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Abstract
A reality-design gap in the conceptualization and practice of digital agriculture has been systematically reported in the lit-
erature. This condition is favored by the lack of understanding and inclusion of local worldviews around digital technologies. 
Informed by Amartya Sen’s capabilities approach, this study looks to bring stories of local appropriation to the spotlight. 
Based on a qualitative approach that included data collected through interviews with 73 households, the authors explored 
the way in which two selected communities of Colombian coffee growers are engaged in the use of digital technologies in 
material and symbolic ways. Three emergent themes—a relational way of farming, (dis)connected machines, and nurtured 
families and communities – articulate multiple interactions between farmers, farms, institutional programs, and technologies, 
that originate local forms of digitalization (and non-digitalization). This study points out the relevant role of situated ideas 
of development in positioning technologies in or out of the farm, and broader digitalization agendas in or out of farmers’ life 
projects. At the same time, it presents a critique of notions of universality that drive unquestioned quests for technification. 
In contrast, building on a relational perspective, this study calls for embracing a perspective of multiplicity within notions 
of development and innovation.
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Introduction

A gap between the perspective of developers and proponents 
of digital technologies (electronic tools that generate, store, 
process, transmit, display and use data) and the reality of 
farming communities has been systematically reported in 
the social literature on digital agriculture and on Informa-
tion and Communication Technologies for Development 
(ICT4D) (Prost et al. 2012; Heeks 2002; Dodson et al. 2013; 
Contreras-Medina et al. 2020; Rose et al. 2018; Eastwood 
et al. 2019). Some argue that a common practice in digitali-
zation in agriculture is to embrace a dominant development 
paradigm that fails to recognize the existence of multiple 
interpretations of the world, notions of development, and 
ideas of a desirable future (Beguin et al. 2012; Zheng 2009). 
Critical views argue that digital agriculture is dominated by 
a productivist and technocentric perspective of development 
(Bronson 2018; Bronson and Knezevic 2016; Kuch et al. 
2020; Lajoie-O’Malley et al. 2020; Rotz et al. 2019a; Wolf 
and Wood 1997). This dominance not only contributes to 
originating practices of scientific inquiry, industrial produc-
tion, and policy design, that continue the reality-design gaps 
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(Rose et al. 2018; Macmillian 2018), it also prevents the 
recognition of users’ preexisting knowledge (Coggins et al. 
2022). In fact, on ground digitalization trajectories seldom 
match mainstream discourses and agendas that are becom-
ing dominant in research, practice, and policy (Forney and 
Dwiartama 2023).

Even the research under the scope of responsible innova-
tion (see Bronson 2019; Hellström 2003; Owen et al. 2013; 
Stilgoe et al. 2013), which advocates for a more inclusive 
approach in the design of digital technologies, tends to nar-
row down the possibilities to understand alternative perspec-
tives of development, as it is often mainly concerned with 
identifying the mechanisms to promote the uptake of digital 
technologies, without much reflecting on what uptake really 
means for the communities, or whether it is actually their 
desired development pathway (Kleine et al. 2012; Zheng 
2009). In the process of appropriation, the decision to reject 
a technology is as meaningful as the decision to use it. This 
conception challenges general assumptions associated with 
techno-centric perspectives of development. While from a 
techno-centric perspective, a lack of ‘adoption’ tends to be 
interpreted as a problem of access and digital literacy, in 
practice, the issue is much more complex.

To present an agency-centered perspective on digitaliza-
tion, the aim of this study is to explore the current ways in 
which two selected coffee growers’ communities nestled in 
the mountains of Colombia are engaged in the use of digital 
technologies in material and symbolic ways. Namely, the 
position that these technologies have in their imaginary. The 
study particularly aims to understand how these technologies 
are integrated into the farming practices and life strategies of 
these communities. It recognizes local perspectives of devel-
opment as powerful drivers of technological appropriation. 
By doing this, we look to move local stories of digitaliza-
tion from the fringe to the center in critical debates around 
digital agriculture.

The relevance of this lies in an existing gap in the way 
the analysis of rural digitalization has been approached. In 
contrast with “spotlight digitalization” (Forney and Dwiar-
tama 2023), and the diffusion of technologies (particularly 
from a linear perspective), the forms in which local com-
munities are already engaged in the use of these technolo-
gies in their own terms are continuously neglected (Rose 
et al. 2018, 2016; van Delden et al. 2011; Rose and Chilvers 
2018). For this reason, the examination of unfolding local 
interactions with digital technologies outside the frame of 
particular developmental interventions or deployments of 
specific digital tools remains a blind spot (Rose and Chilvers 
2018; Rose et al. 2018). This paper looks to contribute to 
the literature by analyzing one of these highly contextual 
processes of digitalization and linking it with broader nar-
ratives of digitalization. We look to provide evidence on 
the way local processes of digitalization unfold in unique 

forms, potentially divergent from these broader narratives 
and digitalization agendas. This is conducted through the 
articulation of the different ideas of development that farm-
ers and proponents of digital agriculture can hold, pointing 
out the negotiations and tensions that occur in the space of 
interaction.

Emerging social research that examines processes of cul-
tural appropriation and perceptions towards digital technolo-
gies in agriculture has predominantly centered around the 
Global North (Klerkx and Rose 2010; Rose et al. 2018), 
and in industrial farming contexts (Bronson 2019). For this 
reason, there is a pressing need to overcome geographi-
cal and cultural bias in research about digital presences 
in rural spaces (Cieslik et al. 2018; Mann 2018; Sulaiman 
et al. 2012; Ash et al. 2018). Building on emerging con-
tributions such as Dwiartama's work in Indonesia (Forney 
and Dwiartama 2023), and Abdulai's work in Sub-Saharan 
Africa (Abdulai 2022), we look to contribute to the body of 
literature centered in the Global South with a local analysis 
of digitalization in the smallholder family-type farms setting 
in Colombia.

For the analysis, we adopted a human-centered approach 
based on Sens’ capabilities framework (1999). Under this 
framework, resources only become assets when they can be 
used by individuals to accomplish the life they value. This 
idea opens the possibility to explore multiple development 
perspectives. Through this conceptualization, we focused 
our analysis on the opportunity for people to use technolo-
gies to achieve their own particular goals, rather than on how 
technologies fulfill aspirations of dogmatic notions of devel-
opment (those that compare development with economic 
growth or modernization). Thus, we were concerned to first 
understand what elements configure a valuable life for these 
communities, and next, how they use digital technologies to 
support the accomplishment of this life. Following a rela-
tional perspective (Higgins 2006; Darnhofer 2020; Forney 
and Dwiartama 2023), we conceive that farmer’s agency in 
this process of appropriation is shaped by occurring interac-
tions between knowledge, value systems, social institutions, 
and the agency of non-humans (land, plants, animals, tech-
nologies), in the search for integrating technologies into the 
life they find valuable.

The paper is structured as follows. The section below 
reviews the capabilities approach and its application in 
explorations of the appropriation of digital technologies. 
Subsequently the research methods adopted for this study 
are presented. The next section describes the findings of 
the study, which are organized around three themes that 
emerged from the data: a relational way of farming; (dis)
connected machines; nurtured families and communities. 
These themes articulate the different social and material 
interactions that shape local engagement with digital tech-
nologies. Local values that underpin this process are also 
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contrasted with those expressed in dominant narratives of 
digital agriculture. Thereafter, the findings are discussed in 
relation to existing literature on rural local ontologies and 
the appropriation of digital technologies for agriculture. We 
conclude by summarizing the main findings, and suggesting 
relevant epistemological considerations to study the role of 
digital technologies in the lives of farmers, their families, 
and their communities, highlighting the evidence that shows 
that rurality is a world of many worlds.

Capabilities approach, agency, and farmers’ 
interactions with technologies

Sen (1999) defines development as the freedom that people 
have, to live the lives that they value. In contrast to more 
orthodox notions that make development a convention com-
parable to economic growth, this perspective focuses on the 
expansion of people’s agency to pursue their own goals in 
life as the basis for human development (Kleine et al. 2012; 
Zheng et al. 2018; Jiménez and Zheng 2018; Poveda and 
Roberts 2018). Development goals, consequently, are not 
fixed but contextual and multifaceted. Financial resources 
and production can be inputs to build development as much 
as the protection of freedom, political participation, socio-
cultural practices, norms and traditions, or the provision of 
public goods (Crocker and Robeyins 2012).

Central to Sen’s conceptualization of development are 
the concepts of functionings and capabilities (Kleine et al. 
2012). Functionings refers to the various things a person 
can value doing or being in life, while capabilities are the 
functionings that a person can actually achieve (Sen 1999). 
According to this approach, the ends of well-being and 
development should be assessed in terms of people’s capa-
bilities and choice, that is, their effective opportunities to 
be who they want to be, and the possibility to choose from 
these opportunities, the options they value most (Crocker 
and Robeyins 2012). In the process of articulating his capa-
bilities approach, Sen (1985) described that the freedom to 
undertake the actions and engage in the activities that lead 
to a state of existence associated with well-being is what 
makes life valuable. Following the work of Sen, Carolan 
(2018) expressed that goods, services, and rights have no 
intrinsic value; it is the possibility of using these resources 
to produce valued outcomes that transforms them into assets.

Building on this perspective, technologies can be consid-
ered assets if they can be used to obtain meaningful goals in 
life, if chosen to do so, resulting in the expansion of human 
capabilities. The idea that technologies can be perceived as 
“enablers to the pre-existing capabilities of human beings” 
(Banerjee 2013 p. 79) alings with this value of technologies 
as a tool for the expansion of human-development. A conse-
quence of this idea is the transition from a technological to a 

human-centered perspective in technology studies (Madon 
2004). Following the capabilities approach, in this work we 
place farmer’s agency at the center, rather than the techni-
cal possibilities of the technologies. This approach requires 
paying special attention to the motivations that drive a per-
son’s actions, and their adaptive preferences (Peter 2003). It 
also involves understanding technological appropriation as 
an active process of selecting, rejecting, and adaptating, in 
the search of living a valuable life. Agency can be exercised 
individually and collectively, and does not always mean pur-
suing one’s own self-regarding goals. It can also involve 
helping other’s to achieve their goals or forming associations 
to pursue common goals (Crocker and Robeyins 2012). This 
idea of technological appropriation highlights the agency of 
farmers in constructing technologies, echoing Sen’s propo-
sition that individuals and groups themselves should shape 
their own destiny, and be active participants in change, rather 
than passive recipients of assistance (Sen 1999). This under-
standing links the capabilities approach with the idea that 
technologies are socially constructed (Bijker 1995; Hughes 
1987; Orlikowski 1992).

Farmers are rarely passive participants in farm innovation 
(adopters), but rather transformation agents through resist-
ance and negotiation with other human (e.g. peers, develop-
ers, promoters, practitioners) and non-human agents (e.g. 
plants, animals, machines, computer programs). Simultane-
ously, technologies contribute to reshaping the social con-
text within the farms. Cash et al. (2006) argue that “new 
technologies are not adopted as if they were ready-to-wear 
fashion but rather sewn, in bits and pieces, into the fabric 
of the users’ social setting and existing practices” (p. 474). 
Accordingly, the meaning of a technical artifact is not only 
the result of design, but is also given through the process 
of interaction with the technology (Pirnejad and Bal 2011). 
Thus, the meaning and performative role of technologies 
can not only change over time but can also be different for 
different actors (Sterne 2003).

Capabilities and personal agency, however, are not 
solely the result of the intrinsic capacities of the individual 
(Crocker 2008), but rather are entitlements made possible or 
constrained "by the social, political and economic opportu-
nities available to us" (Sen 1999 p. xi-xii). The set of these 
opportunities is described by Alsop and Heinsohn (2005) as 
the 'opportunity structure', which is the constellation of "psy-
chological, informational, organizational, material, social, 
financial and human assets" (p. 8) that a person has at hand 
to make meaningful choices. The opportunity structure is 
determined by both formal and informal institutions, such as 
laws, social norms and customs, which ultimately result in 
varying levels of empowerment (Kleine et al. 2012). Social 
structures, including policy-making, industry, markets, and 
scientific production, the assemblages of these structures, 
along with the institutions that they generate, play a crucial 
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role in driving socio-technical pathways – both those that 
are allowed and those that are not (Klerkx and Rose 2020; 
Pigford et al. 2018), through the technical projects and the 
imaginary supporting those projects (Gidley 2017). On the 
other hand, technology itself is an important component of 
the opportunity structure. First, it influences people’s behav-
ior and has the capacity to shape political systems and social 
relations that distribute power and authority (Winner 1980). 
Second, as previously described, technologies can be used 
as assets to achieve a valuable life.

The agency of farmers is not absolute, as it is constantly 
shaped by material relationships established with tech-
nological and biophysical entities and contexts. It is well 
known that farmers continuously have to 'negotiate' with and 
work around uncontrollable weather, unruly plants, diseases, 
breakable machines, and financial constraints (Darnhofer 
2020). Complex biophysical settings, for example, have been 
recognized as challenging scenarios for processes of indus-
trial transformation of agriculture (Goodman et al. 1987), a 
relationship that favored processes of agricultural homog-
enization for the sake of industrialization. On the other 
hand, agricultural landscapes are also a product of cultural 
forces. Therefore, biophysical arrangements are also shaped 
by farmers’ values and goals, and their quest for a valuable 
life. The concept of 'tinkering' as it is used by Higgins et al. 
(2017), is useful to understand the operation of agency in 
technological appropriation on farms. They describe tink-
ering as a process of ‘negotiation, work, and work around’ 
technologies in response to technical and biophysical con-
straints. However, it is also about using the affordances of 
these technologies to care for their farms. We argue that this 
process is heavily influenced by cultural relations, given that 
tinkering is an interpretation and adaptation (physical and 
symbolic) of technologies by farmers, to align with local 
farming practices and identities.

Technical attributes of technologies have a significant 
impact in the possibilities they afford to farmers, how they 
are used, and the operational requirements. Therefore, these 
attributes also shape the agency of farmers. In the context of 
digitalization, asymmetrical access to connectivity, energy 
sources, equipment and devices, and information, which has 
strong rural dimensions (Pfeizer et al. 2020), favor processes 
of hierarchization and exclusion, commonly referred to as 
the 'digital gap'. This refers the gap between the techno-
logical haves and have nots (Rama and Wilkinson 2023). 
On the other hand, interactions with non-human agents also 
shape farmer’s agency and their interactions with technolo-
gies (Higgins 2006). Relational approaches in rural soci-
ology call for understanding farms as entities with agency 
and affectivity (Darnhofer 2020). These attributes influence 
the way farmers engage with technologies responding to 
the agency of the farm. Recognizing these properties in the 
farm and its different elements allows the understanding 

that agricultural technologies, when interacting with plants, 
animals, and the land (which they permanently do), are not 
simply ‘governing’ passive entities, but establishing rela-
tionships with agents with affective and decision capacity. 
Moreover, the process of digitalization is reframing notions 
of agency in rural studies. Algorithms, smart devices, and 
automated machines, act in material and regulative ways in 
the cyber, physical, and social spheres, affecting the agency 
of human and other non-human agents (Lioutas et al. 2019; 
Rijswijk et al. 2021).

To summarize, we argue that using the capabilities 
approach to explore social interactions with digital tech-
nologies presents the next conceptual implications in our 
analysis. First, through the concept of ‘functionings’, it is 
recognized the coexistence of multiple ideas of personal 
and collective development, and correspondingly, multiple 
development pathways. Second, this approach integrates the 
idea that technologies are socially constructed, acknowledg-
ing the active role of farmers in innovation through processes 
of selection, adaptation, appropriation, and rejection in their 
quest to live the life they value. Third, the concept of ‘oppor-
tunity structure’ allows to explore the ways in which social 
structures and the institutions they do or do not engender, 
and material relationships between humans and non-humans, 
enable, constrain, and mold farmers’ interaction with digi-
tal technologies. In other words, the notion of ‘opportunity 
structure’ implies that agency is co-constructed.

Methods

Context of the study

This study examines the relationship between digital tech-
nologies and two coffee-growing communities in Colom-
bia, analyzing their current material and symbolic interac-
tions. For this examination, we followed a human-centered 
approach, informed by Sen’s capabilities approach.

The first community is located in the northern part of 
Colombia, in the Sierra Nevada de Santa Marta mountain 
range, which is the highest coastal mountain range in the 
world. It is also one of the geographical indications (GI) for 
Colombian coffee (national system), and was awarded the 
Protected Designation of Origin (POD)1 in 2017 (European 

1 Geographical indications (GIs) are names given to products that 
present unique qualities associated with their area of origin. The Pro-
tected Designation of Origin (PDO) is a form of regulation that certi-
fies that i) a product is originated in a defined area, ii) that its qualities 
are defined by the geographical environment with its inherent natural 
and human factors, and iii) that the production and processing take 
place in the defined geographical area (European Commission 1992).
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system). The second community is located in the central-
western region of the Colombian Andes, in one of the 
regions with the greatest tradition of coffee production in 
the country (Fig. 1). Both communities share characteris-
tics of the UNESCO World Heritage site named the 'Cof-
fee Cultural Landscape' (Muñiz 2016), a designation that 
encompasses a combination of agroecological conditions, 
socio-economic processes and cultural identity, all built 
around coffee production. Some of the representative ele-
ments of this cultural landscape present in the communities 
of this study, as well as in other coffee-growing communities 
in Colombia, are characterized by the dominance of Arabica 
coffee plantations in a mountainous terrain. The production 
is dispersed and carried out predominantly by smallholder 
growers living in isolated areas with limited infrastructure. 

The two communities also have a long farming tradition, a 
wealth of experiential knowledge, and a strong shared cul-
tural identity. While there is high participation in farmer’s 
cooperatives, the family acts as the central unit of social 
organization, around which, life strategies and decisions are 
coordinated. Table 1 presents some geographical and agri-
cultural characteristics of the sample included in this study.

Not only in the study areas but throughout the country, 
the institutional framework for technological transfer in the 
coffee sector is represented by the Federación Nacional de 
Cafeteros (FNC). This federated organization is the central 
authority involved in policy making, research, extension, 
and trade in the Colombian coffee sector. It has even been 
delegated by the national government to regulate the industry. 
Historically the FNC has played a key role in processes of 

Fig. 1  Location of the areas of 
study

Table 1  Geographical and agricultural characteristics of the sample included in this study

Community Region Municipalities Production model Average 
farm area 
(Ha)

Hired labor Altitude above sea level

Sierra Nevada de Santa Marta Caribbean Santa Marta
Aracataca

Organic 5 Yes 1300—1900

Cetral-Western Andes Andean Santa Rosa de Cabal
Concordia
Betulia

Conventional 16 Yes
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innovation. For example, it has set technical guidelines 
for agricultural practices (De La Hoz Montes et al. 2019; 
Guerrero et al. 2017), implemented the national genetic 
program to develop new coffee varieties (Alvarado-Alvarado 
et al. 2005), promoted technological packages related to 
industrialized production (monocultures with synthetic 
inputs) (Camargo and Espitia 2016), mechanization and 
technification of production and processing and more recently 
encouraged a shift towards production oriented to specialized 
markets linked to quality and sustainability standards (Dietz 
et al. 2019). On occasions, pushing these transformations 
by exerting its influential position over farmers (Sanabria-
Gómez and Caro-Moreno 2020). The FNC has also ventured 
into the field of digitalization, with initiatives such as a smart 
card for the identification of coffee growers and for monetary 
transfers (Marín-Torres 2008) and delivering tablets to access 
digital content related to coffee production (Zapata and Marín 
2015). According to Zapata and Marin (2015), in 2010, 700 
of these tablets were delivered in the same region where 
community 2 is located; however, during this study there 
was no evidence of their use or that this program was known 
by the farmers.

Data collection and analysis

The data collection took place between December 2021 and 
January 2022. Two of the authors had previous access to 
the coffee grower communities. One of the authors already 
had research experience with one of the communities (See 
Quiñones-Ruiz 2021). The research plan was presented to 
representatives of both communities who expressed their 
interest and consent to participate in the research.

Data were collected through semi-structured interviews. 
The interviews were conducted at the household level, mean-
ing that, in addition to farmers themselves (F), other family 
members, such as the farmers’ partners (P), and the children 
(C), voluntarily participated in the interviews. We made this 
decision paying attention to the central role of family in the 
coffee farms and following the idea that decision making on 
the farm is a process of deliberation between various family 
members (Darnhofer 2020). In total 73 household interviews 
were conducted (Table 2). All participants were informed of 

privacy and ethics practices, and their informed consent to 
participate in the research was secured.

Access to the interviewees was obtained through three 
different strategies. The first strategy consisted of conduct-
ing interviews directly on the farms. The second strategy 
involved conducting interviews in meetings organized by 
the coffee producers’ organizations. A total of three such 
meetings were attended in the Sierra Nevada de Santa Marta 
area. No meetings took place while the researchers were in 
the community of the Andes. The third strategy involved 
interviewing farmers on the spot when they went to sell their 
dry parchment coffee to the buying points. A total of five of 
these sessions were carried out (three in the community of 
the Andes, two in the community of the Sierra Nevada de 
Santa Marta). The interviews lasted between 35 and 90 min 
each time and covered the current use and perceptions of 
everyday digital technologies such as mobile phones, smart-
phones, computers, tablets, and other technologies closely 
associated with digital agriculture such as drones and robots. 
The questions focused on the role of these technologies in 
everyday practices, the main goals, aspirations and chal-
lenges of the household, and how the role of these tech-
nologies is understood in relation to these aspects- They 
also covered general attitudes towards these technologies, 
including elements of trust in the devices and the informa-
tion, and perceived benefits and risks derived from their use.

Interviews were digitally voice recorded and subsequently 
transcribed in the original language (Spanish). Manifest and 
latent content analysis of the interview transcripts were con-
ducted using inductive coding (Charmaz 2006) to identify 
emerging themes. These themes helped to uncover pat-
terns of use, underlying perceptions, and the association of 
technologies with the life interviewees value. The themes 
emerged from the reported uses and perceptions addressed 
in the interviews.

Results

From the interviews three different themes emerged that 
articulate the uses and perceptions of digital technologies 
by these communities of coffee farmers. These themes will 

Table 2  Number of interviews 
conducted in each selected 
community

Community Role Number Average age Average experience 
with coffee (years)

Sierra Nevada de Santa Marta Farmer (F) 22 52 30
Partner (P) - -
Children (C) 3 22

Cetral-Western Andes Farmer (F) 36 50 35
Partner (P) 8 57
Children (C) 4 19
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be identified here as a relational way of farming, (dis)con-
nected machines, and nurtured families and communities.

A relational way of farming

Respondents’ descriptions of work and life on the farms 
largely speak about the practice of a relational way of farm-
ing. Labor is described as a process of reciprocal, non-
hierarchical, relationships with the different elements of 
the farm, such as soil, water, plants, and animals. The rela-
tional way of farming, as described by the interviewees, also 
highlight the importance of social relationships with family, 
workers, and peers, which is further explored in the third 
theme. According to the respondents, the reciprocal relation-
ship with the farm is what allows them to learn from direct 
experience with the land and achieve their goals through 
processes of dialogue and 'negotiation'. This is reflected in 
the way they describe their experience of farming.

The land has taught me a lot, when you are in the plot, 
walking through the trees, talking to the trees, looking 
at the tree, you begin to merge with it, and then we 
become friends (F5).
This farm is an example of sustainability, she2 remains 
beautiful in good times in bad times, you have to keep 
her in good shape because she must respond with pro-
duction (F6).

It is described that direct experience with the land is 
essential for being a ‘good’ farmer and an important com-
ponent to build a sense of identity and pride. Some inter-
viewees expressed that digital technologies do not occupy 
a relevant place in farming practice; on the contrary, they 
are generally perceived as sources of interference with the 
direct relationships that underpin and signify the experience 
of being a farmer. Technologies with which they are familiar, 
such as cellphones, smartphones, computers, and tablets, 
are perceived to belong to a different sphere than farming 
practice, incompatible and non-applicable in the fieldwork. 
Consequently, they are not perceived as relevant components 
of their opportunity structure for farming. The interaction 
with these technologies is downgraded, while “hands-on” 
work occupies a central position. Experiential knowledge 
and the associated ability to interpret the components of 
the farm themselves and make decisions autonomously are 
essential functionings, being relevant sources of self-confi-
dence and pride.

Here (showing a cell phone) I look for calls and make 
calls. It's just that I haven't started to explore it either. It 

is that I am very ignorant, although, for example, what 
do you (referring to the interviewer) know about cultiva-
tion? One was born in this (the plantation), one knows 
from sowing the seed to make it to produce (F21).
My job is not on the computer, my job is simply field man-
ager, and the field is not managed with a computer (F27).

Technical attributes of smartphones, computers, and 
tablets, also play a role in the way the interviewees posi-
tion these technologies on the farm. In general, they are 
perceived as fragile devices, not compatible with harsh and 
uncontrollable fieldwork conditions. Farmer 17 describes 
this perception in the following way:

A smartphone is very good, but is very fragile, and you 
are very dedicated to the work, smeared with so many 
things. What is one going to do with it? So, one doesn’t 
use it, one working cannot use that (F17)

An antagonistic relationship is not only described in 
terms of the device’s inability to withstand common farming 
conditions, such as water, dirt and falls.3 It is also associated 
with the idea that, farmers themselves, precisely because 
of being exposed to those harsh working conditions dur-
ing their life, do not fit with the operation of these 'fragile' 
devices. In other words, farmers are 'made' for work in the 
field; digital technologies are not.

What happens is that I am very manual at work. I keep 
my hands very stiff due to rustic and manual work, so 
the digitization is not so fast for me, I am trained for 
something else, I have very heavy hands (F6).

Contact with the land is also a fundamental component 
of rural identity, providing a sense of enjoyment in work-
ing and living on the farm. "Feel good," "like," and "enjoy" 
are expressions that appeared recurrently when interviewees 
narrate their work and life on the farm, expressing a cor-
respondence with their functionings. This does not mean 
that rural work and life is considered free of difficulties, but 
it reflects the existence of fundamental values and benefits 
(more often intangible) in this life. As expressed by Partner 
2: “Despite the difficulties we like it, we like the farm, we 
like the coffee. From the farm, one gets what one needs.”

Interviewees continuously contrast values of rural life, 
such as freedom, tranquility, abundance, and more natural 
and healthier environment, with contrasting conditions of 
living in the cities, such as traffic, stress, insecurity, high 
living costs, or noise. This distinction helps to signify the 
value of living and working on the farm, linking this life-
style with positive feelings. These conceptions have different 

2 Farm in Spanish language, the mother tongue of the interviewees, 
is female.

3  Mobile phones are considered more resistant and therefore more 
compatible with field work, at difference with smartphones, it is more 
common to bring these devices to the plots.
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consequences on the way these communities perceive and 
use digital technologies. Occasionally, these technologies 
were associated with urban life and the loss of contact with 
nature. In the words of Partner 6: “In my time, we did not 
have internet, and well, I think that everything was better. 
We had the childhood of being up in trees picking man-
goes.” For some other respondents, digital technologies can 
actually fit into the experience of living and having contact 
with the farm. These situations are prone to trigger engage-
ment with technologies such as smartphones and tablets 
since the interviewees acknowledge an alignment between 
these technologies and elements of a valuable life. Farmer 7 
described his experience with these technologies as follows: 
"I like having a good smartphone because of the pictures. 
I take videos and pictures; they are very beautiful." When 
asked about the videos and pictures he takes, he proceeded 
to explain "everything, different pictures and videos, I can 
take a picture of a tree, a coffee plant, a machine, a person, 
myself, in the house, everything.” In this case, a smartphone, 
serves as a tool for documenting evoking both living and 
inanimate elements of the farm, as well as facilitating a 
meaningful connection with these elements. Thanks to this 
affordance, it becomes an integral part of their opportunity 
structure.

The capabilities approach contributed to identifying a 
set of values associated with working and living on farms. 
These are underpinned by a relational ontology. In turn, 
these values contribute to locating digital technologies both 
on and off the farm.

(Dis)connected machines

Interviewees were asked to describe their perceptions of 
emerging technologies such as drones and robots and were 
invited to reflect on the role of these technologies in agricul-
ture. The intention was not to compare them to technologies 
like mobile phones, smartphones, tablets or computers, as 
they belong to different categories. Although the respondents 
had not physically interacted with these technologies, they 
all indicated having an idea about them, and symbolically 
positioned them in the farm, farming practice, and commu-
nity. During the interviews, it became evident that two key 
elements influenced the interviewees’ conceptions of these 
technologies. First, elements of science fiction, especially 
the representations in cinema -where robots are predomi-
nantly portrayed as a threat to humanity-. Second, a pilot 
project for the mechanization of coffee harvest in Colombia, 
carried out by the FNC as part of their broader innovation 
program. These elements intertwined with the ontology of 
the relational way of farming, have resulted in particular 
perceptions and attitudes towards these technologies.

From “wonderful” to “scary,” the interviewees expressed 
different ideas about robots and their role in the practice of 
agriculture. Regarding the mentioned pilot implemented by 
the FNC, the proposed technology consisted of a handheld 
brushcutter-like machine that made the coffee fruits fall to 
the ground by means of vibration applied to the branches of 
the trees. Due to a lack of distinction between green and ripe 
fruits, and the steep slopes of the plots that caused the fruits 
to roll downhill, this technology did not produce the expected 
results. However, the project was widely disseminated, 
appearing in national news (Noticias Caracol 2018), and on 
the FNC's social networks (FNC 2020). The process consti-
tutes a clear case of a reality-design gap, linking institutional, 
technical, and biophysical elements, and resulting in lasting 
consequences on the attitudes of these communities towards 
mechanization and automation. Most interviewees referred 
to this pilot and its lack of effectiveness when describing 
their own ideas about the opportunities of emerging technolo-
gies in coffee production. In this way, a process of innova-
tion emerged from the institutionality contributed strongly 
to develop generalized distrust towards the ability of robots 
to work on the farms. On the other hand, some respondents 
expressed seeing robots as a promising opportunity. The fol-
lowing quotes illustrate these contrasting conceptions:

I kind of still don't believe in that, because the robot, 
well, it would be an important thing like in an office. 
They (the FNC) brought a harvesting machine here 
and that didn't work, that machine didn't work (F53).
How nice it would be to place a fungicide can on a 
robot, and with that spray the coffee. If that existed to 
spray the coffee from the air, that would greatly help 
to avoid carrying the sprayer and having contact with 
the fungicide (F13).

From the interviews two orders of incompatibility 
between robots and coffee production surfaced. Contributing 
to raise the skepticism in these technologies. The first order 
is located within a symbolic-technical relation, expressed in 
a perceived mismatch between the skills needed to be a good 
coffee grower (harvester to be more precise) and the agentic 
(in)capacity of the robots. The second order can be described 
as a perceived incompatibility between machines and nature.

For most interviewees, producing coffee requires a par-
ticular 'know-how.' That is, particular skills, meticulousness, 
and sensitivity, even “passion” or “love” as some respond-
ents expressed. It also requires the ability to adapt to dif-
ferent contexts and to act effectively in conditions of high 
complexity and variability. For the interviewees, these abili-
ties cannot be developed by robots because they are associ-
ated with experiential knowledge obtained through several 
years of work, and some capacities inherent to the human 
condition such as empathy, instincts and sensitivity. It was 
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described how the value of coffee is given by the dedicated 
work of human beings, and attributes of the quality of coffee 
were associated with a handcraft process. It is perceived that 
the introduction of machines would affect the quality and in 
general would be against the philosophy behind producing a 
'good' coffee; a component of the relational way of farming 
and driver of their functionings around working and living 
on the farm.

Coffee is so artisanal and it should be so artisanal. 
Obviously, you must create conditions for the work not 
to be so difficult, but I think that so much technology 
could really affect the coffee process, because if you 
know about coffee, you know that in such dedicated 
selection, in such dedicated washing, there is a good 
cup of coffee. So, it would really be a bit mechanized, 
doing it with robotics or so much technological tools, 
could lose that quality (C7).

An established interaction between the biophysical char-
acteristics of the farm and the technical attributes of robots 
also contributed to attitudes of mistrust in the capacity of 
these machines. Interviewees stated it clearly: robots are not 
suitable for working on the mountainous terrain that charac-
terizes the coffee plots.

It is a risk (that a harvesting robot) loses control in the 
coffee plot and damages it, or that it rolls over and falls 
on a person (F22).

The farm as a whole, along with its various biotic and 
abiotic elements, are endowed with sentient capacity by 
practitioners of relational farming. Fundamental elements 
of this conception, such as empathizing and caring, contrib-
ute, in turn, to defining certain positions towards robots and 
their place in the farm. For several respondents, the pres-
ence of robots can be detrimental to the farming experience 
by disturbing the natural environment where the practice 
of farming takes place. Some interviewees pointed out that 
robots and machines in general are not only incompatible 
with nature but can also do harm or reduce its well-being.

Mechanize the coffee system? No. Coffee is a domestic 
animal that requires love, and this can be in person 
only. I don't see it, because the plant is stressed and 
if the plant is mistreated, production and quality will 
drop. For example, machines produce noise, I believe 
that vegetable matter is incompatible with noise, the 
wild system is better. To add a strange element to 
live with them, such as mechanization, I don't think 
it’s favorable. Let's look at the plants on the farm, I 
can show you an example, you cannot compare this 
banana plant with any other in the farm, and this is 
not because it has a special treatment, the same, but it 
has better foliage, better bunches. It was planted next 

to my office, what can we observe? The plants that are 
participating in community life realize what it means 
to live in a community, and give a better response. So 
look, we're not telling lies, we're talking about facts. So 
one says, well, could it be that if we mechanize, we add 
noise, we mistreat the plants mechanizing them, will 
we have better quality or better well-being? No (F34).

A relational way of farming creates connections with the 
land. However, more commonly, there are perceived discon-
nections with digital technologies. In these interactions, the 
technical attributes of mobile phones, smartphones, tablets, 
computers, drones, and robots, and their relationship with 
biophysical contexts and their agentic capacity shape these 
positions. This does not mean that these technologies cannot 
find a place within these agricultural communities. From a 
capabilities lens, when these technologies are paired with the 
elements that these communities consider valuable in life, 
perceptions and appropriation take a different form. This is 
represented in the third theme.

Nurtured families and communities

Exploring the elements that farmers find valuable in life 
revealed the centrality of family. The main goals are to 
ensure that the family remains together, promote collabo-
ration between its members, progress and thrive, and take 
care of the home, including maintaining and improving the 
physical spaces where they live.

The small farm is the most solid, 2 to 3 hectares are solid 
because you involve your work, your time, part of the 
family labor, and you can generate a good standard of 
living because everyone works for the family group (F6).

Technologies such as mobile phones and smartphones 
have become important tools for communication and for 
maintaining connections between family members. These 
technologies are deeply integrated into people’s routines and 
life strategies. Consequently, significant economic resources 
are allocated to access these devices and grant connectivity, 
despite the economic burden that this represents. Time is 
also invested in carrying out autonomous learning processes. 
If digital technologies do not have a material and symbolic 
place in the plots, they do occupy a relevant place on farms, 
within homes and in family life.

Well, to me, they are very good (digital technologies), 
it also depends on knowing how to use them, but it is 
very good, because if one realizes it, you are not with 
your family, but the way you communicate, it is as if 
you were with them (P4).
When I need something, I call. I found it difficult, com-
plicated, as I tell you, one is not used to these kinds of 
devices, but the saying goes that nothing is difficult. 
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The children, one has the children to help them, what 
one wants is to have these technologies to have com-
munication with them (F48).

A fundamental element behind the ideas of progress and 
thriving is facilitating children’s access to education. Para-
doxically, although the respondents recognize the values of 
rural life and the practice of agriculture, they simultaneously 
act in a permanent search to provide their children with edu-
cation that will help them migrate and find work in the cities. 
Associated with this quest is the perception of an uncertain 
future of agriculture, the experience of burdensome working 
conditions, and high levels of economic vulnerability. Fur-
thermore, the increased access to education in recent times, 
and the influence of Western ideals of modernity -which 
equate progress with professionalization, job acquisition, 
and leaving the countryside to live in the city- have also 
shaped the desire of different sets of functionings for their 
children.

She (the daughter) loves the countryside, but she also 
wants to improve herself, she thinks a lot about her 
daughter, she should look for the city, for the study that 
she deserves, where she can have training, and truly, if 
I find the way to set up a business for her in the city, I 
will try to set it up (F37).

Prevalent connectivity limitations and economic con-
straints strongly hinder the use of digital technologies on 
farms, affecting the opportunity structure of these com-
munities and reflecting an important digital gap. However, 
households also showed strategies to access and use these 
technologies when the goal is the education of their chil-
dren. This is evidence that when technologies align with 
people’s valuable things in life (e.g. education for the chil-
dren), these technologies acquire a special meaning. This 
situation promotes processes of technological appropriation. 
The following quote, shared by Farmer 42, exemplifies this 
relationship: “I want my daughters to progress, allow them 
to study, so that they can defend themselves. That’s the best 
inheritance. Each one has a computer; I bought it for them.” 
They also work around these constraints when using mobile 
phones and smartphones for communication: “Here the sig-
nal is very bad, my children have to walk up there to look 
for a signal (H2).”

The opportunities to work around the constraints are not 
available for everyone, which restricts the use of smart-
phones and computers on farms. There is a continuous 
struggle to overcome problems of connectivity and the cost 
of technologies; however, this cannot always be achieved. 
Moreover, interviewees showed a lack of motivation to work 
around these constraints if the use of these technologies is 
not prioritized in their life strategies.

We spent two, three days without a cellphone signal... 
internet, well no. If one is going to acquire it, it is at a 
very high cost (P1).
We need an antenna and on the other hand we have to 
think about something satellite, but it always generates 
costs, so sometimes other priority things that we have 
to choose one, but connectivity is always difficult here, 
for that reason one doesn’t have a laptop (F49).

In the context of nurturing the family sphere, the inter-
action with digital technologies is not always perceived as 
a positive element. Some respondents expressed concerns 
about the excessive amount of time that people spend on 
the internet (especially, but not exclusively, younger gen-
erations), addictive conduct, and the way this process can 
erode family relationships. These elements of excessive use 
and addictive behavior that are commonly associated with 
urban life, also shape interactions with these technologies 
in rural households.4

Family things are coming to an end, because here, peo-
ple who live in the town visit me and they are glued 
to the internet all the time, and we are at lunch and 
the young people do not pay attention. Even people, 
they are with the cell phone all the time. I think we 
are becoming very addicted to cell phones. I include 
myself. I have a lot of work, I feed workers and I use 
a wood stove, everything is more complicated, but the 
little time I have left, I am with the cell phone in my 
hand (P6).

Beyond the family sphere, households are immersed in 
the community, and maintaining this connection is another 
fundamental goal for the interviewees. Being part of the 
community and participating in the maintenance of the 
social fabric contributes to well-being and are important 
components of the life strategies to adapt and prosper in 
the rural ambit where the conditions of isolation, vulnera-
bility, and the construction of social identity, define strong 
relationships of interdependence. This dynamic influences 
the way these communities use and perceive digital tech-
nologies. On the one hand, communication technologies 
are considered relevant tools for social cohesion and coop-
eration at the community level (collective functionings). 
On the other hand, robots as part of the process of agri-
cultural mechanization and automation, are perceived as 

4 Despite a clear separation between the rural and urban worlds, 
there is a continuous flow of materials, information, labor and capi-
tal between them. This exchange contributes to shaping cultural 
processes of transformation with elements of syncretism and the re-
scription of social values and conducts. According to Gibson et  al. 
(2013), households are “permeable” to different sorts of influences 
through these different flows that occur through “porous boundaries.”.
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a peril for labor relations and the regional economy. The 
following quotes portray these interactions:

I’m in a group of coffee growers on WhatsApp, asso-
ciates are there, a large group. Any information, that 
a thief stole a chainsaw and that he is in such place, 
and there everyone seeks him, and locate him in less 
than nothing, that is a great advantage, or a meet-
ing that is going to take place in such a day, then 
it’s important. That group was created by us coffee 
growers (F37).
Well no, robots no. For me it shouldn't be, since cof-
fee support too many families, and if there were that, 
totally, there would be more poor people, then for me 
it would not be a good idea, we would not use it on 
the farm (F38).

Interviewees perceive that robots have the potential for 
producing economic and social benefits. On occasions, 
robots were associated with higher productivity, reduced 
labor costs, and the simplification of farm management. 
However, generally, these benefits do not outweigh the 
social risks associated with the loss of rural jobs. For this 
reason, robots tend to elicit more serious concerns than 
optimism.

I would not like to have machines here replacing the 
workers because there are many people who depend on 
the work, robots can harvest more, but that robot does 
not receive a salary, so the people who live from this, 
what do we do with them, or what reaction will they 
take? For me it’s not viable (F27).
If a robot comes here, there will be no work for the 
harvesters. It does not look good to me, I would not use 
it, even if the benefit for me was greater. For what I am 
going to pay 20 workers, perhaps one of those robots 
can make it, it would be better, but there are also peo-
ple who are left without livelihood, is not good (F40).

Some positive opinions, related to economic rationality, 
were also expressed, although to a much lesser extent. The 
next opinion from Farmer 1 exemplifies this: “Look, spray-
ing with drones is coming. I wish I could afford to rent that 
or have one of those… I like it, because since one can save 
labor, costs drop." This heterogeneity within the communi-
ties adds another layer and scale to the notion of multiple 
coexisting views and the associated forms of socio-technical 
interaction. We found evidence of the diversity of elements 
that can be considered valuable by farmers and their fami-
lies, and how different functionings coexist, opening oppor-
tunities for different forms of appropriation and opportunity 
structure configurations. What is apparent is that technolo-
gies such as robots and drones have not achieved a level 
of diffusion to spark discussions between supporters and 
detractors in the selected group of interviewees.

Discussion

The themes of relational way of farming, (dis)connected 
machines, and nurtured families and communities articu-
late the multiple situated social, technical, and biophysi-
cal relationships that shape material and symbolic inter-
actions between the communities in the study and digital 
technologies. These interactions are highly contextual and 
rise local appropriation pathways that differ from domi-
nant imagininaries and discourses surrounding digital 
agriculture and its different representations (Agriculture 
4.0, smart agriculture, precision agriculture). Overlooking 
these local interactions and their outcomes is an important 
source of reality-design gaps in digitalization.

Broad imaginaries of digital agriculture are often 
framed outside of situated cultural and material contexts. 
In some cases, it emerges from non-existent rural worlds 
or non-rural worlds, and not necessarily informed by 
experience. This creates a fundamental difference from 
farming, and poses a challenge for integrating into devel-
opment pathways of local communities, the socio-tech-
nical projects steered by these imaginaries. Farming, as 
described in the literature (Carolan 2016; Gosnell et al. 
2019; Higgins et al. 2017; Layman and Civita 2022; Darn-
hofer 2020) and evidenced in this study, is a relational 
process. To exercise their agency, farmers continuously 
navigate throughout institutional, technical and biophysi-
cal contexts, entities, and the network of interactions 
between these elements. Everything in the quest for living 
the life they consider valuable. In this navigation, which 
can also be described as the negotiation between coali-
tions of different agencies (McFarlane 2011), technologies 
have different positions in farmers’ opportunity structure, 
depending on the possibility and choice of using -or not 
using- them to achieve their functionings. Contrasting with 
the apparent stability that characterizes mainstream socio-
technical projects (Forney and Dwiartama 2023), local 
interactions with technologies result from what Latour 
(2005) described as localized and short-lived associations 
of human and non-human actors. This nature of associa-
tions is established between farmers, farms, and machines, 
to build the form of digitalization evidenced in this study. 
It is the “everyday digitalization,” which differs greatly 
from the big narratives or “spotlight digitalization” (For-
ney and Dwiartama 2023). We contend the co-occurrence 
of an 'everyday non-digitalization' resulting from the ten-
sion between these contrasting visions.

The functionings described by the communities in 
this study account for components that, at times comple-
ment, and in some cases challenge, rational-capitalist 
logics commonly associated with mainstream digitali-
zation imaginaries and projects (Bronson 2019; Hütten 
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2019; Rotz et al. 2019b; Birch et al. 2020). For the com-
munities in this study, capital and production are valued 
components of their functionings (it is not necessary to 
romanticize them). However, non-economic values such 
as autonomy, care for the land, and cohesive families and 
communities, largely contribute to a valuable life. Indi-
vidualism and competency (common elements in capital-
ism), share the space with collective goals and a sense of 
interdependence (a nurtured family, a nurtured commu-
nity). These values of individualism and competition are 
generally associated by those interviewed, with urban life. 
Highlighting that mainstream digital agriculture, when 
neglecting non-economic and intangible goals, could be 
designed to better represent urban-corporate imaginaries, 
or rational-capitalist forms of agriculture.

While visions of agriculture, strongly influenced by 
techno-centric and productivist perspectives, describe farms 
as places where people do not need and do not want to be 
(Baur and Iles 2023), the communities of coffee growers 
in this study conceive farms as places where they need and 
they want to be (what they wish for their children can differ). 
Moreover, responding to the ideas of 'good' farming—that 
include experience, instincts, and empathy—farms were 
recurrently imagined as places where technologies such as 
robots and harvesting machines cannot and should not be. 
Therefore, while influential agri-tech corporations tend to 
imagine peopleless landscapes populated by smart machines 
and artifacts that liberate farmers from the 'burden' of agri-
cultural labor (Bronson 2018; Baur and Iles 2023), the 
respondents in this study are precisely afraid of this sce-
nario. Similar perceptions have already been described in 
rural sociology. It has been reported that farmers are skep-
tical about robots having the capacity to interpret the ele-
ments of the farm as a good farmer can, to provide contex-
tualized information, or the necessary ethics and “touch” to 
treat plants and animals properly (Kaler and Ruston 2019; 
Rose et al. 2018). Layman and Civita (2022), for example, 
reported feelings of guilt and empathy experienced by rela-
tional farmers, associated with the damage and pain caused 
to the land by using machinery.

The interviews depicted a relational way of farming not 
only associated with the relationship established between 
farmers and the land, but also associated with the value of 
social relationships that form the agricultural landscape. As 
has been expressed by Layman and Civita (2022), core to 
relational farming is the establishment of reciprocal relations 
with peers and the broader community. For Trivette (2017), 
relational farming has a lot to do with trust and caring for 
others. A comprehensive view of relational farming, derived 
from the application of a capabilities perspective, integrates 
the relationships between humans and non-humans and the 
network of social relations. This integrated perspective 
provided an informed understanding of the local forms of 

interaction with digital technologies. The connection with 
the farm (a point where digital technologies are generally 
identified as disruptors), is complemented by the connection 
with other human beings (family and community). Here, 
digital technologies, as social communication tools, are 
identified as enablers, and important components in farm-
ers’ functionings and opportunity structure. This relationship 
contributed to locating digital technologies on or off coffee 
farms. It also points to the exercise of agency for collec-
tive goals, as has been recognized in conceptualizations of 
development from a capabilities perspective (Crocker and 
Robeyins 2012).

Structural determinants of technology appropriation, such 
as technological infrastructure, technical knowledge and sup-
port, biophysical contexts, innovation processes engendered 
by the institutionality, and the interaction between these dif-
ferent elements, configure the opportunity structure for using 
digital technologies at a local scale. Strongly driven by their 
functionings, and the important motivation they originate, 
the communities in this study employ different strategies 
to navigate throughout the multiple determinants of appro-
priation and work around the constraints. The centrality of 
social relations and the education of the children, for exam-
ple, determine the willingness of farmers to work around 
connectivity problems, lack of digital skills, and costs of 
technologies. Cellphones are taken to the plots in case they 
are needed to make or receive a call, but smartphones are 
kept at home to protect them from damage. Farmers and 
family members walk, sometimes long distances, to find a 
signal for making or receiving calls, and these communities 
actively create WhatsApp groups to share information and 
coordinate collective action. However, not all farmers can 
work around the constraints, which are strongly linked to 
material and economic factors. More impoverished farm-
ers find it more difficult to access connectivity and devices 
because of the costs, evidencing a prevalent digital gap with 
a strong economic dimension. This condition echoes prop-
ositions of digitalization as a space for broadening social 
inequities (Abdulai 2022; Fraser 2019; Pfeizer et al. 2020; 
Seyedsayamdost and Vanderwal 2020).

A particular socio-technical interaction is illustrated by 
the use of WhatsApp. A process of appropriation originates 
from the connection with relevant values in users’ lives, 
and from the opportunity to adapt the technologies to local 
practices and social expectations in terms of functional-
ity, participation, and content. The case of the harvesting 
machine tells a different story, providing a perspective on 
how farmers also work around institutional programs. Bet-
ter aligned with techno-centric perspectives and bypassing 
local cultural and biophysical contexts, the technology pro-
posed by the FNC was ineffective and therefore rejected by 
farmers. The institutional project of technification tried to 
place a particular technology on the farm, but farmers placed 
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it outside of the farm and their opportunity structure. This 
reality-design gap case, in turn, contributed to building atti-
tudes of distrust towards robots, a different technology but 
with similar functionality. This represents the critical view 
that farmers have regarding the applicability of technologies 
in their functionings, namely their contexts and plans. This 
is a process described as the reflexive capacity of individu-
als and collectives to critically assess their engagement with 
technologies and their proponents (Forney and Dwiartama 
2023). Thanks to their situated knowledge, farmers found 
it easy to identify how the spatial complexity of the plots, 
and the requirements for an appropriate harvest, strongly 
hinder the applicability of these technologies, rendering 
them useless and excluded from their opportunity structure. 
Paradoxically, the central institution of the coffee sector in 
Colombia was unaware of this relation and misinterpreted 
the biophysical and social context.

In the context of this study, the binarity conventional/
organic is not translated into rational/relational farming. 
Expressions describing a relational approach to farming 
(biophysical and social) were found in both communities. 
Consequently, these communities expressed similar con-
cerns regarding the impact of mechanization and automation 
on the biophysical entities of farms, the social fabric, and 
'good' farming. However, it was found that multiple perspec-
tives regarding technologies coexist also within the same 
community. For some respondents, there is no relationship 
between technologies such as mobile phones, smartphones, 
or tablets, and non-human elements of the farm. For others, 
these technologies can be used as tools to document and 
evoke the relationships that farmers establish with these ele-
ments. These technologies are commonly considered impor-
tant tools to nurture the family and the community, however, 
they also can promote addictive behaviors that undermine 
social cohesion. These descriptions speak about a complex 
engagement with digital technologies. Contrasting with a 
linear diffusion paradigm, the process unfolds in twisted and 
complex trajectories. Owen et al. (2013) described innova-
tion as a dynamic, undulating path, sometimes with dead 
ends. Meanwhile, messy entanglements of day-to-day human 
and non-human interactions engender particular forms of 
digitalization (Forney and Dwiartama 2023). In conversa-
tion with these two ideas, we argue that from this messy 
entanglement, emerge equally messy material and symbolic 
engagements, with opportunity for fragmentation, contradic-
tion, and ambiguity.

Disparate perspectives towards drones and robots were 
evident in the Andes community. For some, these machines 
are conceived as 'clumsy' workers and a threat to the social 
fabric of the community, while for others they are seen as 
potentially valuable aids in managing the farm. Following 
the perspective of multiplicity framed by proponents of 
farming as a relational process (Darnhofer 2020; Layman 

and Civita 2022), we argue that multiple forms of interac-
tion with digital technologies can coexist in the study areas, 
and that the outcome of the negotiations between different 
perspectives remains open. As evidenced with other tech-
nologies such as coffee varieties, pesticides, or renovation 
cycles, it is likely that the ordering of digital technologies 
will vary across coffee farms.

Conclusion

This paper makes two contributions to the critical litera-
ture on digital agriculture. Firstly, it applies a capabilities 
approach to highlight the relevant role of situated ideas of 
development in positioning technologies on or off the farms, 
as well as broader digitalization agendas, on or off farmer’s 
life projects. Amartya Sen’s capabilities approach presents 
a critique of the unquestioning pursuit of diffusing technolo-
gies across contexts based on a false sense of universality. 
Secondly, this study contributes to the emerging field of 
relational studies on local processes of digitalization in the 
Global South, by presenting a case of two communities of 
coffee growers in Colombia.

Through the integration of the concepts of functionings 
and opportunity structure, we were able to assemble the mul-
tiple negotiations between farmers’ personal and collective 
goals, knowledge, institutional programs, and the agency 
of non-humans, that shape processes of digitalization. This 
study highlights that technological appropriation is a pro-
cess of agency co-construction in the quest to integrate tech-
nologies with the life that people find valuable. The local 
outcome of this process, articulated through the themes of 
a relational way of farming, (dis)connected machines, and 
nurtured families and communities, is an emerging form of 
digitalization and non-digitalization. To explain this: in this 
study, digital technologies such as mobile phones, smart-
phones, tablets, computers, robots or drones, were described 
by respondents as incompatible (in material and symbolic 
ways) with the practice of farming; therefore, there does 
not seem to be much space for them in the coffee plots. The 
farm, on the other hand, as a space also composed of social 
relationships (a central component of a valuable life for these 
communities), provides room for digital technologies that 
work as communication tools (mobile phones, smartphones, 
digital social networks).

Centering the analysis around the underlying values in 
which farming practices and identity are rooted allowed 
us to identify important tensions between local practices 
and the broad digitalization agenda. The relational local 
ontology strongly contrasts with the techno-centric and 
productivist perspectives that seem to occupy most of the 
narratives and practices around digital agriculture, engen-
dering opposing visions of a desirable future. By following 
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mainstream and top-down techno-centric perspectives and 
overlooking the local cultural and biophysical context, the 
main institution in the coffee sector in Colombia (FNC) 
failed to implement a mechanization project for harvest-
ing coffee, contributing to rising local attitudes of distrust 
towards emerging technologies such as drones and robots. 
At the same time, it revealed the critical view of farmers 
regarding digitalization, automation, mechanization, and 
ideas of the 'good' farmer and the 'good' farming.

We consider that integrating in this study the perspec-
tives of different family members (partners and children) 
provided a valuable understanding of the local interactions 
with digital technologies. The study shows that decisions 
at the farm level and perceptions regarding these technolo-
gies are shaped through dialogue between views, prac-
tices, and goals of different family members. We encour-
age social researchers to engage more often in household 
approaches when exploring local forms of appropriation. 
Considering the integration of smartphones and cellphones 
and WhatsApp in the routines of these communities of cof-
fee growers, as well as the key role in facilitating collec-
tive communication and action, we consider that exploring 
dynamics such as imitation, the pressure to be excluded 
from these networks, and the need to conform to social 
practices, can provide valuable insights into understand-
ing the not-so free choices in technological appropriation.

In the process of framing the mainstream picture of 
digitalization, it is possible that local stories of appropria-
tion go unnoticed. If these stories are not better positioned 
in critical assessments of digital agriculture, there is a 
risk of over-focusing the discussion on non-existent rural 
worlds, using imagined scenarios. Meanwhile, a process 
of digitalization is unfolding through everyday localized 
cultural and material processes on farms. Drawing upon 
a relational perspective, we present evidence of the need 
to replace notions of immutability, universality and uni-
formity, with the recognition of multiple ideas of devel-
opment and the role of technologies in personal and col-
lective development. This is a process in which this paper 
contributes only a small part to the mosaic, and we make 
a call of reflecting on generalization impulses. Heteroge-
neity can even occur at local levels, opening the space 
for multiple co-existing innovation processes. Embracing 
these notions of multiplicity can make digital innovation 
a more inclusive and contextualized system, and thus con-
tribute to reducing reality-design gaps. Digital agriculture 
is a multi-faceted process occurring at different scales and 
towards different trajectories. A commendable goal is to 
contribute to making it compatible with the life that farm-
ers want to live. As we accounted, rural communities are 
actively involved in this process already; it is a matter of 
paying closer attention.

Acknowledgements First and foremost, we would like to thank all the 
participants in the interviews for sharing part of their lives, dreams, 
and spaces with us. Thanks to the coffee cooperatives and traders (Red 
Ecolsierra, Ecom Colombia) for establishing a bridge with the farmers 
and their families. Special thanks to Manuel Zuleta, Carlos Alberto 
Tapasco, and Jesús Guerrero, for their support during the field work. 
We would also like to thank Elizabeth Renee Ambler and Graham 
Giesting for their helpful comments and careful language editing, 
Regina Birner for contributing her meaningful perspective and rel-
evant recommendations, Gabriela Vives for working on the map, and 
the anonymous reviewers for their valuable comments.

Funding Open Access funding enabled and organized by Projekt 
DEAL. Funding for this study was provided by the German Academic 
Exchange Service (DAAD), grant number 57460304.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abdulai, A.R. 2022. Toward digitalization futures in smallholder 
farming systems in Sub Sahara Africa: a social practice proposal. 
Frontiers in Sustainable Food Systems 6. https:// doi. org/ 10. 3389/ 
fsufs. 2022. 866331.

Alsop, R., and N. Heinsohn. 2005. Measuring empowerment in prac-
tice – structuring analysis and framing indicators. Washington, 
DC: World Bank.

Alvarado-Alvarado, G., H. Posada-Suárez, and H.A. Cortina-Guerrero. 
2005. Castillo: Nueva variedad de café con resistencia a la roya. 
Avances Técnicos 337. Gerencia Técnica / Programa de Inves-
tigación Científica, Cenicafé. https:// www. cenic afe. org/ es/ publi 
catio ns/ avt03 37. pdf. Accessed 12 Oct 2020.

Ash, J., R. Kitchin, and A. Leszczynski. 2018. Digital turn, digital 
geographies? Progress in Human Geography 42: 25–43. https:// 
doi. org/ 10. 1177/ 03091 32516 664800.

Banerjee, S. 2013. Mobile telephony in agriculture: Unlocking 
knowledge capital of the farmers, In Information and communi-
cation technologies for sustainable agriculture. Indicators from 
Asia and the Pacific, ed G. Sylvester, 70-76. Bangkok: RAP 
publication.

Baur, P., and A. Iles. 2023. Inserting machines, displacing people: 
How automation imaginaries for agriculture promise ‘liberation’ 
from the industrialized farm. Agriculture and Human Values 40: 
815–833. https:// doi. org/ 10. 1007/ s10460- 023- 10435-5.

Beguin, P., M. Cerf, and L. Prost. 2012. Co-design as an emerging 
distributed dialogical process between users and designers. In 
System innovations, knowledge regimes, and design practices 
towards sustainable agriculture, Eds. M. Barbier and B. Elzen. 
INRA [online].

Bijker, W. 1995. Of bicycles, bakelites, and bulbs: toward a theory of 
sociotechnical change. Cambridge: MIT Press.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fsufs.2022.866331
https://doi.org/10.3389/fsufs.2022.866331
https://www.cenicafe.org/es/publications/avt0337.pdf
https://www.cenicafe.org/es/publications/avt0337.pdf
https://doi.org/10.1177/0309132516664800
https://doi.org/10.1177/0309132516664800
https://doi.org/10.1007/s10460-023-10435-5


How do coffee farmers engage with digital technologies? A capabilities perspective  

Birch, K., M. Chiappetta, and A. Artyushina. 2020. The problem of 
innovation in technoscientific capitalism: data rentiership and the 
policy implications of turning personal digital data into a private 
asset. Policy Studies 41: 468–487. https:// doi. org/ 10. 1080/ 01442 
872. 2020. 17482 64.

Bronson, K. 2018. Smart farming: including rights holders for respon-
sible agricultural innovation. Technology Innovation Management 
Review 8: 7–14. https:// doi. org/ 10. 22215/ timre view/ 1135.

Bronson, K. 2019. Looking through a responsible innovation lens at 
uneven engagements with digital farming. NJAS - Wageningen 
Journal of Life Sciences 90–91: 100294. https:// doi. org/ 10. 1016/j. 
njas. 2019. 03. 001.

Bronson, K., and I. Knezevic. 2016. Big data in food and agriculture. 
Big Data & Society 3: 1–5. https:// doi. org/ 10. 1177/ 20539 51716 
6481.

Camargo, J.A., and L.D. Espitia. 2016. History of technology and 
humanitarian technologies: a case study regarding the design and 
deployment of humanitarian technologies among rural communi-
ties in Colombia. IEEE global humanitarian technology conference 
(GHTC). Seattle. https:// doi. org/ 10. 1109/ GHTC. 2016. 78573 58

Carolan, M. 2016. Publicising food: big data, precision agriculture, and 
co- experimental techniques of addition. Sociologia Ruralis 57: 
135–155. https:// doi. org/ 10. 1111/ soru. 12120.

Carolan, M. 2018. ‘Smart’ farming techniques as political ontology: 
access, sovereignty and the performance of neoliberal and not-so-
neoliberal worlds. Sociologia Ruralis 58: 745–764. https:// doi. org/ 
10. 1111/ soru. 12202.

Cash, D.W., J.C. Borck, and A.G. Patt. 2006. Countering the loading-
dock approach to linking science and decision making. Compara-
tive analysis of El Niño/Southern Oscillation (ENSO) forecasting 
systems. Science, Technology, & Human Values 31: 465–494. 
https:// doi. org/ 10. 1177/ 01622 43906 287547.

Charmaz, K. 2006. Constructing grounded theory: A practical guide 
through qualitative analysis. London: Safe.

Cieslik, K.J., C. Leeuwis, A.R.P.J. Dewulf, R. Lie, S.E. Werners, M. 
van Wessel, P. Feindt, and P.C. Struik. 2018. Addressing socio-
ecological development challenges in the digital age: exploring 
the potential of environmental virtual observatories for connective 
action (EVOCA). NJAS - Wageningen Journal of Life Sciences 
86–87: 2–11. https:// doi. org/ 10. 1016/j. njas. 2018. 07. 006.

Coggins, S., M. McCampbell, A. Sharma, R. Sharma, S.M. Haefele, E. 
Karki, J. Hetherington, J. Smith, and B. Brown. 2022. How have 
smallholder farmers used digital extension tools? Developer and 
user voices from Sub-Saharan Africa, South Asia and Southeast 
Asia. Global Food Security 32: 100577. https:// doi. org/ 10. 1016/j. 
gfs. 2021. 100577.

Contreras-Medina, D.I., L.M. Contreras-Medina, J. Pardo-Nuñez, L.A. 
Olvera-Vargas, and C.M. Rodriguez-Peralta. 2020. Roadmapping 
as a driver for knowledge creation: a proposal for improving sus-
tainable practices in the coffee supply chain from Chiapas Mexico 
using emerging technologies. Sustainability 12: 5817. https:// doi. 
org/ 10. 3390/ su121 45817.

Crocker, D.A. 2008. Ethics of global development: agency, capability, 
and deliberative democracy. Cambridge: Cambridge University 
Press.

Crocker, D.A., and I. Robeyins. 2012. Capability and agency. In Amar-
tya Sen, ed. C.W. Morris. Cambridge: Cambridge University 
Press.

Darnhofer, I. 2020. Farming from a process-relational perspective: 
making openings for change visible. Sociologia Ruralis 60: 505–
528. https:// doi. org/ 10. 1111/ soru. 12294.

De La Hoz Montes, M., A. Perafán-Ledezma, and W.A. Martínez-
Dueñas. 2019. Apropiaciones sociales de la ciencia y la tecnología 
en la caficultura en la Sierra Nevada de Santa Marta (Palmor y 
Río Piedras, Magdalena, Colombia). Jangwa Pana 18: 183–213. 
https:// doi. org/ 10. 21676/ 16574 923. 2925.

Dietz, T., C. Estrella, J. Grabs, and B. Kilian. 2019. How effective 
is multiple certification in improving the economic conditions 
of smallholder farmers? Evidence from an impact evaluation in 
Colombia’s coffee belt. The Journal of Development Studies 56: 
1141–1160. https:// doi. org/ 10. 1080/ 00220 388. 2019. 16324 33.

Dodson, L., S.R. Sterling, and J.K. Bennett. 2013. Considering failure: 
eight years of ITID research. Information Technology and Inter-
national Development 9:19–34. http:// 52. 37. 125. 211/ index. php/ 
itid/ artic le/ view/ 1050. Accessed 15 Feb 2020.

Eastwood, C., L. Klerkx, M. Ayre, et al. 2019. Managing socio-ethical 
challenges in the development of smart farming: from a frag-
mented to a comprehensive approach for responsible research and 
innovation. Journal of Agricultural and Environmental Ethics 32: 
741–768. https:// doi. org/ 10. 1007/ s10806- 017- 9704-5.

European Commission. 1992. Council regulation n. 2081/92 of 14 July 
1992 on the protection of geographical indications and designa-
tions of origin for agricultural products and foodstuffs. Office for 
Official Publications of the European Communities.

FNC. 2020. Cosecha asistida de café, retención de pases, lonas y der-
ribadora, tips del profesor Yarumo. https:// www. youtu be. com/ 
watch?v= MoWW1 yqhXw 0&t= 1s. Accessed 8 December 2023.

Forney, J., and A. Dwiartama. 2023. The project, the everyday, and 
reflexivity in sociotechnical agri-food assemblages: proposing a 
conceptual model of digitalisation. Agriculture and Human Values 
40: 441–454. https:// doi. org/ 10. 1007/ s10460- 022- 10385-4.

Fraser, A. 2019. Land grab/data grab: precision agriculture and its new 
horizons. The Journal of Peasant Studies 46: 893–912. https:// doi. 
org/ 10. 1080/ 03066 150. 2017. 14158 87.

Gibson, C., C. Farbotko, N. Gill, L. Head, and G. Waitt. 2013. House-
hold sustainability: challenges and dilemmas in everyday life. 
Cheltenham: Edward Elgar.

Gidley, J.M. 2017. The future: a very short introduction. Oxford: 
Oxford University Press.

Goodman, D., B. Sorj, and J. Wilkinson. 1987. From farming to bio-
technology. New Jersey: Blackwell Pub.

Gosnell, A., N. Gill, M. Voyer, and M. 2019. Transformational adapta-
tion on the farm: Processes of change and persistence in transi-
tions to ‘climate-smart’ regenerative agriculture. Global Environ-
mental Change 59: 101965. https:// doi. org/ 10. 1016/j. gloen vcha. 
2019. 101965.

Guerrero, S., L.M. Mejía, and M.C. Monje. 2017. Instituciones inclu-
sivas y extractivas en la actividad cafetera colombiana. Bachelor 
thesis. Facultad de Ciencias Económicas, Administrativas y Con-
tables. Pereira: Universidad Libre de Pereira. https:// repos itory. 
unili bre. edu. co/ bitst ream/ handle/ 10901/ 16266/ INSTI TUCIO 
NES% 20INC LUSIV AS. pdf? seque nce= 1& isAll owed=y. Accessed 
9 Aug 2023.

Heeks, R. 2002. Information systems and developing countries: failure, 
success, and local improvisations. The Information Society 18: 
101–112. https:// doi. org/ 10. 1080/ 01972 24029 00750 39.

Hellström, T. 2003. Systemic innovation and risk: technology assess-
ment and the challenge of responsible innovation. Technology in 
Society 25: 369–384. https:// doi. org/ 10. 1016/ S0160- 791X(03) 
00041-1.

Higgins, V. 2006. Re-figuring the problem of farmer agency in agri-
food studies: a translation approach. Agriculture and Human Val-
ues 23: 51–62. https:// doi. org/ 10. 1007/ s10460- 005- 5867-1.

Higgins, V., M. Bryant, A. Howell, and J. Bettersby. 2017. Ordering 
adoption: materiality, knowledge and farmer engagement with 
precision agriculture technologies. Journal of Rural Studies 55: 
193–202. https:// doi. org/ 10. 1016/j. jrurs tud. 2017. 08. 011.

Hughes, T.P. 1987. The evolution of large technological systems. In The 
social construction of technological systems: New directions in 
the sociology and history of technology, vol. 82, ed. W.E. Bijker, 
T.P. Hughes, and T. Pinch, 51–82. Cambridge: The MIT Press.

https://doi.org/10.1080/01442872.2020.1748264
https://doi.org/10.1080/01442872.2020.1748264
https://doi.org/10.22215/timreview/1135
https://doi.org/10.1016/j.njas.2019.03.001
https://doi.org/10.1016/j.njas.2019.03.001
https://doi.org/10.1177/20539517166481
https://doi.org/10.1177/20539517166481
https://doi.org/10.1109/GHTC.2016.7857358
https://doi.org/10.1111/soru.12120
https://doi.org/10.1111/soru.12202
https://doi.org/10.1111/soru.12202
https://doi.org/10.1177/0162243906287547
https://doi.org/10.1016/j.njas.2018.07.006
https://doi.org/10.1016/j.gfs.2021.100577
https://doi.org/10.1016/j.gfs.2021.100577
https://doi.org/10.3390/su12145817
https://doi.org/10.3390/su12145817
https://doi.org/10.1111/soru.12294
https://doi.org/10.21676/16574923.2925
https://doi.org/10.1080/00220388.2019.1632433
http://52.37.125.211/index.php/itid/article/view/1050
http://52.37.125.211/index.php/itid/article/view/1050
https://doi.org/10.1007/s10806-017-9704-5
https://www.youtube.com/watch?v=MoWW1yqhXw0&t=1s
https://www.youtube.com/watch?v=MoWW1yqhXw0&t=1s
https://doi.org/10.1007/s10460-022-10385-4
https://doi.org/10.1080/03066150.2017.1415887
https://doi.org/10.1080/03066150.2017.1415887
https://doi.org/10.1016/j.gloenvcha.2019.101965
https://doi.org/10.1016/j.gloenvcha.2019.101965
https://repository.unilibre.edu.co/bitstream/handle/10901/16266/INSTITUCIONES%20INCLUSIVAS.pdf?sequence=1&isAllowed=y
https://repository.unilibre.edu.co/bitstream/handle/10901/16266/INSTITUCIONES%20INCLUSIVAS.pdf?sequence=1&isAllowed=y
https://repository.unilibre.edu.co/bitstream/handle/10901/16266/INSTITUCIONES%20INCLUSIVAS.pdf?sequence=1&isAllowed=y
https://doi.org/10.1080/01972240290075039
https://doi.org/10.1016/S0160-791X(03)00041-1
https://doi.org/10.1016/S0160-791X(03)00041-1
https://doi.org/10.1007/s10460-005-5867-1
https://doi.org/10.1016/j.jrurstud.2017.08.011


 F. Hidalgo et al.

Hütten, M. 2019. The soft spot of hard code: blockchain technology, net-
work governance and pitfalls of technological utopianism. Global 
Networks 19: 329–348. https:// doi. org/ 10. 1111/ glob. 12217.

Jiménez, A., and Y. Zheng. 2018. Tech hubs, innovation and devel-
opment. Information Technology. Information Technology for 
Development 24: 95–118. https:// doi. org/ 10. 1080/ 02681 102. 
2017. 13352 82.

Kaler, J., and A. Ruston. 2019. Technology adoption on farms: using 
normalisation process theory to understand sheep farmers’ atti-
tudes and behaviours in relation to using precision technology in 
flock management. Preventive Veterinary Medicine 170: 104715. 
https:// doi. org/ 10. 1016/j. preve tmed. 2019. 104715.

Kleine, D., A. Light, and M.J. Montero. 2012. Signifiers of the life we 
value? – considering human development, technologies and fair 
trade from the perspective of the capabilities approach. Informa-
tion Technology for Development 18: 42–60. https:// doi. org/ 10. 
1080/ 02681 102. 2011. 643208.

Klerkx, L., and D. Rose. 2020. Dealing with the game-changing tech-
nologies of agriculture 4.0: how do we manage diversity and 
responsibility in food system transition pathways? Global Food 
Security 24: 100347. https:// doi. org/ 10. 1016/j. gfs. 2019. 100347.

Kuch, D., K. Gulson, and M. Kearnes. 2020. The promise of precision: 
datafication in medicine, agriculture and education. Policy Studies 
41: 527–546. https:// doi. org/ 10. 1080/ 01442 872. 2020. 17243 84.

Lajoie-O’Malley, A., K. Bronson, S. van Der Burg, and L. Klerkx. 
2020. The future(s) of digital agriculture and sustainable food sys-
tems: an analysis of high-level policy documents. Ecosystem Ser-
vices 45: 101183. https:// doi. org/ 10. 1016/j. ecoser. 2020. 101183.

Latour, B. 2005. Reassembling the social. An introduction to actor-
network-theory. Oxford: Oxford University Press.

Layman, E., and N. Civita. 2022. Decolonizing agriculture in the 
United States: centering the knowledges of women and peo-
ple of color to support relational farming practices. Agricul-
ture and Human Values 39: 965–978. https:// doi. org/ 10. 1007/ 
s10460- 022- 10297-3.

Lioutas, E.D., C. Charatsari, G. La Rocca, and M. De Rosa. 2019. Key 
questions on the use of big data in farming: an activity theory 
approach. NJAS - Wageningen Journal of Life Sciences 90–91: 
100297. https:// doi. org/ 10. 1016/j. njas. 2019. 04. 003.

McFarlane, C. 2011. The city as assemblage: dwelling and urban space. 
Environment and Planning d: Society and Space 29: 649–671. 
https:// doi. org/ 10. 1068/ d4710.

Macmillian, T. 2018. Learning from farmer-led research.https:// www. 
foode thics counc il. org/ uploa ds/ For% 20whom% 20-% 20que stion 
ing% 20the% 20food% 20and% 20far ming% 20res earch% 20age nda_ 
FINAL_1. pdf. Accessed 7 January 2020.

Madon, S. 2004. Evaluating the developmental impact of e-governance 
initiatives: an exploratory framework. Electronic Journal of Infor-
mation System in Developing Countries 20: 1–13. https:// doi. org/ 
10. 1002/j. 1681- 4835. 2004. tb001 32.x.

Mann, L. 2018. Left to other peoples’ devices? A political economy 
perspective on the big data revolution in development. Develop-
ment and Change 49: 3–36. https:// doi. org/ 10. 1111/ dech. 12347.

Marín-Torres, G. 2008. Generación de valor de negocio a partir de 
las TI - caso de estudio Federación Nacional de Cafeteros. Bach-
elor thesis. Facultad de Ingeniería de Sistemas y Computación. 
Bogotá: Universidad de los Andes.

Muñiz, N. 2016. Towards a network place branding through multiple 
stakeholders and based on cultural identities: the case of “The 
Coffee Cultural Landscape” in Colombia. Journal of Place Man-
agement and Development 9: 73–90. https:// doi. org/ 10. 1108/ 
JPMD- 11- 2015- 0052.

Noticias Caracol. 2018. Máquina derribadora de café hace el trabajo 
de cinco recolectores. https:// www. youtu be. com/ watch?v= b2mFT 
GrE_ wg&t= 2s. Accessed 8 December 2023.

Orlikowski, W.J. 1992. The duality of technology: re-thinking the 
concept of technology in organisations. Organisation Science 3: 
398–427.

Owen, R., J. Stilgoe, P. Macnaghten, M. Gorman, E. Fisher, and 
D. Guston. 2013. A framework for responsible innovation. In 
Responsible innovation: managing the responsible emergence of 
science and innovation in society, ed. R. Owen, J. Bessant, and 
M. Heintz, 27–50. Chichester: Wiley.

Peter, F. 2003. Gender and the foundations of social choice: the role 
of situated agency. Feminist Economics 9: 13–32. https:// doi. org/ 
10. 1080/ 13545 70022 00007 8006.

Pfeizer, M., P. Seufert, A.L. Beringer, and R. Herre. 2020. Disruption 
or déjà vu? Digitalization, land and human rights case studies 
from Brazil, Indonesia, Georgia, India and Rwanda. Heidelberg: 
FIAN International.

Pigford, A.-A.E., G.M. Hickey, and L. Klerkx. 2018. Beyond agricul-
tural innovation systems? Exploring an agricultural innovation 
ecosystems approach for niche design and development in sustain-
ability transitions. Agricultural Systems 164: 116–121. https:// doi. 
org/ 10. 1016/j. agsy. 2018. 04. 007.

Pirnejad, H., and R. Bal. 2011. The precarious gap between informa-
tion technology and patient safety: lessons from the medication 
systems. In A Socio-Cultural Perspective on Patient Safety, ed. E. 
Rowley and J. Waring, 115–130. Burlington: Ashgate.

Poveda, S., and T. Roberts. 2018. Critical agency and development: 
applying Freire and Sen to ICT4D in Zambia and Brazil. Informa-
tion Technology for Development 24: 119–137. https:// doi. org/ 10. 
1080/ 02681 102. 2017. 13286 56.

Prost, L., M. Cerf, and M.H. Jeuffroy. 2012. Lack of consideration 
for end-users during the design of agronomic models. A review. 
Agronomy for Sustainable Development 32: 581–594. https:// doi. 
org/ 10. 1007/ s13593- 011- 0059-4.

Quiñones-Ruiz, X.F. 2021. Social brokerage: Encounters between 
Colombian coffee producers and Austrian buyers – a research-
based relational pathway. Geoforum 123: 107–116. https:// doi. 
org/ 10. 1016/j. geofo rum. 2021. 04. 024.

Rama, R., and J. Wilkinson. 2013. ICT adoption and diffusion patterns 
in Latin American agriculture. In Information and communica-
tion technologies for agricultural development in Latin America: 
Trends, barriers and policies, eds. M. Rodrigues, and A. Rod-
ríguez, A. Santiago de Chile. United Nations Economic Commis-
sion for Latin America and the Caribbean (CEPAL). https:// repos 
itorio. cepal. org/ server/ api/ core/ bitst reams/ 7300b 859- 4f93- 4b0c- 
9a6d- d085e a8576 b0/ conte nt. Accessed 10 Feb 2020.

Rijswijk, K., L. Klerkx, M. Bacco, F. Bartolini, E. Bulten, L. Debruyne, 
J. Dessein, I. Scotti, and G. Brunori. 2021. Digital transforma-
tion of agriculture and rural areas: a socio-cyber-physical system 
framework to support responsibilisation. Journal of Rural Studies 
85: 79–90. https:// doi. org/ 10. 1016/j. jrurs tud. 2021. 05. 003.

Rose, D.C., C. Morris, M. Lobley, M. Winter, W.J. Sutherland, and L.V. 
Dicks. 2018. Exploring the spatialities of technological and user re-
scripting: the case of decision support tools in UK agriculture. Geo-
forum 89: 11–18. https:// doi. org/ 10. 1016/j. geofo rum. 2017. 12. 006.

Rose, D.C., and J. Chilvers. 2018. Agriculture 4.0: broadening respon-
sible innovation in an era of smart farming. Frontiers in Sustain-
able Food Systems 2. https:// doi. org/ 10. 3389/ fsufs. 2018. 00087

Rose, D.C., W.J. Sutherland, C. Parker, M. Lobley, M. Winter, C. Mor-
ris, S. Twining, C. Foulkes, T. Amano, and L.V. Dicks. 2016. 
Decision support tools for agriculture: towards effective design 
and delivery. Agricultural Systems 149: 165–174. https:// doi. org/ 
10. 1016/j. agsy. 2016. 09. 009.

Rotz, S., E. Duncan, M. Small, J. Botschner, R. Dara, I. Mosby, M. 
Reed, and E.D.G. Fraser. 2019a. The politics of digital agricul-
tural technologies: A preliminary review. Sociologia Ruralis 59: 
203–229. https:// doi. org/ 10. 1111/ soru. 12233.

https://doi.org/10.1111/glob.12217
https://doi.org/10.1080/02681102.2017.1335282
https://doi.org/10.1080/02681102.2017.1335282
https://doi.org/10.1016/j.prevetmed.2019.104715
https://doi.org/10.1080/02681102.2011.643208
https://doi.org/10.1080/02681102.2011.643208
https://doi.org/10.1016/j.gfs.2019.100347
https://doi.org/10.1080/01442872.2020.1724384
https://doi.org/10.1016/j.ecoser.2020.101183
https://doi.org/10.1007/s10460-022-10297-3
https://doi.org/10.1007/s10460-022-10297-3
https://doi.org/10.1016/j.njas.2019.04.003
https://doi.org/10.1068/d4710
https://www.foodethicscouncil.org/uploads/For%20whom%20-%20questioning%20the%20food%20and%20farming%20research%20agenda_FINAL_1.pdf
https://www.foodethicscouncil.org/uploads/For%20whom%20-%20questioning%20the%20food%20and%20farming%20research%20agenda_FINAL_1.pdf
https://www.foodethicscouncil.org/uploads/For%20whom%20-%20questioning%20the%20food%20and%20farming%20research%20agenda_FINAL_1.pdf
https://www.foodethicscouncil.org/uploads/For%20whom%20-%20questioning%20the%20food%20and%20farming%20research%20agenda_FINAL_1.pdf
https://doi.org/10.1002/j.1681-4835.2004.tb00132.x
https://doi.org/10.1002/j.1681-4835.2004.tb00132.x
https://doi.org/10.1111/dech.12347
https://doi.org/10.1108/JPMD-11-2015-0052
https://doi.org/10.1108/JPMD-11-2015-0052
https://www.youtube.com/watch?v=b2mFTGrE_wg&t=2s
https://www.youtube.com/watch?v=b2mFTGrE_wg&t=2s
https://doi.org/10.1080/1354570022000078006
https://doi.org/10.1080/1354570022000078006
https://doi.org/10.1016/j.agsy.2018.04.007
https://doi.org/10.1016/j.agsy.2018.04.007
https://doi.org/10.1080/02681102.2017.1328656
https://doi.org/10.1080/02681102.2017.1328656
https://doi.org/10.1007/s13593-011-0059-4
https://doi.org/10.1007/s13593-011-0059-4
https://doi.org/10.1016/j.geoforum.2021.04.024
https://doi.org/10.1016/j.geoforum.2021.04.024
https://repositorio.cepal.org/server/api/core/bitstreams/7300b859-4f93-4b0c-9a6d-d085ea8576b0/content
https://repositorio.cepal.org/server/api/core/bitstreams/7300b859-4f93-4b0c-9a6d-d085ea8576b0/content
https://repositorio.cepal.org/server/api/core/bitstreams/7300b859-4f93-4b0c-9a6d-d085ea8576b0/content
https://doi.org/10.1016/j.jrurstud.2021.05.003
https://doi.org/10.1016/j.geoforum.2017.12.006
https://doi.org/10.3389/fsufs.2018.00087
https://doi.org/10.1016/j.agsy.2016.09.009
https://doi.org/10.1016/j.agsy.2016.09.009
https://doi.org/10.1111/soru.12233


How do coffee farmers engage with digital technologies? A capabilities perspective  

Rotz, S., E. Gravely, I. Mosby, E. Duncan, E. Finnis, M. Horgan, J. 
LeBlanc, R. Martin, H.T. Neufeld, A. Nixon, L. Pant, V. Shalla, 
and E. Fraser. 2019. Automated pastures and the digital divide: 
How agricultural technologies are shaping labour and rural com-
munities. Journal of Rural Studies 68: 112–122. https:// doi. org/ 
10. 1016/j. jrurs tud. 2019. 01. 023.

Sanabria-Gómez, S.A., and J.C. Caro-Moreno. 2020. Progreso tec-
nológico en la caficultura colombiana, 1930-2015: el rol de la 
Federación Nacional de Cafeteros. Revista Escuela de Adminis-
tración de Negocios 88: 223–241. https:// doi. org/ 10. 21158/ 01208 
160. n88. 2020. 2624.

Sen, A. 1985. Well-being, agency and freedom: the Dewey lectures 
1984. Journal of Philosophy 82: 169–221. https:// doi. org/ 10. 2307/ 
20261 84.

Sen, A. 1999. Development as freedom. Common knowledge (Vol. 9). 
Oxford University Press. Oxford.

Seyedsayamdost, E., and P. Vanderwal. 2020. From good governance 
to governance for good: blockchain for social impact. Journal of 
International Development 32: 943–960. https:// doi. org/ 10. 1002/ 
jid. 3485.

Sterne, J. 2003. Bourdieu, technique and technology. Cultural Studies 
17: 367–389. https:// doi. org/ 10. 1080/ 09502 38032 00008 3863a.

Stilgoe, J., R. Owen, and P. Macnaghten. 2013. Developing a frame-
work for responsible innovation. Research Policy 42: 1568–1580. 
https:// doi. org/ 10. 1016/j. respol. 2013. 05. 008.

Sulaiman, V.R., A. Hall, N.J. Kalaivani, K. Dorai, and T.S.V. Reddy. 
2012. Necessary, but not sufficient: critiquing the role of informa-
tion and communication technology in putting knowledge into 
use. The Journal of Agricultural Education and Extension 18: 
331–346. https:// doi. org/ 10. 1080/ 13892 24X. 2012. 691782.

Trivette, S.A. 2017. Invoices on scraps of paper: trust and reciprocity in 
local food systems. Agriculture and Human Values 34: 529–542. 
https:// doi. org/ 10. 1007/ s10460- 016- 9738-8.

van Delden, H., R. Seppelt, R. White, and R.W. Jakeman. 2011. A 
methodology for the design and development of integrated mod-
els for policy support. Environmental Modelling & Software 26: 
266–279. https:// doi. org/ 10. 1016/j. envso ft. 2010. 03. 021.

Winner, L. 1980. Do artifacts have politics? Daedalus 109: 121–136.
Wolf, S.A., and D. Wood. 1997. Precision farming: environmental 

legitimation, commodification of information, and industrial coor-
dination. Rural Sociology 62: 180–206. https:// doi. org/ 10. 1111/j. 
1549- 0831. 1997. tb006 50.x.

Zapata, M.I., and B.E. Marin. 2015. Ruralidad y dispositivos móviles: 
apropiación social y uso de la Tableta de Información Cafetera 
TIC Estudio de caso Federación Nacional de Cafeteros para Antio-
quia. Revista Lasallista de Investigación 12: 19–27. https:// doi. 
org/ 10. 22507/ rli. v12n2 a2.

Zheng, Y. 2009. Different spaces for e-development: What can we learn 
from the capability approach? Information Technology for Devel-
opment 15: 66–82. https:// doi. org/ 10. 1002/ itdj. 20115.

Zheng, Y., M. Hatakka, S. Sahay, and A. Andersson. 2018. Conceptual-
izing development in information and communication technology 
for development (ICT4D). Information Technology for Develop-
ment 24: 1–14. https:// doi. org/ 10. 1080/ 02681 102. 2017. 13960 20.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Francisco Hidalgo  is a doctoral candidate at the Institute of Agricul-
tural Sciences in the Tropics (Hans-Ruthenberg-Institute), University 
of Hohenheim, Germany. His research is focused on social and cultural 

aspects of digital agriculture. His interests include sociology of tech-
nology, political economy, and sustainability.

Athena Birkenberg  is a research fellow at the Institute of Agricul-
tural Sciences in the Tropics (Hans-Ruthenberg-Institute), University of 
Hohenheim, Germany. Her research addresses the multiple aspects of 
sustainability along global agricultural value chains and rural develop-
ment in producer countries. In this context, her work focuses mainly on 
coffee and cocoa value chains and investigates topics such as climate 
change mitigation and carbon credits, governance and traceability for 
example through digitalization and certification, bioeconomy and the 
potential of by-products as well as rural development and local institu-
tions. Since her Bachelor thesis Athena Birkenberg has been conduct-
ing empirical research mainly in Latin America but also Thailand and 
some parts of Africa. She studied Agricultural Sciences in the Tropics 
& Subtropics (M.Sc.) and holds a Ph.D. in Agricultural Economics 
from the University of Hohenheim.

Thomas Daum  is an Associate Professor in Environmental Social Sci-
ences at the School of Global Studies at the University of Gothenburg. 
Daum completed his PhD and habilitation at the Hans-Ruthenberg-
Institute of Agricultural Science in the Tropics at the University of 
Hohenheim, Germany. His research focuses on the economics and 
governance of sustainable agricultural transformation in the Global 
South, with a particular emphasis on the role of contested innovations 
such as mechanization and digitalization.

Christine Bosch  is a research fellow at the Institute of Agricultural 
Sciences in the Tropics (Hans-Ruthenberg-Institute), University of 
Hohenheim, Germany. Her research focuses on social and institutional 
development in agri-food systems. She conducts empirical research on 
sustainability aspects, institutions and governance related to natural 
resources, value chains and multi-stakeholder initiatives, mostly in 
Eastern Africa and Latin America. She studied International Business 
(B.A.) in Reutlingen and Valparaíso, Chile, and holds an M.Sc. and 
Ph.D. in Agricultural Economics from the University of Hohenheim.

Xiomara F. Quiñones‑Ruiz  works as Associate Professor at the Insti-
tute for Sustainable Economic Development, University of Natural 
Resources and Life Sciences, Vienna (BOKU). Her research focuses 
on food systems and value chain analysis (i.e., coffee), collective action 
and sustainability, rural sociology as well as rural business promotion 
following transdisciplinary and ethnographic approaches. Under her 
current financed project by the Austrian Science Fund, she studies the 
quality conventions followed by coffee chain actors (i.e. producers in 
the South, roasters in the North) and how proximity might be built 
among them. Likewise, interactions with coffee chain actors have been 
developed, a coffee research talk and a trip to Colombia took place 
with European coffee roasters to visit producers and to start a rela-
tional coffee trade – one container (200 organic certified coffee bags) 
was directly negotiated and imported. Her methodological experience 
mostly covers qualitative methods such as interviews, focus groups, 
ethnography and participant observation. She obtained her doctoral 
degree at BOKU Vienna in Economics and Social Sciences with focus 
on the institutional conditions for producers to access Geographical 
Indications for food products (e.g., coffee, oils) from EU and non-EU 
countries.

https://doi.org/10.1016/j.jrurstud.2019.01.023
https://doi.org/10.1016/j.jrurstud.2019.01.023
https://doi.org/10.21158/01208160.n88.2020.2624
https://doi.org/10.21158/01208160.n88.2020.2624
https://doi.org/10.2307/2026184
https://doi.org/10.2307/2026184
https://doi.org/10.1002/jid.3485
https://doi.org/10.1002/jid.3485
https://doi.org/10.1080/0950238032000083863a
https://doi.org/10.1016/j.respol.2013.05.008
https://doi.org/10.1080/1389224X.2012.691782
https://doi.org/10.1007/s10460-016-9738-8
https://doi.org/10.1016/j.envsoft.2010.03.021
https://doi.org/10.1111/j.1549-0831.1997.tb00650.x
https://doi.org/10.1111/j.1549-0831.1997.tb00650.x
https://doi.org/10.22507/rli.v12n2a2
https://doi.org/10.22507/rli.v12n2a2
https://doi.org/10.1002/itdj.20115
https://doi.org/10.1080/02681102.2017.1396020

	How do coffee farmers engage with digital technologies? A capabilities perspective
	Abstract
	Introduction
	Capabilities approach, agency, and farmers’ interactions with technologies
	Methods
	Context of the study
	Data collection and analysis

	Results
	A relational way of farming
	(Dis)connected machines
	Nurtured families and communities

	Discussion
	Conclusion
	Acknowledgements 
	References


