as aims to provide a guiding 

framework for future research and review efforts. 

Chapter 3 of this dissertation builds on the chapter before it by empirically 

investigating the resilience of rural households in the Altiplano region of Bolivia. 
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Specifically, this essay seeks to assess the resilience capacities of agro-pastoralists to 

environmental shocks. The Bolivian Altiplano is characterized by climate variability and 

change. The households in this region are constantly engaging in resilience-building 

activities and there is need for the effectiveness of such efforts to be evaluated. This essay 

employs a structural equation model to assess various factors such as the 

sociodemographic characteristics and livelihood strategies of households, as well as 

households’ perceptions (e.g., self-assessments of their capabilities). By integrating both 

objective and subjective measurements, this study takes advantage of the value inherent 

in both approaches by accounting for the tangible (or directly observable/measurable) 

elements of resilience like household assets and income, as well as the intangible 

elements like household agency, risk perception, and other psychosocial factors that 

shape the responses of households. 

Chapter 4 of this dissertation focuses on issues relating to the adoption of smart 

farm networks. Due to natural phenomena like global warming and climate change, 

agricultural production is increasingly faced with threats that transcend farm boundaries. 

Management practices at the landscape or community level—aided by computing and 

communications technology—are often required to adequately respond to these new 

challenges. However, behavioral and social factors act as barriers to farmers harnessing 

all the potential gains inherent in technological solutions. This study employs a 

translational research process to examine the drivers of adoption of smart farm networks 

among commodity crop farmers in the United States. The study utilizes focus groups and 

questionnaires to bring to the fore farmers’ views on the use of digital technologies in 
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collaborative contexts. This essay sheds light on the concerns farmers have relating to 

smart and connected farm networks, including their perceptions about potential features 

of the network, as well as their attitudes towards other stakeholders involved in the 

management and utilization of such innovations. Furthermore, the participatory approach 

adopted for this study helps provide insights into the process of developing innovations 

that are both actionable and trusted by potential end users.  

Chapter 5 concludes the dissertation. 
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CHAPTER 2. RESILIENCE OF RURAL HOUSEHOLDS: INSIGHTS FROM A 

MULTIDISCIPLINARY LITERATURE1 

 

2.1. Introduction  

Rural households are faced with various shocks that adversely affect their welfare 

and are, therefore, constantly negotiating ways to mitigate risks and respond to the 

changing conditions around them (Chambers and Conway 1992). Such perturbations 

could range from environmental upheavals (e.g., floods or droughts) to economic turmoil 

(e.g., price fluctuations) or social disruptions (e.g., political conflicts or changes in 

government policy). It is important to note that these disturbances are not usually one-

dimensional (e.g., solely environmental). They have various qualitative and time 

dimensions, and they elicit either ex ante or ex post responses from households (Valdivia 

2004). 

In general, resilience is considered to be the capacity of individuals, groups, or 

systems to limit vulnerability to various shocks and stressors in either an anticipatory or 

reactive manner, without jeopardizing long-term viability (Awazi, Tchamba, and Avana 

2019; Serfilippi and Ramnath 2018; Tanner et al. 2015;). However, directing the focus of 

resilience studies to humans and their livelihoods puts people at the center of the 

discussion and takes into consideration the capabilities and agency people possess 

(Tanner et al. 2015).  

 
1This chapter is modified Bekee, B. and Valdivia, C., 2023. Resilience of Rural Households: Insights from a 
Multidisciplinary Literature. Sustainability, 15(6), p.5500. 
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It has since been noted that the household is often the appropriate unit of analysis 

in rural areas for crucial decisions such as consumption and labor supply (Wheelock and 

Oughton 1996). Specifically with regard to social-ecological analysis, the household’s 

operations represent a more significant unit than the individual (Ruiz-Ballesteros and 

Ramos-Ballesteros 2019). In addition, the household provides the relevant social, cultural, 

and historical context within which individuals are situated, as well as offers a suitable lens 

for examining a variety of motivations that influence the observed actions of individuals 

[6,8]. Therefore, from a rural household perspective, resilience can be viewed as 

comprising the various characteristics, actions, and strategies that positively moderate the 

relationship between shocks and development outcomes (Constas, Frankenberger, and 

Hoddinott 2014).  

Due to the increase in both the frequency and severity of the shocks and stressors 

that households face, a vast array of studies has emerged on the issue of rural household 

resilience in recent times. Researchers from a wide range of fields including applied 

economics, disaster risk reduction/management, human ecology, and human geography, 

among others, have embraced the task of investigating this important subject. However, 

this increased interest and scrutiny from practitioners and scholars has resulted in a lack 

of consensus in its definition and measurement, among other aspects, as well as in our 

ability to synthesize findings and recommendations (Douxchamps et al. 2017; Serfilippi 

and Ramnath 2018). 

Sometimes, the extent of the divergence noticed in the literature makes one 

wonder if it is the same concept being studied or whether it is just a case of different 
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dimensions of resilience being examined (Ansah, Gardebroek, and Ihle 2019), or even 

more, if resilience is so remarkably contextual that it leaves little to no room for the cross-

comparability of studies. This paper is an attempt to address some of these concerns and 

to offer a systematic approach to further carry out research on the subject matter. 

 

2.1.1. Aims of This Study 

With variations in resilience conceptualizations, as well as in the resulting 

approaches to investigating how rural households can build resilience (Serfilippi and 

Ramnath 2018; Barrett et al. 2021), it is important to synthesize existing knowledge in this 

subfield to better direct future studies. In the words of Elinor Ostrom,  

“Without a common taxonomy of core variables, research conducted by 

scholars from multiple disciplines tends to focus on variables of major interest 

to their own disciplines without recording, measuring, controlling for, or even 

thinking of other variables that might account for the patterns of interactions 

and outcomes observed” (Ostrom 2007, 15186). 

The study of rural household resilience benefits from insights from multiple 

disciplines. However, there has been limited scrutiny on the issue from a more holistic 

point of view. This study aims to fill that gap and highlights the complementary nature of 

research from different fields. The present study does not attempt to take on the 

ambitious goal of laying out all the relevant pieces to consider in an inquiry of rural 

household resilience. Additionally, the goal of this paper is not to carry out a quantitative 

systematic review of the literature. It has been pointed out that such a task would be of 
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limited utility due to the significantly non-representative nature of wellbeing indicators, 

shocks, and study regions about the topic found in the literature (Barrett et al. 2021).  

Rather, this paper conducts a more general knowledge synthesis and offers a 

systematic classification of existing knowledge on the subject from several subfields. In 

this regard, a major objective of this paper is to produce a typology that captures different 

elements of these research strands and offers a framework that can be applied across 

various settings. Such a task is necessary since resilience has been pointed out to be an 

arena for generating integrative science and interdisciplinary collaboration in promoting 

a more sustainable development for humanity (Folke 2006). Furthermore, such a typology 

can be useful in guiding subsequent (systematic) review efforts in the field of rural 

household resilience, as well as help build a pipeline of studies that produce evidence that 

can be replicated across a range of settings. 

 

2.2.  Methodology 

This study begins by providing a broad overview of knowledge on rural household 

resilience from different disciplines. Several reviews along different dimensions of 

resilience relating to rural households have already been carried out in the literature. For 

example, Serfilippi and Ramnath (2018) provide an overview of competing resilience 

definitions used by researchers and development organizations. Additionally, they 

compare resilience with vulnerability and sustainability; evaluate some of the common 

frameworks employed in the analysis of resilience; and present a list of indicators that 

could help in its measurement. Douxchamps et al. (Douxchamps et al. 2017) conduct a 
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similar review and focus more on the existing resilience assessment tools that have been 

created for the context of climate change and agricultural development. On the other 

hand, Ansah et al. (Ansah, Gardebroek, and Ihle 2019) provide a review of resilience 

concepts, methodologies, and empirical evidence strictly from a food security 

perspective.  

More recently, and more closely related with some of the goals of this present 

work, Barrett et al. (Barrett et al. 2021) carry out a scoping review and examine how 

resilience has been conceptualized in the international development literature. They 

probe the accompanying analyses that follow such theoretical underpinnings, as well as 

the purposes, findings, limitations, and implications of empirical studies on the subject 

matter. They consider both the individual and household level studies and focus on low- 

and middle-income countries. 

The review carried out in this study is distinct in some of its objectives and 

approach. It begins by conducting a bibliometric analysis to intentionally uncover the 

breadth and nature of disciplinary contributions to the study of rural household resilience. 

Bibliometric analyses are often employed to analyze the pattern and context of knowledge 

production in a subject area (Qin et al. 2020). They are also helpful in identifying 

subdomains of research fields. The keywords used in the bibliometric search were 

informed by the literature and additional suggestions were received from other 

researchers in the field. Search strings included phrases like {resilien*2 capacit*}, 

 
2 (The wildcard symbol (*) represents zero or more non-space characters. This ensures that all words 
beginning with the suggested phrase are captured)  
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{livelihood* resilien*}, {resilient household*}, {development resilien*} {livelihood* 

adaptat*}, {socio-ecological/socio-environmental resilien*}, {socio-ecological/socio-

environmental adapt*}, etc. The systematic search was conducted in Scopus database 

between January and February 2021 and the resulting analysis was carried out using 

Microsoft Excel and VOSViewer 1.6.11. (Additional details of the bibliometric analysis and 

output are available from the authors upon request). 

Following the bibliometric review, a qualitative thematic clustering was carried 

out. The goal was to provide a general overview of the field of rural household resilience. 

For this, results from the bibliometric analysis were complemented with a “snowball” 

reference selection. That is, other relevant articles not captured by the systematic search 

(e.g., due to different keywords provided by the authors) were also incorporated into the 

document reviewed for this study. For instance, articles that lend insights into the 

theoretical/conceptual underpinnings of a research strand were included in the 

discussions, even if they did not constitute a part of the database for the bibliometric 

analysis. 

The themes used for the clustering were informed by elements of resilience 

studies found in the literature. Specifically, studies were broadly grouped based on the 

major outcomes of interest in those studies and by how resilience is both conceptualized 

and operationalized. The paper then culminates by offering a typology and discussing 

various issues that future studies on rural household resilience should carefully consider. 

The proposed typology is informed by practical considerations involved in conducting a 



14 
 

study on the resilience of rural households, such as deliberations surrounding how 

resilience is framed and made operational for a study. 

 

2.3.  Overview of the Literature 

The research landscape on resilience of rural households is vibrant and has been 

experiencing exponential growth over the past decade. The dates of publications spanned 

about three decades, with the earliest work published in 1992. However, among all the 

articles used in this study, only three were published in the 90’s. Over 95 percent of the 

articles were published from 2010 onwards, signaling the increased appeal of household 

resilience to researchers.  

About 3000 authors contributed to the documents used in this analysis. The 

individually most cited authors were Berkes F., Twyman C., and Stringer L. C., with 615, 

419 and 306 citations, respectively. The most cited work in the database was by Berkes 

and Jolly (2002), titled: “Adapting to climate change: Social-ecological resilience in a 

Canadian western arctic community.” There were over 70 journals with at least three 

publications, and with over 2000 citations and 38 articles, Ecology and Society was top-

ranked (Table 2.1). However, Global Environmental Change and World Development had 

the greatest link strengths (i.e., in terms of cross-citations from other journals) with 57 

and 56, respectively (Figure 2.1).  

Resilience, climate change, adaptation, vulnerability, adaptive capacity, 

livelihoods, and food security were found to be the most commonly used author keywords 

in the database used for the bibliometric analysis. Figure 2.2 below displays the co-
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occurrence network of author keywords. The figure reveals some of the common themes 

that have received greater attention in the field ranging from specific livelihood 

practices/strategies (e.g., agroforestry, migration) to countries/regions (e.g., Bangladesh, 

Africa) and shocks/stressors (e.g., climate change, floods). 

Table 2.1. Most impactful journals 

 

Journal 

Total Link 

Strength 

No. of 

Publications Citations 

Global Environmental Change 57 25 1476 

World Development 56 18 289 

Ecology and Society 40 38 2101 

International Journal of Disaster Risk 32 25 299 

Land Use Policy 28 21 254 

Regional Environmental Change 26 21 378 

Geoforum 24 6 282 

Environmental Science and Policy 22 9 309 

Sustainability 21 31 141 

Food Security 18 8 89 

 

These results from the bibliometric analysis help to highlight the multidisciplinary 

nature of research on rural household resilience. This article then proceeds by providing 

a brief overview of the literature to shed light on some of the major insights and theories 

that are informing and being produced by research studies. For this paper, academic work 

on the subject matter is broadly grouped into two research strands: the Human Systems 

Research Strand and the Social-Ecological Systems Research Strand, and, where 

applicable, corresponding sub-themes under a strand are referred to as Clusters.  
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Figure 2.1: Citation networks by publication source. The circle size is weighted by 
number of articles (Note: Only journals with at least five citations were utilized for the 
citation network analysis.). 

 

Figure 2.2. Author keyword co-occurrence. The circle size is weighted by the number of 
occurrences. (Note: Only keywords with at least eight occurrences were utilized.). 
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It should, however, be noted that the groupings delineated in this overview are 

not necessarily mutually exclusive, as it is common for studies to incorporate elements of 

the various research classes—albeit to different degrees. The goal of such a classification 

is simply to illuminate different aspects researchers take into consideration when 

investigating rural household resilience, and to provide a framework that highlights 

elements of the different approaches. These groupings then provide a springboard for 

which the typology emerges. The article proceeds by briefly describing these broad 

approaches: 

 

2.3.1. Human Systems Research Strand 

2.3.1.1. Cluster 1 

In general, this research cluster considers resilience as a set of conditions or 

attributes that enable households to achieve resilience and attempts to quantitatively 

measure the concept for research purposes, as well as for the monitoring and evaluation 

of development projects (Smith and Frankenberger 2018). Resilience is often linked to 

outcomes such as food and nutrition security, asset accumulation, health status, and other 

observable measures of household wellbeing. 

A major line of scholarship within this research cluster adopts the concept of 

development resilience, defined as “the capacity over time of a person, household or other 

aggregate unit to avoid poverty in the face of various stressors and in the wake of myriad 

shocks” (Barrett and Constas 2014, 14626). Resilient units are those that maintain this 

high capacity over time. In many instances, an asset-based approach is often favored over 
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income- or expenditure-based poverty measures in this cluster (Carter and Barrett 2006). 

Assets are broadly considered to be “state/stock variables used to generate income” 

(Barrett, Garg, and McBride 2016, 305), and they include “productive and financial wealth, 

as well as social, geographic and market access positions that confer economic advantage” 

(Carter and Barrett 2006, 179).  

The theoretical underpinning for this research theme is that of stochastic welfare 

dynamics or poverty traps/dynamics, with insights from the literatures on risk and 

vulnerability (Cissé and Barrett 2018). It is argued that in light of initial ability and asset 

levels, poverty can become self-reinforcing due to structural and behavioral mechanisms 

such as market failures, social exclusion, underinvestment in higher-return 

assets/inefficient investments, etc., and these cause low living standards to persist 

(Barrett and Carter 2013).  

Wellbeing outcomes—which are subject to random shocks but determined by 

choices that are constrained by nature, human institutions, and resource availability— fall 

within certain ranges (or stable states) that are not expected to change over time without 

interventions (Barrett and Constas 2014). Since the concept of development is normative 

by nature, it is argued that resilience in this context implies preventing a movement to 

lower undesirable states for those that are currently nonpoor, as well as enabling a 

transition to better wellbeing regimes for the current poor (Barrett and Constas 2014). In 

this subdomain, resilience has also been interpreted as the (non)persistence of shocks, 

i.e., how long a household experiences the effects of a shock (Knippenberg, Jensen, and 

Constas 2019). 
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Some other bodies of work are also prominent in this subfield, such as that of the 

Resilience Analysis and Policies team at the Food and Agricultural Organization (FAO) 

through the introduction of the Resilience Index Measurement and Analysis (RIMA) tool 

(and subsequently, RIMA-II). Consistent with its organizational mandate, the FAO RIMA 

approach directs its focus to the food systems, and specifically to the food security status 

of the household (FAO 2016). This interest on household food security has been the focus 

of several studies (Otchere and Handa 2022; Brück, d’Errico, and Pietrelli 2019; d’Errico, 

Grazioli, and Pietrelli 2018). However, other scholars have adopted the approach and used 

it in other non-food security contexts (Haile, Seyoum, and Azmeraw 2021). 

The RIMA-II and other similar frameworks (Smith and Frankenberger 2018) 

attempt to capture the possible pathways through which households may be able to 

moderate the impact of a shock on their wellbeing. Pillars of resilience are constructed 

using time-variant and time-invariant characteristics and activities. In general, the pillars 

of resilience are taken to be absorptive, adaptive, and transformative capacities (Béné et 

al. 2012), and indicators that reflect these capacities are then chosen. However, RIMA-II 

uses a practical classification based on its food security outcome of interest, thus resulting 

to unique resilience pillars such as access to basic services, assets, social safety nets, 

sensitivity, and adaptive capacity (FAO 2016). 

2.3.1.2. Cluster 2  

Within the human systems research strand, a theme around the subjective 

dimension of resilience has emerged over time. Scholars in this field argue that there is 

often an assumption of a consensus on “desired states” (Tanner et al. 2015)—which are 
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usually defined by the prevailing power dynamics—or that a desired state even exists, and 

such thinking is sometimes viewed as “akin to ‘imposed rationality’ that is alien to the 

practice of ordinary people” (Brown 2014, 109). 

Accordingly, calls have been made to complement standard objective indices with 

subjective measures in resilience studies, as it is believed that people can self-evaluate 

their capacities, capabilities, and limits (Jones and Tanner 2017). Likewise, the existing 

variation in resilience conceptualizations and the value-laden nature of some of its 

constituent objective indicators have been argued to give further grounds to the potential 

of subjective approaches (Jones and Tanner 2017). Furthermore, it is stated that 

subjective measures may prove to be better at capturing less-tangible features of 

resilience such as entitlement and power (Jones and d’Errico 2019), or even courage, 

optimism, and faith (Shah, Angeles, and Harris 2017).  

For instance, a subjective approach to resilience highlights people’s differences in 

perceiving risks, which could shape their resulting anticipatory actions (Tanner et al. 

2015). Risk attitudes—which comprises of the “perceptions about the probability and 

severity of risk associated with change as well as the costs and benefits associated with 

adapting” (Cinner and Barnes 2019, 54)—are considered to be subjective and socially 

constructed, and impose a limit to adaptation actions of decision-makers (Adger et al. 

2009). Similarly, perceptions of the riskiness of possible responses following the event of 

a shock are also believed to shape resulting behavior (Béné et al. 2019).  

Additionally, people’s perception of their ability to handle hazards has been shown 

to influence their adaptation responses to adverse events (Béné et al. 2016). For example, 
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it was found that the decisions of some households in Bangladesh to remain or leave their 

community in the face of environmental disasters was partly due to their self-confidence 

and belief in their ability to bounce back (Béné, Frankenberger, and Nelson 2015). It is 

posited that some other factors such as strong occupational identity or place attachment 

can as well limit people’s ability to re-imagine themselves in other roles (Cinner and 

Barnes 2019). This could prevent them from exploring alternative livelihood strategies, 

thereby undermining their overall resilience.  

In essence, this research cluster has emanated to help capture aspects of resilience 

that objective indicators may miss or inadequately account for. Studies in this cluster often 

highlight the role of cultural and societal norms and values in shaping the response of 

individuals and groups, and ultimately, their resilience. 

 

2.3.2. Social-Ecological Systems Research Strand 

Studies in this research strand are characterized by their presentation of the 

intricately interconnected nature of human and natural systems. Social-ecological systems 

(SES) are complex and comprise multiple subsystems and internal variables that interact 

to produce outcomes that feed right back into these (and other) subsystems and their 

components (Ostrom 2009). In addition, these systems are adaptive, i.e., they tend to 

evolve in their “genetics, behaviors, or spatial distributions” based on the outcomes of the 

interactions that occur within them (Folke 2006).  

It has been pointed out that adaptive systems are process-dependent and organic, 

often with multiple stable states (or regimes); while regime shifts—changes to alternative 
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states with different structures and functions—are the consequences of the erosion of 

resilience being often caused by human actions (Folke 2006; Scheffer et al. 2001). Studies 

adopting the SES approach attempt to illuminate the manner in which human activities 

alter and are affected by the structure and function of ecosystems (Cinner and Barnes 

2019). Some of these feedbacks and non-linear dynamics can result in the deepening of 

undesirable states, thereby leading to a social-ecological trap i.e., a situation whereby 

poverty and environmental degradation are perpetuated by reinforcing social-ecological 

dynamics (Enfors 2013; Cinner 2011). 

Furthermore, an SES approach often helps in pinpointing the identity of the system 

in question and measuring thresholds of its elements. The elements of such an identity 

include: Components—the human and non-human actors; relationships—the interaction 

among the components; innovation—the elements of the system that lead to change; and 

continuity—the elements that embody memory and help maintain the system (Robinson 

and Berkes 2010; Cumming et al. 2005). These identity elements do not necessarily 

represent all the variables influencing the system but taking them out of the system would 

lead it to a qualitatively different state (Robinson and Berkes 2010).  

It has been noted that the delineation between social and ecological systems is 

often arbitrary and artificial, since humans exist in nature (Berkes, Folke, and Colding 

2000). Therefore, a lens that is solely focused on the adaptive abilities of the social system 

may not be sufficient to guarantee desired sustainability outcomes. It has also been 

observed that the actions of decisionmakers taken in response to change and uncertainty 

could well undermine the ability of the ecosystem to sustain such adaptation strategies 
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(Folke 2006). Thus, studies in the SES research strand emphasize the linkages across 

subsystems, making them better positioned to reveal the long-term implications of shocks 

and resulting responses on household resilience. 

The SES perspective helps to capture how changes in environmental variables 

relate to changes in the human system dynamics. The focal point here is often about 

sustaining the productivity and functioning of natural resource systems, as well as 

household wellbeing and social institutions. Such inquiries could range from examining 

the complex interactions between the economic decision-making of farming households 

and soil fertility in the face of environmental shocks (Stephens et al. 2012), to assessing 

the potential for the livelihood transformation of households and the prevention of social 

breakdown in the presence of climate change (Hellin et al. 2018). 

The SES research strand has also played a vital role in expanding our understanding 

of transformation in the resilience discourse. The intensity of shocks and stressors could 

be strong enough to warrant an alteration in the qualitative state of the system through 

the introduction and/or loss of state variables. Research in this field illuminates the 

changes in the structure and function of a system that can occur, and the factors that can 

prevent or facilitate such changes—e.g., when transformation is desired and deliberately 

pursued (O’Brien 2012). Such insights can be beneficial within the rural household context 

in that the conditions that create for longer lasting resilience can be identified. For 

instance, a household may need to explore an entirely new livelihood direction (as 

opposed to say, trying new farming practices) and understanding the requisite behavioral 
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shifts, technological innovations and institutional reforms to achieve this will be 

paramount (Béné et al. 2012; O’Brien 2012). 

In a nutshell, we have employed the broad groupings of the Human Systems and 

the SES Research Strands to collate different aspects of scholarship on rural household 

resilience. The overview of the literature that has been discussed so far provides the 

setting for the rest of this paper. Following the bibliometric analysis and thematic 

clustering, we develop a systematic mapping of knowledge on the subject matter. In the 

section that follows, we propose a typology that is informed by various elements found in 

the research strands presented above. 

 

2.4. A Typology of Studies on Rural Household Resilience 

Since the landscape of research on the resilience of rural households has agreeably 

been referred to as being in an “early, somewhat noisy and disjointed stage” (Barrett et 

al. 2021, 19), it therefore becomes instructive to construct a typology for this subfield of 

resilience. Typologies help to organize knowledge in a subject area by systematically 

classifying related concepts and help to guide further research (Allmendinger 2002). This 

evolving knowledge domain of rural household resilience, with significant contributions 

from a wide range of disciplines, is ripe for an attempt at integrating some of the diverse 

approaches presently found in the literature. 

Below, a typology is proposed (Figure 2.3), which will hopefully facilitate stronger 

multidisciplinary efforts geared towards a more robust understanding of the resilience of 

rural households. This mapping is not a mere extension of the classification discussed in 
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the previous section. Rather, it is the outcome of dissecting the research strands and 

clusters into integral parts and grouping them under related strata—such as is done for a 

taxonomical classification. The typology is also informed by some of the practical 

considerations that go into conducting a study on rural household resilience. The intent 

of such a system of categorization is to assist researchers in recognizing the options 

available at different stages of the research endeavor, as well as to enable them to clearly 

disclose the choices they are making—choices which are hopefully based on the best fit 

or purpose of the study. 

 

Figure 2.3. A typology of studies on rural household resilience. 
 

As advised in the literature, the place to start when attempting to investigate the 

resilience of rural households is to address the question: “Resilience of what, to what, and 

for whom?” (Lebel et al. 2006). As the focus of this treatise is rural households, the 

researcher may need to be explicit about the shocks and/or stressors that threaten the 

outcome of interest—and these hazards may be covariate (widely experienced) and/or 

idiosyncratic (individualized) in nature (Constas et al. 2014; Constas, Frankenberger, and 
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Hoddinott 2014). Similarly, there is need to recognize the economic, political, 

sociocultural, and ecological contexts within which the households are situated, and to 

consider how these enable or limit their resilience. It is also imperative to be clear and 

consistent about how resilience is being conceptualized and subsequently 

operationalized. The sub-sections that follow revolve around these issues. 

 

2.4.1. Resilience Conceptualization 

A few dominant approaches to conceptualizing resilience are currently found in 

the literature. They are broadly classified by Barrett et al. (2021) as: resilience as capacity; 

resilience as a normative condition; and resilience as a return to equilibrium. 

The resilience as capacity (or combination of capacities) approach considers 

resilience to be a multidimensional set of features that enable a household to limit the 

adverse wellbeing effects of shocks and stressors. As pointed out earlier, the constituent 

pillars of resilience in this approach are usually taken to be absorptive, adaptive, and 

transformative capacities—or any other combination of similar capacities (e.g., in the FAO 

RIMA framework). This approach endeavors to incorporate a wide range of indicators from 

social and ecological systems that limit households’ vulnerabilities or enhance rapid 

recovery. Here, resilience is seen as an ability to withstand, recover from, or alter the 

structure and function of a system in the presence of shocks in a way that promotes 

longer-term resilience. 

On the other hand, the other two categories in the Barrett et al. grouping take 

resilience to be a condition, or a qualitative state, that is either normatively determined 
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or defined in reference to a pre-existing state. The approach that treats resilience as a 

normative condition anchors the concept to wellbeing standards that have been 

normatively defined. That is, thresholds for a standard of living indicator (e.g., minimum 

levels of food consumption or asset stock) are used as a reference point in assessing 

whether households are resilient or not. 

Conversely, the resilience as a return to equilibrium approach focuses on a 

household’s recovery from a shock to its ex-ante state. That is, it considers the success of 

households in bouncing back to their pre-shock status. In principle, these two 

classifications could be viewed as variants of a resilience as a condition (or resilience as an 

outcome) approach. The main difference between the two sub-approaches is a 

consideration of whether the initial state of the household was desirable in the first place. 

From the ongoing discussion, it appears as though fundamentally, the approaches 

to seeing resilience as either a capacity or a condition are directly linked, in that the 

condition of resilience is simply a reflection of an underlying capacity (or capacities). It can 

be argued that the magnitude of loss in the event of a shock and the speed and extent of 

recovery are in essence connected to the capacities of the household. As Christopher Béné 

(2020, 811) puts it: “resilience capacities are input to the resilience process, while 

resilience per se is the (intermediary) outcome, contributing to the longer-term final 

outcome (which itself is measured in terms of wellbeing).”  

In this vein, the degree to which the distinctions in resilience conceptualization 

matter may be limited to how they inform the resulting operationalization of resilience in 

studies. Therefore, a researcher’s interest in either assessing the multiple capacities that 
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enable rural households to be resilient, or in assessing the likelihood of those households 

(re-)achieving some established standard of living will ultimately determine the analytical 

approach to be adopted. 

 

2.4.2. Resilience Operationalization 

In addition, the researcher will need to make decisions as to what extent the views 

or perceptions of the population being assessed ought to be reflected in the studies. That 

is, judgements are needed about whether, and to what degree, resilience ought to be 

defined and/or evaluated by experts and external agents (objective approach), or by the 

subjects themselves (subjective approach). In addressing this issue, Jones (Jones 2019, 4) 

proposed that the objective and subjective measurement approaches lie on a continuum 

and stated that “when it comes to resilience measurement, it is crucial to recognize that 

subjectivity and objectivity are neither binary nor mutually exclusive” (p. 4). 

This view suggests that the two methods may be seen as being complementary to 

one another and evaluators may best be served if consideration is given to the two 

approaches. That is, it will be wise for researchers embarking on an investigative journey 

on the resilience of rural households to be armed with a toolkit of both objective and 

subjective measurements. However, final decisions should ultimately be informed by the 

suitability of the preferred approach to help them arrive at the goal of their inquiry. 

Nevertheless, such a conclusion may only be arrived at after adequately considering the 

pros and cons of each approach. 
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Some of the factors to consider in making this decision include the bounded 

rationality of a single set of stakeholders; the practicability of minimizing the various 

cognitive and response biases such as priming and extreme response bias (as in for 

subjective approaches); the desire for comparisons across households or studies (e.g., the 

impact of interpersonal or cross-cultural differences in standardized questions); the time 

and resource constraint of the study (e.g., the amount and types of data required for 

objective approaches); the ability to identify indicators that accurately reflect the 

vulnerability contexts and capabilities of households; etc. 

When employing subjective approaches, it is important to remember that people’s 

interpretations of what resilience is to them or how they assess resilience may be 

dependent on several factors including cultural and personal elements. However, there 

are tools and techniques that can be utilized to reduce the worries associated with how 

people subjectively assess themselves and their experiences (OECD 2013). For instance, 

anchoring vignettes have been shown to be helpful in measuring complicated concepts 

and in correcting for differing interpretations of identical questions (King et al. 2004). In 

illustrating how this tool can be applied to a resilience context, Jones (Jones 2019) 

discusses how evaluators may begin by describing a hypothetical person’s experience with 

a shock and then asking the respondents to rate the made-up scenario before rating their 

own situation using the same response scale. This strategy provides a basis for 

benchmarking individual responses, as well as helps in controlling for cross-cultural 

differences. 
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Furthermore, the choice of indicators and analytical method (if applicable to the 

study) should also be carefully determined since measurement decisions have sometimes 

been shown to influence the conclusions on wellbeing outcomes. For instance, working 

with the same longitudinal survey data, Vaitla et al. (2020) discovered that conclusions 

about food security status were sensitive to the cut-off points used by the researchers. 

That is, the threshold that the researchers used to specify whether a household was food 

secure or not influenced the conclusions from the analysis. In addition, the study showed 

that drivers of resilience differed depending on the choice of food security measure (i.e., 

the suggested causes of food insecurity when researchers used the Food Consumption 

Score measure were different from when the reduced Coping Strategy Index was utilized). 

The authors concluded that the two measures employed in the study capture 

“overlapping but not identical aspects of food security” (Vaitla et al. 2020, 147). 

In a different study, Upton, Constenla and Barrett (2022) compared the 

performance of three of the dominant resilience analytical methods using the same data. 

They found that each method marked different households as resilient or least resilient, 

and differences were also observed in the predictive abilities of households’ wellbeing 

states over time. The authors concluded by stating, “it remains unclear what these 

[methods] really measure nor what descriptive, inferential, or predictive benefits they yield 

[beyond more established wellbeing measures] …The approaches presently in play are all, 

at best, imperfect, and at worst deeply flawed” (Upton, Constenla-Villoslada, and Barrett 

2022, 13, 14). 
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Sadly, as attested to in the foregoing discussions, the observed sensitivities to the 

indicators and methodologies employed in resilience analyses reduces the confidence we 

have in the findings from studies on rural household resilience. However, heeding certain 

guidelines can help bring researchers closer to carrying out investigations that produce 

more reliable conclusions. One of such pertinent recommendations include utilizing 

higher frequency data for empirical studies—in contrast to the overwhelming use of cross-

sectional data presently found in the literature (e.g., Barrett et al. (Barrett et al. 2021) find 

that only 16% of the quantitative studies in their review used panel data).  

In addition, researchers should employ approaches that are best suited for the 

question at hand. For instance, a composite index-based analytical approach may not be 

the most ideal empirical method if the goal of the study is to identify what variable—e.g., 

a particular household asset or community infrastructure—will be most impactful in 

building resilience (Upton, Constenla-Villoslada, and Barrett 2022). Finally, it is crucial for 

researchers to be aware of and transparent about the assumptions and limitations of their 

chosen analytical approaches. 

 

2.4.3. Systems Perspective 

Another point of importance when carrying out a study on rural household 

resilience is the consideration of the relevant subsystems required to satisfactorily 

describe or assess resilience. In addition to the characteristics and assets of households, 

some studies appropriately consider the various social, economic, and institutional 

structures and processes that enhance resilience. However, the wellbeing of rural 
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households and the long-term viability of their livelihoods cannot be addressed without 

an appreciation of the intertwined social-ecological systems within which these 

households exist—especially if their livelihoods are directly supported by these systems. 

To what extent the investigator explicitly factors this interconnectedness into the inquiry 

will depend on the objective of the study.  

Even if the goal of the study is not specifically to describe or analyze the 

relationships between these interlinked systems, it will be valuable for researchers to 

account for them in some way. For instance, a study that seeks to identify which 

households are more resilient to certain shocks, or one that aims to describe the impact 

of a hazardous event on specific wellbeing outcomes, may not need to detail the feedback 

loop between human and natural systems. Even if the shocks being considered are not 

weather-related (e.g., sociopolitical shocks like conflict), it may still be helpful to point out 

how ecosystem properties influence households’ wellbeing, especially if their productive 

operations are somewhat dependent on natural capital. 

On the other hand, if the study at hand is interested in the long-term sustainability 

of nature-based livelihood activities in which households in a given region participate, 

then it will be crucial to acknowledge the linkages between various human and natural 

subsystems and recognize that there will be feedbacks across multiple scales and time 

periods. Because of the sheer number of relevant variables in both the biosphere and 

social system and all the interplays among them, and because these systems are adaptive 

in nature—so much so that one cannot fully predict how they will behave in future—it 

may be practically impossible to outline all the interactions that take place within these 
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systems. Nevertheless, it will still be valuable to identify some of the most important 

system attributes in an investigative effort on rural household resilience.  

Quinlan et al. (2016) suggest the possibility of simplifying our understanding of 

social-ecological systems resilience, while simultaneously retaining the richness of a 

systems perspective. As an example, using a meta-framing of resilience principles, they 

propose that consideration could be given to the system structure and/or the system 

dynamics. The structure of the system deals with the organization or the presence of links 

between components of the system, while system dynamics has to do with the complex 

interactions of (fast) variables within the system (Quinlan et al. 2016; Biggs et al. 2012). 

Identification of such important system elements and connectivity does not only 

contribute to the richness of resilience thinking from a household perspective but will 

ultimately help to guide their decision-making processes. 

In another instance, Ruiz-Ballesteros and Ramos-Ballesteros (2019) link the practices of 

households in the Agua Blanca community of Ecuador with the evolution and current state 

of their socioecological system. The authors consider how factors such as demographic 

behavior, household economy, household participation in the community, local 

knowledge, place attachment, and future outlook influence the dynamics and resilience 

of the SES. These examples illustrate how the need to streamline systems perspective into 

a research study could possibly be achieved. 

 

2.4.4. Other Considerations 
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Considering multiple time periods in resilience enquiries is essential in resilience 

analyses since resilience is a time- and event-dependent concept. Some authors have even 

hinted at the need for high frequency data for resilience analyses, such as statistics that 

are collected monthly (Knippenberg, Jensen, and Constas 2019). However, collecting 

quality and extensive time-series data can be very expensive on a practical basis. 

Notwithstanding, by the very nature of resilience as a concept, at least two points in time 

(i.e., ex ante and ex post) should guide the investigation. It is almost impossible to think 

of resilience without reference to different time periods, even if it is just a recollection of 

a household’s asset level before and after a shock, or a projection of its wellbeing state 

into the future. 

On a different note, when thinking of capitals, researchers should avoid the trap 

of limiting the indicators they choose to just the tangible assets available to households. 

It is important to incorporate the notion of access to various resources, as well as to see 

capitals as the basis of agents’ power to act, adapt and transform their situation 

(Bebbington 1999). As Bebbington notes, “People’s assets are not merely means through 

which they make a living: they also give meaning to the person’s world… This meaning will 

then be one of several influences in subsequent decisions people make about their 

livelihood strategies” (Bebbington 1999, 2022). Such meanings, as well as people’s values 

and ideologies (or cultural capital in general) have been shown to shape governance 

mechanisms or institutions (Tanner et al. 2015; von Heland and Folke 2014), which in turn 

constrain or enhance resilience efforts (Folke 2016; Walker et al. 2009). 
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Similarly, thought should be given to the various risk- and loss-management 

strategies employed by rural households (i.e., strategies employed to reduce ex-ante 

possibility of a loss or to mitigate ex-post consequences). Because of the missing and 

imperfect markets in many rural areas, households often tend to have a diversified 

portfolio of livelihood activities, as well as engage in consumption/asset smoothing 

(Valdivia 2004; Morduch 1995). The specific alternative mechanisms that households 

adopt are often shaped by the economic, political, and sociocultural environment in which 

they find themselves, which ought to be given sufficient attention by researchers as well. 

The level of importance of these contextual variables has made some authors advise that 

even if the focus is the household wellbeing, development interventions should not be 

targeted at the household level alone, but should be directed at institutions, 

infrastructure, and higher system levels as well (Béné, Frankenberger, and Nelson 2015). 

 

2.5. Conclusions 

Scholars from multiple disciplines have been actively engaged in increasing our 

understanding of resilience as it relates to rural households, whether it is by examining 

the effects of stressors and shocks on household wellbeing, or assessing the ways 

households respond to these threats, or evaluating the outcomes of these responses. 

Such diverse contributions, although beneficial and necessary, could sometimes lead to 

some confusion in the research arena. Additionally, academic work on the issue is usually 

confined to disciplinary boundaries, resulting in variations in how resilience is framed and 

analyzed, which has in turn often led to contrasting results in resilience analyses. Such 
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discrepancies have warranted a more integrative approach in studying rural household 

resilience. 

This article synthesizes some of the major elements embedded in various research 

strands in the literature and offers a systematic way for studies to approach the subject 

matter. This treatise aims to encourage scholars to employ a multidisciplinary lens in their 

research endeavors, a move that will hopefully result in a more robust understanding of 

resilience within the rural household context. The typology presented in this paper allows 

for different theories to inform studies on rural household resilience. This is especially 

useful because it has been argued that it may not be desirable to have a unified theory of 

resilience in the field of development since it is doubtful that such conformity will meet 

the practical demands of various stakeholders (Barrett et al. 2021).  

As a result, scholars investigating the resilience of rural households can adopt the 

characterization of resilience that is most useful to the goals of their enquiry, whether 

their focal interest is the state of resilience or the capacities that make this possible. It 

does not currently appear that there is a one-size-fits-all approach to resilience 

conceptualization and measurement. Nevertheless, the selected resilience measures for 

a study should be consistent with the preferred conceptualization. Furthermore, as 

sometimes pointed out in the literature but not always heeded, resilience within the 

context of rural household is not an end goal by itself. Specific wellbeing indicators ought 

to be the final outcomes of interest—such as the food security, health, or livelihoods of 

households—and these should be clearly indicated in studies. 
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Researchers should also endeavor to integrate elements of objective and 

subjective approaches in their characterization and/or evaluation of resilience in a manner 

that advances the objective of the study. This fusion of approaches is needed so that 

studies can maintain scientific objectivity, while adequately reflecting the experiences of 

rural households (since resilience ultimately centers around households’ qualitative 

states). In addition, the types of data and the analytical methods that are best suited for 

the research questions at hand should be the guiding factor for researchers, as opposed 

to convenience, funding source, existing structure of collaborative networks, or 

methodological allegiance. 

Finally, the need for systematically synthesizing findings from studies on rural 

household resilience is becoming ripe. Scholars who seek to embark on this worthy task 

can find a framework such as the one presented in this paper to be a helpful tool. 

Researchers may choose to use certain elements of the typology in this paper as the basis 

for collating previous studies. Furthermore, this framework can also inform the generation 

of a stream of comparable future studies in this subfield—studies that integrate insights 

and approaches from multiple disciplines—thus fast-tracking our cumulative scientific 

understanding of rural household resilience. 
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CHAPTER 3. ASSESSING THE RESILIENCE OF RURAL HOUSEHOLDS TO ENVIRONMENTAL 

SHOCKS: INTEGRATING OBJECTIVE AND SUBJECTIVE APPROACHES  

 

3.1. Introduction 

3.1.1. Resilience in today’s world 

The world is currently grappling with several development and existential threats 

such as poverty, inequality, climate change, environmental degradation, conflict, and 

injustice (United Nations3). Due to the acute and persistent nature of these global 

challenges, the United Nations issued an urgent call to action for all countries, and in 2015 

adopted the Sustainable Development Goals as a “shared blueprint for peace and 

prosperity for people and the planet, now and into the future.”4 By rightly encompassing 

the three pillars of sustainability—i.e., the economic, social and environmental 

dimensions—these broad goals, with their specific targets and indicators, paint a picture 

of the sustainable future we desire. Still, in contexts of uncertainty and change—which 

characterizes the world we now live in—resilience becomes one of the critical factors for 

sustainability (Lebel et al. 2006). 

Resilience is a cross-cutting theme that has received a lot of attention from policy 

makers and researchers, as well as international development and humanitarian 

organizations alike. However, one must note that in resilience discourse, the focal point 

could be directed to different units of analysis including economic systems (Briguglio et 

al., 2009), ecosystems (Mäler, 2008), urban communities (Zeng et al. 2022), rural 

 
3 https://www.un.org/sustainabledevelopment/sustainable-development-goals/ 
4 https://sdgs.un.org/goals 
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communities (Kim et al. 2020), etc. Thus, it becomes imperative when conducting any 

investigation on resilience to ask the question: Resilience of what, to what, and of whom? 

(Lebel et al., 2006). This study examines the resilience of rural households to various 

environmental shocks. 

 

3.1.2. Resilience Measurements and Perceptions 

There has been considerable evolution in resilience thinking within the social 

sciences over time. For instance, in addition to the ability of a system to absorb change 

while maintaining its core structure, successive Intergovernmental Panel on Climate 

Change Assessment Reports have expanded the definition of resilience to include the 

capacity to adapt and the capacity to transform (Jones, 2019). At this point, there is 

considerable agreement among scholars that resilience is a combination of multiple 

capacities (Béné et al., 2015). 

Resilience capacity can be described as “a set of conditions, attributes and skills 

that enable households to achieve resilience in the face of shocks” (Smith and 

Frankenberger, 2018). Furthermore, it is posited that resilience by itself is not a final goal; 

rather it is a means to an end (Béné et al., 2015). That is, resilience is an intermediate 

outcome leading to the achievement of targeted goals such as improved measures of 

wellbeing. Resilience is a dynamic concept and resilience measurements should therefore 

be able to capture the various pathways to wellbeing in the presence of shocks (d’Errico 

and Giuseppe, 2018). However, the definitional and conceptual variation across fields and 

organizations poses a challenge in measuring the concept (Schipper and Langston, 2015). 
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In general, there has been a tendency to rely on “objectivity” in resilience analyses i.e., 

measurement metrics are often externally determined through expert solicitation or 

based on academic literature (Jones 2019). However, despite the operational benefits of 

this approach, several limitations have been pointed out, such as the dual challenge of 

identifying all the relevant indicators and weighting them appropriately (Jones and Tanner, 

2017).  

Consequently, calls have been made for subjective approaches to be utilized in 

resilience studies (Maxwell et al., 2015; Jones and Tanner, 2017; Jones et al. 2018), since 

it is argued that people are cognizant of their capacities and limits (Jones and Tanner, 

2017). It is also asserted that subjective factors of resilience provide insights into the 

reasons, the timing, and the nature of people’s behavioral responses to shocks or stressors 

(Béné et al. 2019). A subjective approach to resilience measurement (or “subjective 

resilience”) entails the cognitive and affective self-assessments of the capabilities and 

capacities of actors and their social systems (Jones and Tanner, 2017). Complementing 

psychosocial factors with the more tangible dimensions of resilience in research efforts is 

expected to provide further insights into the drivers and components of resilience (Béné 

et al. 2019). Accordingly, there has been a rise in studies that employ more subjective 

tools in the measurement of resilience (e.g., Nguyen and James, 2013; Jones and d’Errico, 

2019). 

Although subjective approaches allow individuals to factor less tangible and non-

material elements of resilience such as courage, optimism, and faith into their internal 

judgements (Shah et al., 2017), subjective measures are not free of shortcomings either. 
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For example, subjective measures may be influenced by several cognitive biases e.g., recall 

bias or acquiescence bias5. There are therefore gains to be made by combining objective 

and subjective approaches. Jones (2019) however proposes that objectivity and 

subjectivity in resilience analyses are neither binary nor mutually exclusive, but existing 

measurement efforts can rather be thought of as lying on a spectrum6.   

In light of the above discussions, the research questions for this paper are: “What 

are the various pathways that contribute to the resilience of rural households in the 

Altiplano region of Bolivia in the presence of changing environmental conditions? What is 

the relationship between these resilience pillars and household wellbeing?” Specifically, 

this paper seeks to assess factors that contribute to the resilience capacity of rural 

households to environmental shocks, taking into consideration both objectively and 

subjectively defined/evaluated criteria. The study utilizes qualitative measures not 

common in quantitative resilience analyses.  

 

3.2. Conceptual Approach 

The analysis conducted in this study is informed by a few conceptual models that 

attempt to link perceptions and actions. It has been noted that during the design of 

interventions aimed at eliciting household action, the households’ perspectives on their 

 
5 Recall bias is a situation where respondents do not accurately remember an experience/event that 
happened in the past or omit details when reporting them; while acquiescence bias (or agreement bias) is 
when respondents disproportionately agree to statements without it being a true reflection of their 
views. 
6 Jones (2019) develops an objectivity-subjectivity continuum and presents quadrants of this continuum: 
objectively defined and objectively evaluated; objectively defined and subjectively evaluated; subjectively 
defined and objectively evaluated; and subjectively defined and subjectively evaluated. 
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response capacity are often ignored—despite the recognized influence of normative 

values and perceptions on the responses of households (Elrick-Barr et al. 2017). For 

instance, irrespective of an awareness of potential risk, people have to feel like their 

material or immaterial values (e.g., food security, health, or livelihood) are at stake for 

them to act (Kroemker and Mosler, 2002). 

Moreover, in the field of adaptation, it has been observed that physical, 

institutional, and economic factors may often not be as constraining as when households 

systematically misestimate their own adaptive ability (Grothman and Patt, 2005). For 

example, it has been shown that overestimating capability (“illusions of control”) 

negatively affects the investments households make in adaptive actions (Elrick-barr et al. 

2017); while underestimating one’s capability can undermine adaptation since motivation 

alone is an insufficient determinant of action (Kroemker and Mosler, 2002). 

In light of the importance of social narratives of capability, Grothmann and Patt 

(2005) develop a socio-cognitive Model of Private Proactive Adaptation to Climate Change 

(MPPACC) (Figure 1) based on the Protection Motivation Theory (Rogers, 1983) to explain 

why some people show more adaptive behavior than others. MPPACC highlights two key 

perceptual processes: risk appraisal and adaptation appraisal—which are also referred to 

as threat appraisal and coping appraisal (Grothmann and Reusswig 2006). Risk appraisal 

involves assessing the probability and damage potential of threats under the assumption 

of no change to current behavior; whereas coping appraisal comprises of an evaluation of 

one’s ability to avert being harmed by the threat, along with the costs of such action.  
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The model discusses the elements of these perceptions, as well as describes the 

two potential outcomes of these appraisal processes—protective responses (e.g., those 

that prevent damage) and non-protective responses or avoidant maladaptation (e.g., 

denial or wishful thinking). According to Grothmann and Reuswigg (2006, p. 105), “coping 

appraisal takes place in time after the threat appraisal process, and only starts if a specific 

threshold of threat appraisal is passed,” and it is coping appraisal that determines whether 

an accompanying response is protective or non-protective—as threat appraisal may only 

provide the motivational energy for the response. 

 

Figure 3.1. Process Model of Private Proactive Adaptation to Climate Change (culled from 
Grothmann and Patt 2005). 
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With respect to resilience more specifically, Béné et al. (2019) offer a conceptual 

framework that attempts to highlight the role of psycho-social factors and subjective 

mechanisms in building resilience (Figure 2). They argue that resilience comprises of 

tangible and less-tangible components. The “tangible/directly measurable” component of 

resilience include elements such as income, assets, knowledge, livelihood strategies, and 

access to services which have been largely inferred in the literature as responsible for the 

resilience outcomes of households.  

 

Figure 3.2. Conceptual framework representing the tangible and less-tangible 
components of resilience (Culled from Béné et al. 2019).  

 

On the other hand, the subjective component of resilience, which is crucial in 

household decision-making, is made up of psychosocial elements such as risk aversion, 

self-efficacy, self-esteem, cultural identity, and motivation—but also incorporates 

elements of the tangible component of resilience, since we would expect the 
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socioeconomic realities of households to influence their perceived capabilities and 

capacities. Furthermore, the authors note that the tangible elements operate at the 

individual, household, or community levels, while intangible elements operate primarily 

at the individual level (although aggregated perceptions at higher scales may also shape 

decisions). 

The inclusion of measures such as perception of control in resilience analysis helps 

address some of the issues highlighted in early resilience studies, such as their failure to 

consider issues of agency and power (e.g., Davidson 2010). Indeed, households’ appraisal 

of their capacity helps unveil the agency of the relevant actors. Notwithstanding, it is 

worth pointing out that households’ evaluation of their ability to respond to current or 

future risks may (should) be viewed as an important component of subjective resilience—

not a direct proxy for resilience—as there are other elements of subjective resilience 

including an evaluation of what resilience is to the respondents, as well as self-

assessments of what factors may contribute to their resilience. 

 

3.3. Data and Methodology  

3.3.1. Data  

The data used for this analysis comes from a survey of randomly chosen 

households in Umala and Ancoraimes municipalities of the Bolivian Altiplano through the 

Sustainable Agriculture and Natural Resource Management Collaborative Research 

Support Program Project. The regions were selected to provide a variety of institutional, 
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geographic, and economic activities. Each household responded to over 100 questions 

relating to various aspects of their lives. The survey aimed at identifying the livelihood 

strategies, capitals, and practices of the people of that region; as well as collecting 

residents’ views of the risks posed by various hazards and their perceptions of control to 

them. This study makes use of 220 households in seven of those communities with varying 

landscapes and livelihood strategies. 

 

3.3.2. Study Context 

The Altiplano region is found in west-central South America and occupies parts of 

Chile, Bolivia, Peru, and Argentina. The Altiplano region has a diversity of landscapes 

supporting rural livelihoods, from grasslands sustaining pastoralists raising alpacas and 

llamas, to agropastoral systems incorporating multiple crops and animals (Valdivia et al. 

2019). The relative importance of crops and livestock differs across communities (Giles 

and Valdivia, 2009).  

The climate is cool and semi-arid to arid, and the region is characterized by a wide 

range of daily temperature cycle, with maximum temperatures ranging from 12 to 24 

degrees Celsius and minimum temperatures of -20 to 10 degrees Celsius (Jensen 2010). 

The livelihood activities of households in this region are vulnerable to climate variability 

and shocks. For instance, the high altitude and low temperatures at night make frost a 

constant concern in the region, alongside periodic droughts, and floods (Giles and 

Valdivia, 2009). 
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Specifically, this study comprises of three communities in Umala municipality 

(Kellhuiri, Vinto Coopani, and San Jose Llanga) and four communities in Ancoraimes 

municipality (Chinchaya, Chojñapata, Calahuancani and Cohani)—all located in Bolivia. 

Communities in this region vary in livelihood activities, wealth, access to infrastructure 

and formal institutions (Jensen 2010). Ancoraimes is subhumid and has access to a lake, 

and communities in this municipality cultivate various crops including potatoes and 

onions, as well as raise cattle. Whereas households in Umala municipality, which has a 

relatively flatter landscape,  raise sheep on the hillsides but also grow alfalfa, as well as 

potatoes. 

 

3.3. Analytical Approach and Measurement 

Although Béné et al. (2019) proposed the conceptual framework adopted in this 

paper, their study did not empirically operationalize the full model due to data limitations. 

Rather, using two different datasets from Frankenberger and Smith (2015) and Béné et al. 

(2016), the authors tested different hypotheses derived from the overall framework. For 

instance, they examined whether subjective resilience influenced households’ propensity 

to engage in different types of responses (e.g., negative coping strategies such as asset or 

consumption smoothing). Also, using self-reported recovery scores as a proxy for 

resilience—i.e., self-assessments of the degree of recovery from adverse events (Béné et 

al. 2016)— they assessed the relationship between psychosocial factors and households’ 

level of recovery to various shocks. 
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On the contrary, the operationalization of resilience carried out in this study more 

closely mirrors the framework described above i.e., as comprising of a combination of 

households’ perceptions, as well as of more concrete elements of resilience. There is value 

in having a resilience evaluation toolkit that integrates elements of both objective and 

subjective measurement methods, as this can help capitalize on advantages inherent in 

both approaches (Jones and d’Errico 2019). Furthermore, this study links both subjective 

and objective resilience elements to a wellbeing outcome—for which objective measures 

for household resilience outcomes were employed, as opposed to self-assessments as in 

Béné et al. (2019). 

In general, the existing literature points to three dimensions of resilience capacity: 

absorptive, adaptive, and transformative capacities (Béné et al., 2012; Smith and 

Frankenberger, 2018). Béné et al. (2012) suggest that these three capacities lead to 

different respective outcomes—persistence, incremental adjustment (or adaptation), and 

transformational response. Persistence speaks to resistance (i.e., being able to stop the 

shock from causing dysfunctions); while adaptation speaks to the various adjustments 

that are made in order to continue operating without major qualitative changes in the 

identity or function of the system. Transformation, on the other hand, involves changes in 

the primary structure or function of the system. Further explanations of these pillars are 

provided below.  

Absorptive capacity: This refers to “the ability to minimize exposure to shocks and stresses 

(ex-ante) where possible and recover quickly when exposed (ex-post)” (Smith and 

Frankenberger 2018, p. 366). It encompasses the various coping strategies by which 



59 
 

households mitigate the impacts of shocks on their livelihoods and basic needs (Béné et 

al. 2012).  

 Adaptive capacity: Within the context of climate change and environmental phenomena, 

adaptive capacity refers to the ability of a system to “moderate potential damages, to take 

advantage of opportunities, or to cope with the consequences” of a changing climate 

(Béné et al. 2012, p. 21). These incremental adjustments prevent major qualitative 

changes in the function or structural identity of the system. With respect to the 

household, it involves making proactive and informed decisions about alternative 

livelihood strategies as a result of the changing conditions around them (Smith and 

Frankenberger, 2018).  

Transformative Capacity: Transformative capacity refers to the ability to create “a 

fundamentally new system when ecological, economic or social structures make the 

existing system untenable” (Béné et al. 2012, p. 21). It encompasses the enabling 

conditions that foster longer term resilience and relates to “governance mechanisms, 

access to markets, services and infrastructures, community networks and formal safety 

nets that are a part of the wider system in which households and communities are 

embedded” (Smith and Frankenberger, 2018, p. 366). According to Béné et al. (2012), 

transformation goes beyond incremental changes and involves an alteration in the 

structure and function of the system (such as the introduction of new state variables 

within the system/loss of old ones). e.g., a household venturing into a new livelihood 

activity or a region switching from an agrarian economy to one dominated by resource 
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extraction. Transformational changes could include a combination of technological 

innovations, institutional reforms, behavioral shifts, or cultural changes.  

To account for the subjective dimension of resilience, this study utilizes two main 

perceptions: perceptions of dread and perceptions of control. They are further described 

below: 

Perception of dread: According to Béné et al. (2019), risk perceptions within a resilience 

context could be viewed along two dimensions: the perceived risks associated with 

experiencing certain shocks (i.e., actors’ estimation of the probability of an event 

occurring and the likely severity if it happens); and the perceived risks surrounding an 

actor’s responses to shocks after the occurrence of an adverse event (i.e., actors’ 

estimation of the riskiness or uncertainty associated with possible responses to a shock). 

The perception of dread variable employed in this study speaks more to the former. The 

question used was: “How do you feel when thinking about the possibility of these 

dangers/threats7  happening and affecting your family.” Reponses were on a scale of 1-3 

where 1 = A common risk that doesn’t worry you; 2 = not sure how it will make you feel; 

and 3 = it scares/terrifies you.  

Perception of Control: As used in this paper, perception of control can be likened to the 

term coping appraisal used by Grothmann and Reuswigg (2006). It refers to “[an 

 
7 There were 14 threats provided in the questionnaire, but only 5 of them were utilized because of this 
study’s focus on environmental shocks. The following are the relevant adverse events utilized in this 
study: hail, frosts, drought, floods, and climate change. The other threats presented in the questionnaire 
related to pests infestation; animals falling sick; low fertility of soils; road blockings and strikes; low 
market prices for crops and livestock; children and adults in the households getting sick; and loss of job 
for migrant family member. 
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evaluation of one’s] ability to cope with and avert being harmed by the threat, along with 

the cost of coping” (p. 104). Conceptually, it incorporates the belief that a person’s actions 

will in fact be effective in keeping them from being harmed by the threat; the perceived 

ability to carry out the response; and the cost of acting (Grothmann and Patt, 2005). A 

similar concept appears in the Béné et al. (2019) framework as self-efficacy which they 

describe as the belief actors hold in their ability to manage situations. The survey asked 

respondents: “How much control do you think you have over these events8?” The Likert 

scale responses were: 1 = You have no control; 2 = more or less not under your control; 3 

= not sure being able to control; 4 = it can be controlled a little; 5 = completely under your 

control. 

It is worth pointing out that the analytical model utilized in this study does not 

directly mirror the explication of the resilience pillars provided in theory (i.e., absorptive, 

adaptive, and transformational capacities). The resilience pillars in this study are 

somewhat unique 9. They are however still reflective of the dimensions of resilience 

capacity expounded in theory. Such an approach is not uncommon in the field of resilience 

analysis within a human dimensions context.  

For example, the Resilience Index Measurement and Analysis (RIMA) model 

developed by the Food and Agriculture Organization (FAO) also uses some unique factors. 

 
8 The same 5 of 14 events utilized in the question on perception of dread were used here. 
9 The initial model proposed for the analysis in this study was strictly driven by the theory (i.e., the pillars 
of resilience were comprised of absorptive, adaptive, and transformative capacities, as well as a pillar for 
subjective resilience) and the indicators for each of these pillars were informed by the literature. 
However, the specified model did not converge (possibly due to the limited sample size and the data 
transformation that was required to create some of the variables e.g., the diversity indices). As a result, 
model calibration was carried to achieve acceptable goodness of fit levels, thus providing the final pillars 
utilized. 
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The RIMA model utilizes pillars of resilience that are best suited for the FAO’s outcome of 

concern (i.e., food security). In addition to serving FAO’s organizational mandate, the 

RIMA-II model—an updated version of FAO’s resilience measurement tool—was 

developed to satisfy practical application needs (FAO 2016). The RIMA-II framework 

adopts five pillars of resilience: access to basic services; assets; social safety nets; 

sensitivity10; and adaptive capacity. However, several studies employing the RIMA-II 

framework use different numbers of these pillars e.g., Brück et al. (2019), Jones and 

d’Errico (2019), and d’Errico et al. (2018) use varying combinations of four of these pillars, 

while Murendo et al. (2020) utilize only three of them. On the other hand, d’Errico and 

Giuseppe (2018) employ a unique resilience pillar in their model which they referred to as 

“Income and Food Access.” In short, evidence from the literature suggests that resilience 

pillars generally employed are those deemed appropriate within the context of the study, 

and novel ones may sometimes be constructed if need be. 

In this study, each pillar is operationalized as a latent variable made up of relevant 

indicators, just like RIMA-II and similar frameworks (e.g., Smith and Frankenberger 2018). 

The resulting pillars and their constituent indicators11 are presented in Figure 3.3 and are 

further described below: 

The first resilience pillar (RP1) in the analytical model utilized in the current study 

incorporates the productive capacity of households. This pillar captures the multiple 

 
10 Sensitivity is considered to be an exogenous pillar and as a result is not often used in constructing the 
resilience capacity index, but rather employed in regression analyses to evaluate the real impact of shocks 
(FAO 2016). 
11 As in Smith and Frankenberger (2018), some indicators are utilized in the construction of more than one 
resilience pillar.  
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sources of income-generating activities, as well as their ability to develop new sources of 

livelihoods relatively quickly. It may also be taken to capture the capacity of households 

to adapt to their changing environment through the human capital component 

represented in this pillar. This resilience pillar will be referred to as Prod-AC (productive 

and adaptive capacity). 

 
Figure 3.3. Analytical model utilized in this study revealing the resilience pillars and their 
constituent indicators. 
 

The second pillar (RP2) is suggestive of households’ ability to minimize the impact 

of shocks to their farming operations. It plays a major role in determining the degree of 

risk exposure, especially with respect to crop production with spillover effects of 

pastoralism. This pillar will be referred to as Env-IV (environmental investment). 

The third pillar (RP3) relates to households’ perception of dread, as well as their 

investments in land for crop and pasture production and restoration. As noted earlier, it is 
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expected that subjective measures of resilience will incorporate elements of the tangible 

component of resilience since these are expected to influence perceptions (Béné et al. 

2019). A lot of the anxiety generated with respect to environmental shocks can be 

associated with the potential impact of those hazards on their assets which are sustained 

by or connected to the land. For instance, the adverse effects that erosion could 

potentially have on households’ cultivation or water sources would be a major source of 

fear for them. This pillar will be referred to as Fear-LND. 

The fourth resilience pillar (RP4) is both indicative of households’ social networks 

and their self-efficacy, which are both crucial in spurring longer term resilience. For 

instance, stronger formal network ties could lead to increased exposure to new 

knowledge, as well as contribute to households’ ability to explore new livelihood activities 

or territories—which may further be reinforced by greater belief in their ability to manage 

adverse situations (perception of control). This pillar will be referred to as Soc-CTRL. 

 The following are the indicators for the various pillars utilized for this study’s 

analysis with their respective measurements:  

• Tropical Livestock Units: A standardization of different types of livestock into a 

single unit of measurement (Appendix I) 

• Cropland: The number of hectares used for crop production in the previous 

planting season 
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• Crop diversity: Inverse Simpson index12 of diversity of species planted  

• Informal social capital: A count of activities that indicate access to resources 

through informal social capital  

• Education of household heads: Average number of years of formal education 

received by household heads  

• Adult Equivalent (AE): The amount of labor within the household (constructed 

using the following metric: AE=1 for age>17.5 years; AE=0.5 for 17.5>age>12.5; 

AE=0.3 for 12.5<age<5.5; AE=0 for age<5.5 years) 

• Income diversity: Inverse Simpson’s index of livelihood strategies households 

participate in. It includes income sources from crops, livestock, and labor markets 

• Civic engagement: Total number of formal local organizations that household 

members participate in   

• Erosion control: Area of land in hectares dedicated to fallow, native pastures, and 

alfalfa for more than one year. The use of land for this purpose allows for the 

growth of deep-rooting plants that help with the control of erosion. 

• Soil amendments: Total cost of soil inputs (chemical or organic fertilizers) that help 

replace the nutrients extracted through crop production 

• Civic engagement: Total number of formal local organizations that household 

members participate in, such as community and school committees   

 
12 Inverse Simpson’s Index =1/ ∑

𝑖=1

𝑁
(𝑛𝑖/𝑁)2 where ni is the hectares planted with species i and N is the 

total number of hectares planted. The value of the index drops as either the number of species drops or 
as specialization in specific species increases (Jensen 2010). 
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• Perception of dread: Average value of household heads to questions to questions 

about they feel when thinking about the possibility of being affected by 

environmental threats 

• Perception of control: Average value of household heads to questions about their 

ability to exercise control over the impact of environmental shocks 

 

Since resilience is an unobservable and multidimensional construct, this paper 

employs a structural equation modelling (SEM) technique in the assessment of resilience 

capacity. SEM makes it possible to model and jointly test complex patterns of 

relationships. SEM utilizes the combination of a factor analysis-type model and regression-

type model. The unobserved variables are measured via the observed variables in the 

factor analysis, while the relationships among the variables are simultaneously identified 

using the regression-type model (d’Errico and Pietrelli, 2017). 

In the analysis for this paper, the latent variables (i.e., the resilience pillars) are 

thought to explain the variation and covariation in the observed variables and are taken 

to be linear combinations of the underlying factors. The employed technique allows for 

the evaluation of the relevance and role of each pillar, as well as their constituent 

indicators. Specifically, the equations are:  

RPhc = f(X1hc +…+ Xnhc) + ehc    (1) 

𝑌ℎ𝑐 =  𝛽0 + 𝛽1𝑅𝑃1ℎ𝑐 + ⋯ + 𝛽𝑛𝑅𝑃𝑛ℎ𝑐 + 𝜀ℎ𝑐  (2) 
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where resilience pillars (RP) are a function of their constituent indicators (X) and Y is the 

outcome variable for household h in community c, which for this study is full income 

(explicated below). 

Full income: Any resilience measure has to be indexed to a specific wellbeing indicator 

which could range from food security to poverty or any other development outcome (FAO 

2016). As opposed to income in its usual sense, the outcome variable utilized in this study 

is the value in exchange of the various productive activities households participate in. This 

is an augmented form of the farm household model (Ellis 1993). The full income concept 

in the original farm household model is:  

𝐹′=wTz + pC + mM,    (3) 

where 𝐹′is full income, wT is the opportunity cost of time spent in Z-goods production, pC 

is market value of home consumption of output and mM is value of market purchases 

(Ellis 1993, p. 132). However, given the context of the study, other sources of earnings and 

household operations not present in the original farm household model were 

incorporated into the variable. Thus, for this study full income is comprised of the total 

market value of the commodities, livestock and livestock products produced; the income 

earned from off-farm work; and the remittances received. 

 

3.4. Results and Discussion 

The data used in this analysis had 103 households from Ancoraimes municipality 

in the Northern Altiplano, near Lake Titicaca in Bolivia, and 117 households from Umala 
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municipality located in the Central Altiplano of Bolivia. The summary statistics is presented 

in Table 1. On average, heads of households in the sample had just above five years of 

formal education. In terms of social networks, households participate more in informal 

social activities than they do in formal local organizations. With regard to animal 

husbandry, a wide range of ownership of animals was observed within the sample, such 

as sheep (both criollo and improved cattle), and South American camelids. Dairy cattle, 

sheep and camelids can be found more in Umala region. In Ancoraimes, cattle can be 

found in the lower and middle elevation, while camelids are more often found in the 

higher elevations. There was a wide dispersion in terms of the investments households 

make in managing erosion.  

Table 3.1. Summary statistics of households in communities in Umala (Kellhuiri, Vinto 

Coopani and San Jose Llanga) and Ancoraimes (Chinchaya, Chojñapata, Calahuancani, 

and Cohani) in 2009. 

Variable Mean Std. Dev. Min. Max. 

Tropical Livestock Units 8.10 7.26 0.00 58.90 

Income diversity 1.65 0.48 1.00 2.95 

Education HH 5.38 3.69 0.00 16.00 

Adult Equivalent 3.65 1.96 1.00 9.80 

Soil amendments 2.52 1.04 0.00 5.39 

Crop diversity 3.27 1.37 1.00 8.39 

Cropland 1.98 2.21 0.00 11.00 

Erosion control 3.52 4.35 0.00 27.00 

Civic engagement 1.00 0.96 0.00 4.00 

Informal social capital 1.34 1.68 0.00 12.00 

Risk perception 2.78 0.34 1.00 3.00 

Perception of control 1.73 0.91 1.00 5.00 

 

Despite the differences in landscapes and the resulting production activities in 

Ancoraimes and Umala, the overall means for the perceptions of dread and of control for 
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households in both municipalities were comparable (Table 2). Similarly, the self-appraisals 

of households to individual environmental shocks were not different across municipalities 

(Table 3.3).  

Table 3.2. Subjective resilience indices* for households in communities in Umala and 

Ancoraimes municipality in 2009 

Municipality Community 
Perception of dread Perception of control 

Mean SD Mean SD 

Umala  2.78 0.37 1.69 0.94 

 Kellhuiri 2.40 0.71 1.75 1.09 

 Vinto Coopani 2.75 0.26 1.96 1.07 

 San Jose Llanga 2.90 0.16 1.58 0.83 

Ancoraimes  2.77 0.30 1.78 0.89 

 Chinchaya 2.83 0.20 1.96 1.04 

 Chojñapata 2.68 0.45 1.58 0.62 

 Calahuancani 2.59 0.41 1.84 0.67 

 Cohani 2.85 0.11 1.48 0.75 
* The perception of dread variable is on a Likert scale of 1-3 (where higher values indicate 

greater feelings of dread), while the perception of control variable is on a scale of 1-5 (where 

higher values indicates greater control) 

 

Table 3.3. Perceptions of households to environmental shocks in Umala and Ancoraimes 

municipalities in 2009 

 Umala Ancoraimes 

 Mean SD Mean SD 

Perceptions of dread to:     

Hail 2.86 0.44 2.85 0.42 

Frost  2.88 0.41 2.91 0.31 

Drought 2.87 0.38 2.90 0.31 

Flood 2.62 0.57 2.53 0.59 

Climate change 2.70 0.51 2.69 0.51 

Perception of control to:     

Hail 2.00 1.33 2.28 1.38 

Frost  1.54 1.15 2.07 1.36 

Drought 1.37 0.97 1.46 0.97 

Flood 1.84 1.08 1.58 0.90 

Climate change 1.71 1.05 1.50 0.94 
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Table 3.4. SEM results 

Parameters Standardized  
coefficients 

P(>|z|) 

Loadings   

Prod-AC -> Adult equivalent 0.324** 0.030 

Prod-AC -> Income diversity 0.354*** 0.001 

Prod-AC -> Education 0.129 0.227 

Env-IV -> Crop diversity 0.634*** 0.007 

Env-IV -> Education 0.216** 0.049 

Fear-LND -> Cropland 0.771*** 0.000 

Fear-LND -> Risk perception 0.205** 0.010 

Fear-LND -> Perception of control 0.196*** 0.017 

Soc-CTRL -> Informal social capital 0.305*** 0.000 

Soc-CTRL -> Civic engagement 0.462*** 0.000 

   

Regressions   

Prod-AC  0.188*** 0.043 

Env-IV  0.132 0.222 

Fear-LND  0.552*** 0.000 

Soc-CTRL -0.663*** 0.000 

***p<0.01, **p<0.05, *p<0.1 

 

Table 3.5. Fit indices for the SEM model 

TLI CFI RMSEA SRMSR 

0.97 0.98 0.02 0.04 

 

Overall, the model utilized for the analysis has good fit as revealed by the goodness 

of fit measures (Table 4). The Standardized Root Mean Square Residual (SRMSR) was 0.04 

while Root Mean Square Error of Approximation (RMSEA) of 0.02. Furthermore, the model 

had a Tucker Lewis Index (TLI) of 0.97 and Comparative Fit Index (CFI) of 0.98 which are 

both higher than the suggested cut-offs of 0.95 (West et al. 2012). 

The SEM results reveal the multidimensional nature of capacities that enable 

households to achieve resilience. The regression estimates of Prod-AC, Fear-LND and Soc-
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CTRL were statistically significant (Table 3). The results show that Prod-AC and Fear-LND 

had a positive relationship with full income, whereas Soc-CTRL was found to be inversely 

related to the wellbeing indicator. The first set of results point to the role that human 

capital (knowledge and skills, along with labor availability) and diversified livelihoods play 

in improving the resilience outcomes of households. The human capital component of this 

factor allows households to engage in a diversified portfolio of economic activities, thus 

reducing their vulnerabilities. Furthermore, livestock act as a savings mechanism as they 

can quickly be sold in the presence of shocks, thereby serving as a consumption 

smoothing strategy for households. Overall, families with greater productive assets in the 

form of land and animals, and households that engage in livelihood activities that are not 

likely to be directly affected by similar shocks, will tend to experience higher wellbeing 

levels. 

On the other hand, the observed negative association between Soc-CTRL and full 

income was unexpected. However, a number of possible interactions could have resulted 

in this finding. It could be that the culture of reciprocity and communal action practiced 

among the Aymara people may in essence be negatively influencing the full income of 

households as operationalized in this study. Since these practices involve giving and 

receiving assistance among neighbors, a neighbor experiencing an idiosyncratic shock may 

necessitate less time being devoted to one’s own portfolio of activities. However, in the 

case of covariant risks, such trade-offs may become insignificant since a household will 

also benefit from the aid rendered by other community members. A similar advantageous 
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effect of these cultural practices is expected if a household is hit by an adverse effect 

idiosyncratic to them. 

Additionally, the correlation between perceptions of control and informal social 

capital was found to be relatively high (Appendix I) and may suggest that some of the 

confidence households have in their ability to control hazardous events spring from the 

faith they have in their support network. Furthermore, the observed negative relationship 

between Fear-LND and full income could as well be attributed to the life cycle effects of 

households (as represented by the adult equivalent variable). The presence of older 

household members would result in lower engagement in productive activities. Likewise, 

the presence of young children that need to be cared for would also lead to competition 

for the time of working adults. 

  

3.5. Conclusion 

Due to an increase in adverse environmental conditions such as climate variability 

and weather extremes, it is important to understand the factors that enable households 

to achieve resilience in the face of these shocks. This essay sought to examine the 

resilience capacity of agro-pastoralist households in the Bolivian Altiplano, adopting an 

approach that integrated both objective and subjective measurement indices. The 

utilization of household perceptions in resilience analysis moves beyond the top-down 

approach that relies only on objective measures. 

Employing a structural equation modelling technique, this study assessed the 

combined effects of households’ attributes, perceptions, and livelihood strategies on their 



73 
 

wellbeing. The results from the analysis suggest that investments in the productive assets 

of households improved their wellbeing—which was proxied by full income. Having a 

diversified portfolio of income-generating activities, as well as the skills and human 

resources to quickly respond to adverse changing conditions was shown to be resilience 

enhancing. On the other hand, the positive roles of the combined effect of social capital 

and households’ perceptions of their ability to control unexpected circumstances were 

not supported by this analysis.  

However, several limitations in the analysis limit the claims of the findings from 

this essay and the results should therefore be treated with some caution. As pointed out 

earlier, modification indices were utilized during re-specification of the original 

hypothesized model. That is, a data-driven modification was employed to ensure better 

fitting of the analytical model. The risk with such a process is that it may lead to models 

that are not representative of the true population model (MacCallum, Roznowski and 

Necowitz 1992). However, such concerns are somewhat assuaged in this study as the 

resulting model (i.e., the categorization of the ensuing pillars of resilience) was not 

completely devoid of theory.  

Furthermore, the parameter estimation in SEM is done by maximum likelihood 

estimator which often assumes a large sample size. The small sample and relatively weak 

empirical relationships between the constructed variables utilized in this study (Appendix 

II) reduce the reliability of the results. Future studies can seek to improve the analysis 

conducted in this study by utilizing a larger sample size, coupled with repeated sampling 

of the study households. 
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APPENDICES 

 

APPENDIX I – TROPICAL LIVESTOCK UNITS a 

Animal  Weight (kg)  Metabolic Weight b TLU  

Cattle (mejoradad)  240  63  0.89  

Cattle (Criollas)  160  44  0.7  

Alpaca/Llama  65/75  22.9/25.5  0.38  

Donkey/Horse  100/ 225  (.5/.9)  0.7  

Pigs  30  13  0.2  

Sheep (mejoridad)  35  14.4  0.23  

Sheep (Criollas)  20  9.5  0.15  

Birds  1  1  0.01  

Rabbit/Guinea Pig (2.5/.5) 2/1 0.02 
a (Source: Jensen 2010) 

b Metabolic weight is used to calculate TLUs because energy use is more closely tied to 

tissue mass, not body weight which is a product of tissues and fats. 

 

 

APPENDIX II – CORRELATION TABLES 

 

a) Resilience Pillar 1 

 TLU Income 

diversity 

Education 

HH 

Adult 

Equivalent 

TLU 1.000    

Income diversity 0.244 1.000   

Education HH 0.095 0.181 1.000  

Adult Equivalent 0.319 0.100 0.054 1.000 

 

b) Resilience Pillar 2  

 Education HH Soil amendments Crop diversity 

Education HH 1.000   

Soil amendments 0.121 1.000  

Crop diversity 0.141 0.350 1.000 
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c) Resilience Pillar 3 

 Cropland Erosion control Risk perception 

Cropland 1.000   

Erosion control 0.502 1.000  

Risk perception 0.147 0.132 1.000 

 

d) Resilience Pillar 4 

 Adult 

equivalent 

Informal 

social capital 

Civic 

engagement 

Perception 

of control 

Adult equivalent 1.000    

Informal social capital 0.217 1.000   

Civic engagement 0.306 0.489 1.000  

Perception of control 0.166 0.356 0.276 1.000 

 

 

 

APPENDIX III – PATH DIAGRAM 
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CHAPTER 4. ADOPTION OF SMART FARM NETWORKS: A TRANSLATIONAL PROCESS TO 

INFORM DIGITAL AGRICULTURAL TECHNOLOGIES 

 

4.1. Introduction  

The increased rate and severity of changes in weather patterns have led to 

alterations in the growing conditions of crops, as well as the degradation of soil and water 

resources (United States Environmental Protection Agency, 2022).13 Since the adverse 

effects of these climatic changes usually extend beyond the perimeters of individual farms 

(e.g., pest migration), the proper responses from farmers may often require coordinated 

efforts among them. Consequently, information and communication technologies are 

being developed to assist farmers with timely and collective mitigation and adaptation 

strategies for their current and future agricultural challenges. However, among other 

impediments, social and behavioral factors like data privacy and trust pose a threat to 

realizing the goals of these technological solutions.  

In this study, we use a translational research process to examine the drivers of 

adoption of smart and connected farm networks. We probe farmers’ views about 

participating in these types of networks and provide insights into the technological and 

socioeconomic constraints associated with the uptake of smart farm networks. Such an 

investigation is crucial in identifying and eliminating the barriers that keep farmers from 

embracing tools and practices that could enhance their productivity and profitability. In 

addition, the participatory approach we adopt in this study sheds light on how to engage 

 
13 https://www.epa.gov/climateimpacts/climate-change-impacts-agriculture-and-food-supply 
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farming communities in the development process of digital innovations in an agricultural 

context. Involving the end-users in the creation and refinement of agricultural 

technologies is important because it ensures that these technologies meet the practical 

needs of farmers, thereby increasing the likelihood of adoption in the long run. 

 

4.1.1. Agriculture in the context of climate change 

The changes in temperature, precipitation patterns and extreme weather events 

being observed across the globe are bound to adversely affect agricultural productivity, 

food security, and overall human wellbeing (Nelson et al., 2009). The impact of climate 

change on agricultural systems is both substantial and complex. For instance, the effects 

of a changing climate, as mediated by the development of plant diseases, is itself complex 

(Garrett et al., 2011). At the minimum, climate change is expected to affect the 

geographical distribution of hosts and pathogens, as well as transform the physiology of 

host-pathogen interactions by altering the stages and rates of pathogen development and 

modifying host resistance (Coakley et al., 1999). 

Although an increase in agricultural production and trade have contributed to the 

rapid spread of crop pests and pathogens, changing environmental conditions have also 

been responsible for the observed patterns of pest and pathogen emergence and 

migration globally (Bebber, 2015). Moreover, the risk of crop diseases and damages by 

insect pests is increased by the concentrated nature of many agricultural landscapes (i.e., 

monoculture farming), especially in a country such as the United States where four crop 

species account for over two-thirds of croplands (Margosian et al., 2009). 
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Other menaces such as the dispersal of weed seeds and the diffusion of pesticides 

by wind also demonstrate that agricultural production is increasingly faced with threats 

that transcend farm boundaries. Besides, climate change is expected to encourage the 

proliferation of weeds and pests (Nelson et al., 2009). Consequently, there is a need to 

respond appropriately to the current agricultural production context with proper 

management approaches—those that emphasize mitigation efforts and decision-making 

at the landscape or community level, aided by rapid computing and communications 

technology. These management approaches will unavoidably require the willingness of 

farmers to act collectively. 

 

4.1.2 Digital agricultural technologies, smart farming, and data sharing 

The agricultural sector has been experiencing an “information revolution” (Dyer, 

2016), also known as a “digital agricultural revolution” that is rapidly changing the 

agricultural management landscape (Weersink et al., 2018). This revolution is 

characterized by the use of digital agricultural technologies and platforms and is driven by 

both the low cost of data collection and improved computational capacity in analyzing 

data (Coble et al., 2018; Weersink et al., 2018).  

Digital agricultural technologies are those that “digitally collect, store, analyze and 

share electronic data/information along the agricultural value chain,” while digital 

platforms are “a group of technologies that are used as a base upon which other 

applications, processes and technologies are developed” (Runck et al., 2021, pp1-2). 

Examples of digital technologies used in agriculture are unmanned aerial vehicles (UAVs), 
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sensors (soil, water, light), and location and navigation systems such as the GPS. Among 

examples of digital platforms are digital tool suites that link data to tools, or a website that 

aggregates information about digital tools (Runck et al., 2021).  

On the other hand, smart farming is a phenomenon that emphasizes the use of 

information and communication technology in the cyber-physical farm management 

cycle, thereby enabling farmers to make context- and situation appropriate responses to 

real-time events (Wolfert et al., 2017). That is, smart farming entails the use of digital 

technologies to manage farms with the goals of increasing the quantity and quality of 

products, reducing production risks, and minimizing costs in the long run, while optimizing 

human labor.  Examples include the use of sensors and drones for smart crop management 

(e.g., pest detection and spraying), and utilizing artificial intelligence and location tracking 

software in autonomous ground vehicles (e.g., self-driving tractors) to increase field work 

accuracy. 

It is believed that smart farming will enhance efficiency and productivity, support 

sustainability, and positively affect rural communities (Regan, 2019). Although there have 

been advances in the adoption of smart equipment (e.g., smart tractors, aerial 

surveillance), efficient computing and communications technology that connect farmers 

within a community and enable them to share data are scarce. As earlier pointed out, the 

transboundary nature of current production threats necessitates data collection and 

decision-making at a community or beyond-farm level.  However, farmers often express 

concerns with respect to using technologies that utilize large volumes of farm-level data 

(Carolan, 2018, p. 748).  
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There are several reasons for the concerns around data sharing among farmers, 

many of which revolve around issues of data privacy, data ownership, trust, and control 

(autonomy). Many farmers believe that they have the right to know what data is being 

collected, who is accessing it, and how it is going to be disseminated and used (Regan, 

2019; Ryan, 2019). Farmers also often express skepticism about the ability of current 

regulations and practices to adequately protect their farm data. Even where privacy and 

security measures do exist, some farmers are still worried about the risk of potential 

breaches (Jakku et al., 2019). Furthermore, farmers perceive data as a valuable 

commodity and are concerned about who will capture the value of accessing and using 

the data, especially if it will be at the expense of farmers themselves (Jakku et al., 2019; 

Zhang et al., 2021). For example, farmers fear that by accessing their data, data 

aggregators could gain an unfair advantage and engage in price speculation in commodity 

and real-estate markets (Sykuta, 2016). 

Another concern that farmers have with regards to data governance is the lack of 

transparency/clarity around contracts with technology providers, and a limited awareness 

of the terms and conditions regarding data ownership and use (Ryan, 2022; van der Burg 

et al., 2020; Wiseman et al., 2019). Farmers may not be aware of or may not fully 

understand how much control the contract relinquishes to the service provider, or the 

extent to which the data will be shared, raising ethical issues around the informed consent 

that they may provide (Ryan, 2019). It is also concerning that many of such license 

agreements are generally non-negotiable and are presented in a “take it or leave it” 

format (Wiseman et al., 2019). 
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However, the level of farmers’ skepticism varies with respect to whom they are 

dealing with. The type of organization managing the data-sharing platform and farmers’ 

idiosyncratic attitudes towards them have been shown to influence the degree of farmers’ 

willingness to engage in arrangements that require sharing of farm data. For instance, 

Turland and Slade (2020) found that Canadian farmers were more willing to share their 

data with university researchers and grower associations than with government officials 

or equipment manufacturers. Potential explanations for this relate to farmers’ fear that 

the government could generate new regulations or reveal violations of existing regulations 

based on the shared data, as well as skepticism about the benefit that the government 

can provide relative to private organizations (Coble et al., 2016). 

Another obstacle that could potentially hinder the realization of such community-

wide data sharing among farmers is the fear of being stigmatized or penalized if 

worrisome data is traced to a particular farmer’s operation (Regan, 2019). That is, farmers 

may be concerned about the practicability of assuring privacy of individual farm-level data 

and the potential consequences of such negligence. Moreover, even in cases where 

individual anonymity is guaranteed, concerns about undesirable action being taken 

against the group or community to which the farmer belongs may be another source of 

concern (Taylor, 2017). 

 

4.1.3. Behavioral determinants of agricultural adoption and the practice of farming 

In general, innovations are taken to be the new methods, customs, or devices used 

to perform new tasks (Sunding and Zilberman, 2001). Innovations are usually adopted 
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because of their perceived benefits (Chavas and Nauges, 2020). That is, the adoption of a 

new technology is often the result of calculations that weigh the incremental benefits of 

adoption against the cost of change, often within a context of uncertainty (Chavas and 

Nauges, 2020; Hall and Khan, 2003).  

In addition to the external determinants of adoption such as the characteristics of 

the technology, economic factors, institutional factors, social networks, and decision-

makers’ characteristics (Mwangi and Kariuki 2015), intrinsic behavioral factors have also 

been shown to influence the adoption of agricultural technologies (Streletskaya et al., 

2020). For instance, risk preferences seem to influence farmers’ decision-making when it 

comes to adopting new technologies. Loss aversion, ambiguity aversion, and the 

overweighting of small probabilities of loss may lead farmers to tread extra cautiously 

when presented with new technologies (Carter, 2016; Streletskaya et al., 2020).14  

In settings that require collective action, trust in the cooperation level of others 

plays a vital role in farmers’ decision to adopt an innovation. If the innovation in question 

is of a public good nature and requires the voluntary contribution of individuals within the 

community, trust is one of the elements of social capital that facilitates the required 

cooperative behavior (Leonard et al., 2010). For example, Halimatussadiah et al. (2017) 

find that trust—used as a proxy for social capital—impacts the contributions made by 

 
14 Loss aversion refers to the proclivity to choose to avoid losses over comparable gains or the greater 
intensity of the response to losses than to gains (Kahneman and Tversky, 1979), while ambiguity aversion 
refers to “aversion to being unsure about the probabilities of outcomes” (Barham et al., 2014), i.e., the 
tendency to prefer known risks to unknown risks. 
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individuals towards an environmental collective action involving the management of 

waste collection.  

Additionally, other regarding preferences, such as altruism and social norms about 

fairness or one’s obligation to others, may influence adoption decisions. Chouinard et al. 

(2008) provide evidence that some farmers are willing to sacrifice profitability to achieve 

conservation goals—and such stewardly inclinations may be prompted by a consideration 

of others (e.g., future generations). That is, the observed conservation behavior among 

farmers may not always be consistent with the profit-maximizing motives they are usually 

assumed to operate with. Similarly, Greiner and Gregg (2011) show that farmers are 

driven by a “care-based ethic” and are strongly motivated by stewardship aspirations than 

by external economic goals. In short, farming practices are often influenced by 

psychological factors such as altruistic behavior and intrinsic motivations.  

Furthermore, farmers’ trust in new technologies and their views on whether 

certain innovations are useful to their agricultural practice are often determined by the 

values and relationships that farmers have (Raedeke et al., 2003). To explore this notion 

further, we look to the discipline of Sociology and draw insights from Bourdieu’s concepts 

of “field” and “habitus” that highlight how actors’ objective conditions, internal 

interpretations and social actions can help understand the practices and operating logic 

of a given social group (Bourdieu, 1977, 1984, 1988, 1990; Bourdieu and Wacquant, 1992; 

Raedeke et al., 2003). This framework has been previously used to inform how farmers 

and entrepreneurs negotiate change and to explore the inherent characteristics that 
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shape their responses (Barbieri and Valdivia, 2010; Glover, 2010; Schucksmith, 1993; 

Valdivia et al., 2021).  

Under this framework, the field of farming entails the social relations that make 

farming possible (Raedeke et al., 2003). It emphasizes the networks or set of relationships 

farmers have, as opposed to the individuals and social structures that make up the system. 

These relationships exert considerable influence on the practice of farming. For example, 

family members may sway farmers’ views of what constitutes “good farming,” while the 

perceived preferences of landlords may play an important role in the farming methods 

their tenants use (Raedeke et al., 2003). Similarly, farmers’ relationship networks often 

influence their adoption of innovation (Caffaro et al., 2020), and more generally, these 

networks situate much of their learning since learning is argued to be a social process 

(Oreszczyn et al., 2010). 

On the other hand, the concept of habitus has to do with the habitual schemas 

and dispositions of individuals that operate in their subconscious. Specifically, the habitus 

of farming refers to the “taken-for-granted, shared meanings and behaviors” utilized by 

farmers and it works as a “matrix of perceptions, appreciations, and actions [that] makes 

possible the achievement of infinitely diversified tasks” (Raedeke et al., 2003, p. 69). The 

habitus of farming could also be described as the “active residue of past action that 

functions within the present” and allows for a farmer’s “efficient negotiation through 

mundane day-to-day activities on the farm” (Carolan 2005, pp. 389-390). That is, habitus 

is the internalization of the dominant modes of thoughts and experiences (through social 

interactions and one’s own experiences) that are derived from the subconscious and 
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cumulative assimilation of an established ethos of being a farmer (Shucksmith and 

Herrmann, 2002). 

The interrelation of habitus and the constraints, demands and opportunities of a 

field produces practices (Shucksmith and Herrmann, 2002). The practice of farming 

therefore encapsulates the dialectical relationship between field and habitus, and the 

interaction of field and habitus is what gives rise to specific attitudes, feelings, and 

dispositions (Raedeke et al., 2003). 

 

4.1.4. Aims of the study 

The objective of this study is to investigate farmers’ impressions and concerns 

about participating in a smart and connected farm network. By adopting a participatory 

approach, we attempt to answer the following questions: What are farmers’ opinions with 

regards to participating in a smart and connected farm network? What are the perceived 

benefits and perceived risks of participating in such a network?  

Whereas previous studies investigating farmers’ perceptions and experiences with 

data-sharing agricultural networks have utilized a few approaches such as face-to-face 

interviews (e.g., Regan, 2019), computer-assisted telephone interviews (e.g., Zhang et al., 

2021), and surveys (e.g., Wiseman et al., 2019), this study combines data from focus 

groups and questionnaires, allowing us to capture the views and behavioral profiles of the 

farmers in a more holistic manner. In addition, while previous related studies have been 

conducted in other parts of the world such as Australia, Canada, and a few European 

countries, this study was carried out in the Midwestern region of the United States. There 
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is a need to capture the views of farmers across different regions since farming and policy 

contexts may differ significantly across geographical locations. 

 

4.2. Methodology 

4.2.1.  Translational research process 

This study is embedded in a translational research process (Woolf, 2008) that 

involves potential end-users of a technology in the discovery process by effectively 

communicating their needs, wants and perspectives on related issues (Valdivia et al., 

2014). Within the context of agricultural development, this is a participatory process 

involving a two-way communication (feedback loop) between actors in the technology 

development sphere and those in the practice of farming (Valdivia et al., 2014; Valdivia et 

al., 2018) (see Figure 4.1). Such feedback loop is intended to bridge any differences in 

knowledge systems and facilitate learning among the different groups of actors, with the 

end goal of creating an innovation that is salient, trusted, and actionable within the 

context of the end-users. For instance, feedback from potential end users can help 

developers improve the technology, while information from various sources—including 

the developers and their own social networks—can help the end users in mastering the 

technology. 
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Figure 4.115. Translational research process in the development of smart farm networks 

 

4.2.2. Study context and procedures 

This study is part of a project that aims to develop novel socio-technical solutions 

that will create smart, connected farm networks for rural farmer communities by 

facilitating data sharing, knowledge exchange and coordinated responses to production 

threats. The project intends to promote real-time monitoring of threats and contribute to 

community-led decisions, with the end goal of improving the management practices and 

crop yield of farmers in an efficient and cost-effective manner. The technology in question 

is expected to have a network component where farmers can share their knowledge and 

data, and coordinate responses.  

 
15 The community of practice and the process feedback loop are further discussed in the next section. 
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The study was implemented in collaboration with an association that serves 

farmers in the U.S. state of Iowa. A community of practice (CoP) was formed to engage 

potential users of the innovation from its inception and throughout the development 

process. Engaging the farmers themselves to learn about their views of the innovation 

represents the first step in the feedback loop process of the innovation pathway (Valdivia 

et al., 2018). This stage consists of the scientists sharing the concept of the smart network, 

what it takes to be produced and deployed, and which issues it could address (Valdivia et 

al., 2014). The network in question requires on-the-ground data from farmers’ fields—in 

this case from farms distributed in a region—to provide information beyond a particular 

farm. A group of eight farms with soybean production in common constituted the CoP. 

They agreed to participate in the technology testing and to be part of participatory 

workshops that inform the innovation and provide feedback to developers.   

Two participatory workshops were conducted in August 2021 in the state of Iowa. 

Participants consisted of farmers representing the eight farms in the CoP and a team of 

scientists from four institutions involved in the creation of the technology. The protocols 

for the participatory workshops were developed with respect to the specific technology 

and were designed based on a related literature review and feedback from the scientists 

involved in the development of the technology—including agronomists, computer 

scientists, computer engineers, and social scientists. The protocols were then pilot tested 

among team members involved in the creation and deployment of the network.  

The participatory workshops lasted approximately 90 minutes and began with a 

presentation about the goals of the project and a short description of the network by the 
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scientists. Participants were informed that the network would help improve data 

collection, transfer, and processing, as well as improve connectivity within and between 

fields. They were told that the communication infrastructure for the network was to be 

realized with the help of emerging technologies such as dynamic spectrum access, 

unlicensed radio frequency, unmanned aerial vehicles (or drones), Internet of Things 

sensors, and mobile crowdsourcing; and that sensors would be the source of information, 

providing data and images on crops, soil, environment, diseases, etc.  

The participants were also notified that the collected data would be processed 

using state-of-the-art algorithms and machine learning approaches; that cloud services 

would be used to store both raw and processed data; and that drones and novel wireless 

technologies would be utilized to transfer data to the cloud. Furthermore, they were 

informed that farmers participating in the network would have real-time access to the 

processed data to visualize the resulting information from fields and possible 

recommendations through a dedicated website portal on a tablet, desktop, or 

smartphone; and that farmers could also send information and data to the system in a 

privacy-preserving manner through a crowdsensing paradigm. 

After describing the network, participants then engaged in a focus group 

discussion where they shared their experiences with related innovations, as well as their 

views on participating in the network. Subsequently, participants performed a discrete 

choice experiment intended to elicit their valuations of various attributes of the 

innovation. Afterwards, participants completed a questionnaire eliciting information on 

their farm operations, socio-demographics, and attitudinal characteristics. The workshop 
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ended with several interactive behavioral games which elicited risk preferences, trust, and 

cooperation levels. Approval from the university’s Institutional Review Board was 

obtained prior to conducting the workshops. Responses to the discrete choice experiment 

and the behavioral games are not included in this article as they were implemented with 

the sole purpose of pilot testing protocols for future experiments with similar sample 

populations. Participants’ responses to these tasks are not expected to influence their 

participation in the focus group as they were implemented at the end of the session.  

 

4.2.2.1 Focus Group Discussions  

The members of the CoP participated in a guided focus group discussion to share 

their impressions, experiences, and vision about how the proposed network could 

become an actual trusted tool in their hands. The focus groups were designed following 

Morgan (1997) and they allowed us to observe group interactions around the nature of 

the innovation, bringing into discussion many more ideas than an individual interview. The 

interactions and dynamics in the focus groups also presented an opportunity for 

participants to elaborate on the perspectives and experiences shared by others in the 

group.  

Two focus group discussions were conducted, one with three subjects and one 

with six subjects.16 Each focus group started with a presentation about the proposed 

technology given by the scientists developing the technology and a grower specialist 

 
16 Although eight farms made up the community of practice, there were a total of nine participants for the 
workshop sessions. This was because one farm had two representatives (i.e., a married couple), whereas 
the other farms had only one representative each. 



97 
 

involved in the deployment process. Information about the technology was given through 

a 10-minute video about characteristics of the innovation followed by an 8-minute in-

person presentation about the potential benefits of the innovation to the practice of 

farming. The presenters were the same in both focus groups. Subjects then had the 

opportunity to ask general questions about the innovation and introduce themselves to 

the group. Both focus groups were facilitated by the same researcher who followed a 

script to ensure consistency with the content, prompts, and framing of questions. The 

focus groups were recorded using Zoom and cellphones. Participants used their names 

during the discussion; however, anonymous identifying numbers (e.g., 101) were used 

when transcribing the recordings to maintain anonymity of responses. That is, there is no 

personal identification linked to the responses.   

A literature review on the practice of farming concept (field and habitus) informed 

the design of the questions used in the focus groups. The discussions were structured 

based on the following four sets of questions (in this order):17  1) What are your 

impressions of what was just presented to you about the technology? Have you had or 

interacted with similar technologies before? 2) What do you like most about the 

technology, and what are some problems you are currently facing that this technology 

may be able to address? 3) What concerns do you have about the technology? Why 

wouldn’t you adopt this technology on your farm? and 4) What are your thoughts about 

how the technology could become a reality for farmers in your community?  

 

 
17 The complete script used in the focus groups is available from the authors upon request. 
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4.2.2.2. Questionnaire  

The purpose of the questionnaire18 was to obtain information on the 

characteristics of the farmers and their farming operations, as well as behavioral attitudes 

that may influence adoption of the smart and connected farm network. Participants were 

asked questions about their farm specializations, types of digital technologies currently 

being used, and their current practices for managing pests, diseases, and weeds. 

Regarding farm networks, participants provided information about the formal and 

informal networks, organizations, and people they interacted with, as well as the 

frequency of such interactions. They also responded to various statements regarding the 

level of trust they had in their neighbors, other farmers, agricultural technology and 

network providers, and several other stakeholders in their field of farming. The 

questionnaire also enquired about the farmers’ knowledge and use of different services 

provided by digital agricultural technologies. Furthermore, the farmers were asked about 

the perceived value and risks they associate with digital agricultural technologies and 

networking, and the conditions for increased trust in these service providers. 

 

4.2.2.3. Qualitative data analysis  

The recordings of the focus groups were transcribed using Otter.ai software and 

the transcripts were then revised by two researchers separately. The three members of 

the research team engaged in active reading and re-reading of the edited transcripts and 

independently carried out a thematic analysis (Braun and Clarke, 2006). The data was 

 
18 The complete questionnaire is available from the authors upon request. 
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coded manually and the themes for the coding protocol were based on the field and 

habitus framework described above.  

Since the intent of the focus groups was to capture farmers’ impressions about the 

proposed technology, the coding strategy took into consideration both the group and 

individual level phenomena; that is, insights from both the individuals that make up the 

CoP and the dynamics of the group as a whole were acknowledged (Morgan, 1997). An 

analysis that recognizes the interplay between these two levels of analysis is often 

recommended because neither the individual nor the group represent a “separable unit 

of analysis” (Morgan, 1997). Furthermore, this approach helps to reduce the potential 

impacts of omissions by an analysis at only the group level such as the effects of censoring 

and conformity—situations that tend to occur in group settings (Carey and Smith, 1994). 

Our thematic analysis followed a more “theoretical or top-down” approach, as 

opposed to the “inductive or bottom-up” alternative (Braun and Clarke, 2006). That is, 

rather than simply focusing on providing a rich description of the data itself, the 

theoretical approach was driven by the analytic interest of the researchers and centers 

more on the specific questions of interest, thereby providing more detailed analysis of 

relevant aspects of the data. Specifically, the researchers sought to determine the 

networks of farmers (while identifying those that they trust), the shared values in the 

practice of farming, and their adaptive capabilities (Glover, 2010; Valdivia et al., 2021). 

Subsequently, the researchers met multiple times to review their independent analyses 

of the data and to discuss the emerging themes and sub-themes. 
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4.3. Results 

4.3.1. Description of the Community of Practice 

The community of practice (CoP) consists of nine farmers (8 farms) who are 

members of the same grower association. Almost all farmers are male (90%), with an 

average age of 51 years and average household income of $135,000, whereas the average 

net farm income (cash) in 2021 for the state of Iowa was about $153, 000 (Ag Decision 

Maker, 2022). All participating farmers have completed high school and half have at least 

a college degree. They are all involved in crop production (mainly corn and soybean) and 

had each planted between 1,000 acres to almost 4,000 acres of cropland in the study year. 

On average, participants plant 700 acres of soybean and 850 acres of corn. About 75% of 

participants are involved in other farming operations such as beef cattle and/or hog 

production.  

In addition to being members of grower associations, the members of the CoP are 

also part of cooperatives. They mostly use these groups as well as other private company 

networks for sharing information about farming, with the nature of these interactions 

varying depending on the field of farming. For instance, farmers interact daily with other 

farmers; whereas, on average, the respondents indicate that they meet with university 

extension agents and representatives of environmental agencies (e.g., Natural Resources 

Conservation Service) on a quarterly or annual basis. While most participants do not have 

any contact with scientists, two report interacting with them annually and one respondent 

indicates monthly interactions. Participants’ interactions with independent crop 

consultants present the greatest variation, ranging from weekly or monthly interactions 
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to annual or no interactions whatsoever. Engagement with policy makers is also seldom 

or non-existent. 

In terms of technology exposure, members of the CoP can be considered as 

relatively technologically savvy as they have previous experience with various types of 

digital agricultural technologies on their fields such as variable rate technologies (i.e., the 

use of data and automation to apply varying rates of inputs like fertilizers and seeds in 

appropriate areas around the field); GPS-based field mapping; and drone/aerial imagery 

for scouting weed, disease, pest, and nutrient stress plant stand count. However, other 

technologies such as crop canopy sensors and machine optimization solutions are scarcely 

being used within the group. The farmers also report that they rely mainly on private 

companies for information and technical expertise on the management of pests.  

 

4.3.1.1. Practice of farming 

The information participants shared during the focus group sessions revealed high 

diversity regarding their farm operations, ranging from part-time to full-time operations; 

growing of soybean and corn commodities to rearing of animals such as pigs and cattle; 

and renting of land alongside owning enterprises as a family business. There were varying 

years of engagement and partnerships with family members, such as parents still owning 

land and multiple generations being involved in farming: “I am now at the stage of life, 

when I’m probably starting to downsize and transfer the operation over to my grandson… 

So that's kind of a challenge for me. I'm kind of a “I can do it all” kind of guy. And it's hard 

to even let him take over.” 
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Some participating farmers have gone into debt to begin their enterprise. While 

some participants have farmed for several years and even generations, there are others 

who are younger and beginning farmers. In addition, some participants have off-farm 

work experience but still within the practice of farming such as working for an agribusiness 

firm. All the participants are currently members of the same grower association and have 

been exposed to different technologies and projects involving data collection: “I’ve been 

involved with this association, of course through the on-farm network and different 

projects that they've had for years. I'm kind of enjoying new technologies and working 

with drone imagery on my own farm.” 

The conversations held during the focus groups were rich and touched on a wide 

range of issues. However, our analysis focuses on areas related to the adoption of the 

smart and connected farm network and is split into two main sections: 1) first impressions 

about the proposed network; and 2) concerns related to the adoption of the network.  

 

4.3.2. Initial impressions about the smart and connected network 

Overall, participants show optimism and excitement about the proposed smart 

and connected network. They sense the opportunities that such a network would provide 

for collecting, analyzing, and utilizing data. They recognize the need for a technology that 

can give farmers access to information that they hitherto would not have been privy of: 

“If there's certain insects that are moving through an area and this can communicate to 

others, it’s helpful to be aware of this problem potentially reaching your farm, and kind of 

tracking some of the disease, crop disease or insect problems that can develop along.” 
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This positivity was further reinforced by the results from the questionnaire where all the 

respondents agreed or strongly agreed that digital agricultural technologies and 

networking can help them deal with production-related issues and make more informed 

decisions. 

The timeliness of the information to be provided among the network users is also 

attractive to farmers; as another participant indicated: “I’ve met other growers and so we 

kind of have this informal network of sharing information on practices and/or 

management practices, you can say. So, something like this would definitely help us share 

information, and make it easier and timelier in a quantifiable way.” Additionally, the 

necessity for production-related information in farmers’ own locality was noted: “And I 

would say, this fact, is this localized data collection seems like, versus like a climate field 

view, which is, who knows where that comes from? And how big an area?” 

However, since farmers already have existing avenues that they utilize (and trust) 

for receiving information and for interacting with other farmers, an innovation would have 

to demonstrate its superiority for it to be adopted: “I think the benefit that the technology 

has to prove is that it's going to be better than what's already out there. If the forums that 

I'm already looking at or using isn't as good as the new technology, then I'm going with 

the new one, but if the proposed technology doesn't replace what I'm already using as a 

better trusted advisor, then I probably wouldn’t. You know, it won’t catch on.” 
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4.3.3. Technological factors and behavioral drivers of adoption 

4.3.3.1. Requisite technological infrastructure and network size 

Participants feel that there is a need for reliable highspeed internet access for 

farmers to be able to utilize the technology. One participant remarked: “That’s why the 

investment needs to be in infrastructure.” The importance of telecommunication 

infrastructure to agricultural operations has also been echoed elsewhere (Zhang et al., 

2017). Among the respondents, individual experiences with quality of internet differed. 

Unlike some participants who noted that they have only recently gotten access to good 

internet, others indicated that they have enjoyed quality service for several years. One 

participant stated: “I kind of have the impression that most of rural Iowa has pretty good 

internet, I know I have good internet,” but not all participants affirmed that opinion. “Yeah, 

you’re extremely spoiled. Live in my place for about a week, for about a day and a half and 

you go crazy,” another participant reacted.  

Moreover, farmers perceive that the benefits of being in a network such as the one 

to be provided by the proposed technology will only be harnessed if there are enough 

people participating in that network: “So it's good to have a wider base, bigger pool. I 

think your data is only as good as the environment it’s coming out of.” It is the belief that 

a larger network will provide more data points for any potential analysis, thus ensuring 

that the report produced about any phenomenon taking place in a landscape is more 

accurate. 
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4.3.3.2. Data validation and accuracy 

Due to the prospect of data coming from various sources, data quality has been 

highlighted as a potential challenge for digital agriculture technologies (Tantalaki et al., 

2019). Regarding data accuracy, a participant states a preference for information that can 

be validated. “The one thing I can see is where if there is bug pressure, or if there is disease 

pressure, that's something that could be validated. And you can look it up. And you know, 

if it shows it's more in this area, or they’ve seen a lot, well, that's something that could be 

validated, or fact checked.” A potential reason for this stems from the lack of trust in the 

information source. Another participant clearly states his concern regarding unknown 

sources of information: “The hesitancy to be reading other information on the network 

and not knowing where it's coming from, and if it's a trusted source. You know, all the time 

you hear about on Facebook or Twitter, whether this is fake information, false information, 

and so you want some validation behind it… Before I go invest my money in a new practice, 

or changing my operation based on what this guy did on his farm, I want to make sure 

that it is good for me.” 

However, to combat this concern and to improve the credibility of the network, a 

participant envisages that having information verified—probably by a third party—may 

be useful: “I do like the growers’ association because they cater to what I want, and for 

what I use them for. They can be my third-party independent auditor that makes sure all 

the data is accurate. So now they can take that information and you have somebody like 

that, that can make sure that information is accurate before it gets on to [the network].” 

The participant is however quick to note that this may be a challenge to implement in 
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reality: “But then there's a lot of puzzles and pieces to make that work. You know who's 

going to be that fact-checker?”  

 

4.3.3.3. Trust  

With respect to lack of trust in information sources, the role of previous 

experience—both with working with a stakeholder, as well as one’s personal experience 

trying out an innovation–was highlighted. “My impression was I think there's a lot of good 

information out there. But for me, it's a matter of where the information comes from. How 

do I trust the information? So, if I'm looking for information, I go to the people that I know 

that have the right information or that I trust...We have a lot of trials. And so, I can disprove 

a lot of information or prove it. So, I trust my information cause I’ve actually put it to the 

test.” This observed correlation between familiarity and trust is consistent with findings 

by Mase et al. (2015). The authors report that for information about soil and water quality, 

agricultural respondents in midwestern United States indicated higher levels of trust for 

organizations that they were more familiar with, including agencies that had a longer 

historical presence in their region such as the Farm Bureau and the state natural resources 

agencies.  

Regarding data sharing, several participants express higher trust levels toward 

public universities and grower associations compared to private companies: “I think the 

fact that it's being run or being overseen by a grower association or a university or 

whatever, makes it more legitimate. If somebody from a for-profit company came and 

said, “Hey, we want to get farmers to start doing this,” I'm always skeptical that they're 
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going to steal my information or want something from it, and either use it against me or 

use it for their own profit. I trust you guys aren't going to be doing that. So, I have a little 

more trust in a university.” The more positive attitude of farmers towards universities and 

grower associations relative to other stakeholders align with findings among Canadian 

farmers reported by Turland and Slade (2020). These findings are also supported by 

subjects’ responses to questions regarding their trust level toward different institutions 

and organizations; the results are reported in Table 4.1. Overall, participants seem to trust 

agricultural organizations and other farmers the most, followed by land grant universities 

and financial institutions. The lowest levels of trust are expressed towards the government 

and public institutions. 

Table 4.2. Farmers’ responses to questions on trust in institutions and organizations 

Statement: How much do you trust the following?  Mean SD. 

Neighbors 3.6 0.88 

Other farmers 3.8 0.44 

Landowners 3.3 0.71 

Cooperatives 3.1 0.78 

Agricultural organizations 3.9 0.92 

Commercial agricultural service providers 3.4 0.72 

Banks and other financial institutions 3.7 0.50 

Land grant universities 3.7 0.87 

Government 2.3 0.50 

Public institutions-based start-up company 2.7 0.50 

Note: Respondents were asked to indicate their level of trust on a scale of 1-5, with 5 

being Total trust and 1 being No trust at all.  
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When there are conflicting opinions and farmers are torn between choices that 

seem contradictory, they tend to rely more on recommendations from non-commercial 

entities: “And so it's really a struggle, because you have one side telling you, yeah, you 

better put it on, because you know, it's just a good thing to do for ensuring your yields. 

And the other one saying, well, there's no evidence that it is going to ensure your yield, 

because there's nothing affecting, it's not affecting this product…. So, an independent crop 

consultant, somebody that is not actually selling a product, or Extension or a grower 

association, things like that, somebody unbiased, will be the ones that could really use 

this.” 

Commercial companies are perceived to mainly care about their margins while 

trying to take advantage of farmers via the information they provide. A participant 

repeated those sentiments by stating: “But I sometimes think it's, of course the industries 

that we buy from are senior petrochemicals or fertilizers, they also provide that type of 

information almost competitive with our universities sometimes. And personally, I trust 

information from them very little, because they're always biased. They have their own 

opinion. And that's why this type of a project, can be so beneficial, because hopefully, we 

weed out all that noise from people that try to make a buck off the information they’re 

sharing.” Another participant added: “…I feel I’m really interested in this because I would 

like to see data that isn't biased by anything. Hard to find…” Low level of trust toward 

commercial digital and networking providers is also suggested in the responses to the 

questionnaire, where only 20% of farmers agree that these stakeholders are either trusted 

by them or by other farmers. However, all the respondents indicate that their trust in 
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digital agriculture technology and network providers will be increased if they complied 

with agreements on data access, privacy, and ownership. 19 

Nevertheless, it appears that trust towards these different types of institutions 

may not be absolute—i.e., farmers may not show (dis)trusting behaviors to certain 

stakeholders in all situations—but may be dependent on the service in question. For 

instance, one participant admits that he does not trust public universities with providing 

up-to-date information: “I hope they don’t take offence, but the university information 

seems dated at most times, whether it's our state or Missouri… they’ll be teaching me 

things that we started doing 10 years ago.” On the other hand, another participant 

indicates that he trusts private companies when it came to scouting his fields: “And so I'm 

always having my seed company do it…you know, they give me good information, because 

they've been out scouting other people's fields.”  

It is worth noting that in general, there tends to be a relationship between trust 

attitudes, risk perceptions, and technology adoption. Within the context of adoption of 

digital agricultural technologies, it is argued that trust lies at the heart of concerns around 

data ownership, transparency, privacy, and security (Jakku et al., 2019; Shepherd et al., 

2018), and as a result, significantly influences the risks farmers associate with a given 

technology. Therefore, farmers who have lower trust levels towards a technology and/or 

the entities involved in its management or operation may be expected to have lower 

adoption rates. For example, Jayashankar et al. (2018) investigate the mediating role of 

 
19 Only one respondent indicates that they neither agree nor disagree that complying with an agreement 
that provides clarity on data access would increase their trust in these providers. All others agree with the 
statement. 
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perceived risk and value in the relationship between trust and adoption of Internet of 

Things (IoT) technologies. The authors find that the perceived risks of farmers have a 

negative impact on their willingness to adopt IoT, and that trust helps to mitigate such 

perceived risks. 

In our study, participants express concerns about how commercial companies 

would handle their data, whether it is by deliberately sharing such data or by inadvertently 

losing it (see Table 4.2). Farmers’ perceptions of the risks associated with working with 

private organizations may also help to explain some of the distrusting attitudes they have 

towards these stakeholders. 

Table 4.3. Farmers’ responses to questions on risk perceptions 

Statement: There is a high risk that digital agriculture technology and 

networking providers will: 

Mean SD. 

share raw data from my farm with neighboring farmers without my 

knowledge 
2.8 1.30 

share raw data from my farm with land speculators without my 

knowledge 
3 1.32 

share raw data from my farm for commodity trading without my 

knowledge 
2.8 1.30 

be hacked and lose my personal and sensitive business information 3 1.22 

make decisions for me with raw data from my farm 2.9 0.93 

Note: Respondents were asked to indicate their level of agreement on a scale of 1-5, with 

5 being Strongly agree and 1 being Strongly disagree. 
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4.3.3.4. Data quantity and data utilization 

A concern that was constantly brought up during the focus group is the large 

volume of data that smart devices tend to collect, and the time demands of using such 

tools. Farmers are concerned that they could spend a lot of time reviewing and/or 

analyzing information in a way that is no longer effective/efficient. “I might call it the 

overwhelming factor of information overload. There's just so much information we process 

and analyze already...I think that could be the challenge. Like well, do I need to be 

collecting this? Do I even need to spend time trying to read or look at this, or should I, you 

know, either focus my time on other places?” 

A related concern is farmers’ inability to utilize the data that will be generated. The 

participants indicate that they currently have lots of success collecting various types of 

data but express dissatisfaction with their capacity to use that data to make informed 

decisions on their farms. “For five years at least we've been doing aerial imagery stuff 

studies. So, we’ve done a lot of data collection there, we've done soil conductivity tests 

and things like that on that. But as far as putting everything together to help make 

agronomic decisions or financial decisions, no.” This sentiment was echoed by another 

participant: “We have so many variables and to have information is nice, but it's only nice 

and valuable if you can make an improvement, or a cost-saving measure with that data. 

So being able to utilize the data to make me more efficient is the goal.” Furthermore, this 

participant anticipates a need in the future to expand their field of farming in order to be 

able to engage other stakeholders (experts) who can analyze the data. In essence, 

participants are interested in learning what types of data would be collected in the 
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proposed network, how it would be analyzed, and how it would ultimately assist with 

decision-making in their practice. 

The large volume and complexity of data produced, as well as the models required 

for computational efficiency, have indeed been identified in the literature as some of the 

potential challenges of agricultural technologies requiring the use of big data.20 For 

instance, Tantalaki et al. (2019) describe the extraordinary techniques required to 

efficiently process voluminous datasets and suggest that these demands cannot be 

adequately met by traditional learning models. In addition, they note that advanced 

visualization techniques and strong multidisciplinary engagement may be needed for 

appropriate data interpretation; thereby corroborating the views among farmers in our 

CoP. 

 

4.3.3.5. Data privacy  

Although the issue of data privacy and security are one of the main challenges 

discussed in the literature on adoption of digital agricultural technologies (Coble et al., 

2016; Ryan, 2019; Shepherd et al., 2018; van der Berg et al., 2020), our focus group 

participants seem more interested in evaluating the pros and cons of utterly protecting 

the identities of the members of the network. During the sessions, they raised concerns 

about how privacy-preserving features of the network could limit data integrity. Some 

participants are worried that if complete privacy is guaranteed, it will be difficult to track 

 
20 Big data refers to the “massive volumes of data with wide variety that can be captured, analyzed and 
used for decision-making” (Wolfert et al., 2017, p.69). 
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the source of information provided on the network, which may inadvertently increase 

one’s risk of being exposed to misinformation: “To keep it anonymous, then you don’t 

know where the information is coming from, but if they don’t keep it anonymous, then 

people can point fingers.” 

Furthermore, participants fear that total privacy may be a disincentive to engaging 

on the platform, or may prevent those who want to build a reputation of being 

knowledgeable (or respected contributors) from doing so i.e., it may be at odds with 

building one’s online credibility: “…all those forums have names on them, you know, and 

you gain respect for that person from South Dakota that’s always posting on the forum 

because he has 1000 herd feed lot and he consistently has good advice and people respect 

him. If it was anonymous, you know, someone could also be posting from the sofa and you 

don't know whether to trust them or not.” 

 

4.3.3.6. Market competition among farmers 

A reason to favor privacy in farmers’ practice is the competitive nature of farming. 

On one hand, participants acknowledge the appeal of privacy to them as farmers; on the 

other hand, they recognize the need for collaboration to make the network function as it 

is supposed to: “I guess it's a fine line between privacy and giving information that can 

help you… Say you got something good; can you share that information? Maybe you're 

taking your competitive edge away, you know, so while you want to talk to your neighbors 

and friends, on the other hand you're still trying to run a successful business.” 
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Farmers worry that sharing certain information may impact them negatively. One 

participant stated: “I think I'm a little concerned about sharing data with my competitive 

neighbors… We farmers, whether we like to admit it or not, are competitors with our 

neighbors. And the data sharing will help me grow and hopefully help our agriculture 

industry grow. But in some respects, I don’t want it to put me into a disadvantage with my 

neighbor.” Another participant corroborated: “It's unfortunate that we have to compete 

against one another, and we cannot compete against another industry. We need to work 

together, as opposed to against.” Responses to the questionnaire suggest that 

participants are indeed least willing to share information from their farms with their 

neighbors and other farmers living in the same county (see Table 4.3). 

Table 4.3: Responses to questions on willingness to share information 

Statement: I will be more willing to share information generated on 

my farm with: 
Mean SD. 

Farmers who are my neighbors 3 0.71 

Farmers who live in my county 3.3 0.50 

Farmers that have similar farming operations like mine 4 0.71 

Farmers who I know personally 3.7 0.50 

Note: Respondents were asked to indicate their level of agreement on a scale of 1-5, with 

5 being Strongly agree and 1 being Strongly disagree. 

 

There is an obvious tension between sharing data to improve the resolution of the 

collected information and the inherent competition of the market, such as the 

competition for renting land: “I think a lot of the sharing just goes back to even just the 

land you farm, you know, I mean it's a dog-eat-dog world out there for cash rent. And so I 
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mean, any information you share, I feel can be misdirected and be, you know, either used 

against you…” This point was expounded by another participant: “The guy that farms 

within 50 miles of you is really almost your competitor, cause people will travel to farm 

land if it's a lot of viable, larger chunk of land. If they know something about your farm, 

that they think oh, I can find out who owns that land and give them more money because 

I know what they're getting as a return or whatever. There are concerns about that.” 

 

4.3.3.7. Costs of adoption 

Since farmers are interested in their enterprises being profitable, it is no surprise 

that they would undertake a cost-benefit analysis before adopting a new technology into 

their practice, and only those technologies perceived as yielding a net-benefit would 

eventually be adopted. As one participant expressed: “I got to get at least as much out of 

it as I'm putting into it.” Also, considering that the farmers in the CoP are relatively small, 

farmers worry about the average cost of taking up a new technology and the ability of 

their operations to justify such an investment: “…an operation of his size, he's 1200 acres, 

I’m 1100 acres, so basically the same size, and so the number of acres that we cover per 

year is not so great to spread the cost over, you know. It's a higher cost per acre 

investment.”  

Furthermore, farmers in the CoP would like to be able to sync new tools with 

existing infrastructure or would prefer a machine that can perform multiple tasks: “I have 

a planter that plants beans, one does the corn, the tracker, everything's older equipment. 

But I can't afford to buy five or six different devices to collect GPS location and analyze 
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data as we go through the field. I'm going to have to be able to quick switch it from one 

to the other, or how's that going to work? That's a big concern to me.”  

Respondents acknowledge the additional costs associated with adopting a new 

technology such as the time it would take them to familiarize themselves with the 

technology and the possibility of not receiving the expected returns, particularly in the 

short run. For instance, the ability of big farms and big agribusinesses to cover some of 

the upfront costs associated with running data-driven operations—as well as their ability 

to access the required skills and advice to efficiently utilize such technologies—have led 

some farmers to posit that big data is for “big farming” and not for everyone (Fleming et 

al., 2018). Even those with a contrary opinion felt that the potential benefits to farmers 

may take some time before they are actualized (Fleming et al., 2018). 

 

4.4. Discussion and implications21 

While digital agricultural innovations have the potential to enable farmers mitigate 

and respond to current and future production threats in a collective and efficient manner, 

our findings point out issues that need to be resolved to actualize this possibility. This 

study sheds light on farmers’ engagement in the field of farming and brings to the fore 

considerations that should go into the design of digital agricultural innovations that are 

trusted and actionable. Broadly speaking, the concerns that the farmers express mainly 

stem from the potential features of the innovation, their anticipated interaction with the 

 
21 As part of the translational process adopted for this research, findings from the analysis of the focus 
groups and questionnaire were presented to the scientists involved in the development of the 
technology. 
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innovation, and their attitudes towards various stakeholders involved in the management 

and utilization of the technology. Although the framework of field and habitus provides a 

useful lens for examining the dispositions and relationships shaping the practice of 

farming, it does not underscore the characteristics of the technologies themselves.  

The interest of the CoP in the attributes of the proposed smart and connected 

network was accentuated, encompassing matters related to the feasibility of enlisting the 

required number of participants onto the network, as well as its capacity for quality 

assurance (i.e., the ability of the network to operate in a way that minimizes errors). A 

good starting point in confronting the former challenge could be to streamline farmer 

recruitment efforts by drawing insights from existing models of successful farmer 

networks (Chapman et al., 2016). On the other hand, effective strategies for ensuring data 

accuracy and consistency within the practice of farming will need to be developed, as 

claims of precision in digital agriculture often appear to be speculative (Visser et al., 2021). 

It will also be crucial for these strategies that guarantee data reliability not to be at odds 

with the data privacy goals of farmers—to the degree possible—since farmers are also 

interested in protecting the confidentiality of their data. 

Similarly, the participating farmers also raised issues of data quantity and data 

utilization, and these challenges correlate with the widely acknowledged characteristics 

of big data, referred to as the “4 V’s of Big Data”—volume, velocity, variety, and veracity 

(Lokers et al., 2016). Smart farming is bound to generate very large amounts of data that 

will require data analytic techniques (Bacco et al., 2019). The frustration of farmers in the 

CoP about their inability to utilize both currently available and future datasets suggests 
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that they do not possess the skills needed to analyze them. This implies the need for 

technicians to transform these raw data into meaningful information; thus, giving rise to 

the demand for an additional service or technology. 

Moreover, it was evident from the discussions that the potential costs farmers 

would have to incur could severely restrict their adoption of digital innovations.  Economic 

constraints are among the factors often identified in the literature as limiting the adoption 

of agricultural innovations (Shiferaw et al., 2015; Ruzzante et al., 2021). Consequently, the 

possibility for developers to manufacture devices that are compatible with existing 

farming technologies would need to be explored. Success in this regard would help 

maximize the net-benefits of farmers’ investments by lowering the setup and operation 

costs associated with such new technologies. 

Likewise, there is a need for increased investment in rural broadband deployment 

to provide the requisite telecommunications infrastructure that digital agriculture and 

networking technologies can ride on. Evidence suggests there is a positive impact of rural 

broadband initiatives on high-speed internet use among farmers, as well as on farm sales 

and expenditures (Kandilov et al., 2017). However, these gains presently appear to have a 

spatial gradient and are mainly confined to counties adjacent to densely populated urban 

areas. There is therefore an opportunity to further harness the overall gains of the digital 

agricultural revolution by expanding quality internet access to currently underserved rural 

communities. 

In addition to the specific attributes of the proposed network, participants were 

also particularly interested in the stakeholders that will be involved in the operations of 
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the decision support system. Many of the participants echoed skepticism towards the 

roles of for-profit entities in different aspects of the innovation apparatus, ranging from 

the management of the information being collected from farmers to the 

recommendations that will ultimately emerge from the analyzed data. Some of these 

pessimistic attitudes mirror those acknowledged by previous research (Jakku et al., 2019; 

Wiseman et al., 2019; Zhang et al., 2021). As a result, it may be pertinent to explore the 

practicability of non-commercial organizations and institutions managing such networks, 

and the ramifications of such arrangements.  

On the other hand, it will also be worth the effort from a regulatory and policy 

standpoint to address the specific concerns that farmers have with private companies, 

such as the opaqueness in how data is collected, stored, processed, utilized, and shared. 

It will be crucial to promote greater transparency in agreements involving farmers and 

agribusinesses, as well as to address the existing asymmetry in power relations between 

various actors in the industry (Bronson, 2019; Avelino and Wittmayer, 2016). However, it 

is also important to state that farmers’ attitudes towards different actors in their field of 

farming could also be shaped in part by the inherent behavioral characteristics of farmers 

themselves, such as their general trust levels and risk preferences—which are themselves 

determined by other idiosyncratic characteristics (Nielsen et al., 2013).  

Some other concerns raised by participants in the focus groups have received 

relatively limited attention in the literature on digital agricultural technologies. For 

instance, during the sessions, attention was directed to the way the competitive nature of 

farming could act as a hinderance to the willingness of farmers to share their data. From 
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our results, it appears that farmers may have to be assured that the data they share will 

not hurt their competitive advantage. The dilemma and mechanisms of knowledge 

sharing in relationships that are simultaneously cooperative and competitive (or 

“coopetition”) have been more formally developed and addressed in the fields of 

management and organizational science (Bengtsson and Kock, 2000; Hackney et al., 2005; 

Tsai, 2002; Walley, 2007). This kind of business arrangement allows for the use of shared 

knowledge to pursue common goals, as well as to outperform competitors.  

Within the context of digital agriculture, the challenges that are bound to arise 

from operating such “coopetitive” knowledge-sharing platforms will necessitate a need to 

better understand how to effectively instigate and sustain network participation. It will be 

important to know if, and to what degree, factors such as the size, nature, and exact 

location (or relative proximity) of farmers’ operations will influence their desires to 

participate in these types of network arrangement.  

 

4.5. Conclusion 

In this paper, we provide a discussion of the various factors influencing farmers’ 

perceptions and acceptance of digital agricultural innovations, highlighting the role that 

trust and cooperation play in the likelihood to participate in a smart and connected 

network. Findings from our study highlight the gains to be harnessed when farmers are 

involved in the discovery process of an innovation. The multiple interactions between 

scientists and potential end users in this participatory process allows for the creation of a 
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feedback loop that shapes the stakeholders’ values, constraints, needs and likely 

responses.  

In situations where the effectiveness of the innovation depends on the willingness 

of users to collaborate (e.g., sharing quality data to produce high resolution information 

for an early warning system to threats), scientists involved in the creation and deployment 

of the new technology have a higher likelihood of developing an innovation that is trusted 

and actionable by engaging farmers in networks early in the innovation pathway. This 

engaged and continuous dialogue will help uncover the concerns farmers anticipate 

having within the network or with the stakeholders that will be involved in some part of 

the technology’s functioning. Addressing these concerns in a timely and cost-effective 

manner will ultimately lead to the provision of the appropriate tools farmers need to 

effectively respond to both current and emerging agricultural challenges in a coordinated 

way. 

A limitation of this study is that the data utilized came from a relatively small 

sample size. Also, the participants in the focus groups were conveniently selected through 

a growers’ association. As a result, we may not have achieved data saturation for the goals 

of the study as it is possible that some unique perspectives from those not in this network 

of farmers may have been missed. Furthermore, as pointed out earlier, the farmers in the 

CoP could be considered as early adopters and more technologically savvy than the 

average farmer. Although several potential factors that could constrain participation in a 

novel smart and connected farm network were highlighted during the focus group 

discussions, the views expressed may still be more optimistic than those that would have 
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come from farmers who are late adopters. Future studies could seek to use a more 

representative sample of farmers to capture a wider range of views and experiences 

relating to the use of digital agricultural technologies in collaborative contexts.  
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CHAPTER 5. CONCLUSION 

 

The world we live in is characterized by various kinds of change, ranging from 

environmental, to social and technical. Some of these changes are becoming more rapid 

and complex, for instance climate change and variability. This dissertation sought to 

contribute to the understanding of actions and processes that are associated with 

individual and communal responses to such changes and scenarios of uncertainty. The 

first essay in this dissertation provided an overview of studies on the resilience of rural 

households and offered a systematic classification of concepts and issues to further guide 

multidisciplinary research efforts on the subject matter. The second essay assessed the 

factors that help to limit the vulnerabilities of agro-pastoralist households to 

environmental hazards in the Bolivian Altiplano. Whereas the final essay investigated 

farmers’ perceptions about participating in a smart and connected farm network, 

highlighting factors that influence the adoption of digital agricultural innovations within a 

collaborative context. 

Together, the essays in this dissertation shed light on the strategies that can 

contribute to the achievement of sustainability goals. From highlighting the importance 

of reflecting the perceptions of decisionmakers in resilience analyses, to emphasizing the 

need of facilitating communication between end-users and developers in a bid to uncover 

potential concerns that may hinder adoption of new technologies, the studies carried out 

in this dissertation reveal ways in which adaptation efforts can be strengthened. The 

findings and recommendations from these essays are relevant for various stakeholders 

including policy makers, development practitioners and researchers as they provide useful 
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insights into decisions of agents in different contexts. These discoveries can guide the 

design of policies and interventions that aim at improving households' livelihoods and 

other resilience outcomes, as well as inform research on the kinds of mitigation and 

adaption strategies that will be appropriate in various settings. 
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