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Introduction: Recently, the concept of twin transitions gained momentum in
policy and scientific discourse about agrifood systems. In twin transitional pro-
cesses, digital tools are leveraged to drive sustainability transformations, while
sustainability thinking guides the development, diffusion, and use of digital tech-
nology. However, these transitions are characterized by high uncertainty about
the futures they will lead agriculture into.

Methods: In the present study, following a sociotechnical imaginaries perspec-
tive and using data from a workshop attended by Greek researchers, farmers, and
farm advisors, we pursued two objectives. First, to delineate the futures that these
transitions might shape for agriculture. Second, to identify the roles that science
has to play in these futures.

Results: Our results reveal the multiplicity of agri-digital and sustainable transi-
tions, picturing futures that range from idealized states, where digital technology
continuously supports the achievement of sustainability targets, to less optimistic
scenarios, in which digitalization fails to improve agricultural sustainability or even
to deliver on its promise to provide tangible benefits at the farm level.
Discussion: Science is called to respond to these futures by contributing to tech-
nology upgrading, developing low-end digital tools, monitoring and assessing the
sustainability performance of agricultural digitalization, informing policy-making,
and co-shaping problematizations about digitalization with societal actors.

KEYWORDS
Agriculture 4.0, agrifood systems, digital agriculture, farming, future, sociotechnical
imaginaries, sustainability, twin transitions

1 Introduction

As digitalization proceeds apace, expectations and hopes about the ability of digital agri-
cultural technology to address grand challenges are high. Policy frameworks view the digitali-
zation of agriculture as a means to reinvent farming and achieve sustainability goals, thereby
supporting a twin (digital and sustainability) transition (Barabanova and Krzysztofowicz,
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2023). Nevertheless, recent research suggests that the potential
impacts of digital technological advancements on agriculture and
society are mixed (Jakku et al., 2022; Duncan et al., 2021; Eastwood et
al,, 2021; Fleming et al., 2021), drawing attention to the futures that
digitalization will bring for agriculture and its contribution to
sustainability.

In this study, we aim to outline these futures by relying on socio-
technical imaginaries (Jasanoff and Kim, 2009), i.e., shared visions of
the (always entangled) social and technological futures that agricul-
tural digitalization shapes. Additionally, we seek to explore the roles
that science should play in shaping these agri-digital futures and sup-
porting societally desirable twin transitions.

In the following sections, we provide an overview of twin transi-
tions and situate the concept of sociotechnical imaginaries within the
context of agricultural transitions. We then describe our methodologi-
cal approach and present the results of our analysis. The article closes
with a discussion of our findings and a list of open questions that
highlight areas for future inquiry.

2 Twin transitions
2.1 An overview

The word “transitions” is today a keyword in policy documents
and several research disciplines. Generally speaking, transitions are
change processes or passages from one state to another (Cambridge
University Press, 2009). The discussion about energy (Gatto, 2022),
circular (Campbell-Johnston et al, 2019), urban (Hughes and
Hoffmann, 2020), or mobility transitions (Ruhrort and Allert, 2021)
is vivid and growing, pursuing different targets related to the sustain-
ability of sociotechnical systems. The concept of twin transitions
emerged after 2020 to denote a simultaneous shift toward a green and
digitalized future. Muench et al., 2022, in a landmark report of the
European Union’s Joint Research Centre, stress the need to promote
and successfully manage a twin green and digital transition to move
toward a “sustainable, fair, and competitive future.”

Today, despite its increased use, the term “twin transitions” still
lacks a commonly accepted definition (Aloisi, 2025). Some scholars
describe twin transitions as the digitally enabled shift of current
techno-socio-economic systems toward a more sustainable future.
Such a consideration highlights the potential contribution of digital
technologies to achieving sustainability targets (Mékitie et al., 2023)
and to pursuing a greener future (Mehmood et al., 2025). Viewing
twin transitions through this angle, digital technologies are conceived
of as tools facilitating the attainment of environmental objectives
(Aiello et al., 2025; Brueck et al., 2025), such as the reduction of
resource and energy consumption (Chen et al., 2023) or carbon foot-
print (Rehman et al., 2023). In this line of thinking, twin transitions
are “digitalizing-for-greening” processes, in which the digital transfor-
mation of a system boosts sustainability transitions.

Another strand of the relevant literature emphasizes the comple-
mentary relationship between sustainability and digital transitional
processes (Husain et al, 2022) and their synergistic evolution
(Colapinto and Masé, 2025; Fazio et al., 2025; Tabares et al., 2025).
Looking beyond the “greening” of socio-economic sectors or society,
this clade of the literature embraces the importance of pursuing social
and economic sustainability goals (Torrent-Sellens et al., 2025).
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Both strands presented above emphasize the potential of digitali-
zation to initiate sustainability transitions. However, digitalization
may have substantial negative externalities. As Meijer (2024) argues,
the overemphasis on the ability of digital technologies to drive sustain-
ability transformation may blur our capacity to recognize all the
potential threats associated with digitalization, and, hence, it may be
dangerous. The experience of previous technological transitions, such
as the Green Revolution, confirms this contention (John and
Babu, 2021).

Following this train of thought, several policy documents point
out the need to focus on the environmental externalities of digital
transitions, like the extremely high energy consumption required to
produce and utilize digital technologies (Daehlen, 2023; Muench et
al., 2022), and the not-so-obvious impacts associated with the raw
materials used to produce these technologies or the potential environ-
mental costs at the end-of-life stage (e.g., soil contamination and water
pollution) (FAO, 2024a). Scholarly work acknowledges the environ-
mental risks of digital transitions (Szalkowski et al., 2024; Chen et al.,
2020), also exposing many social and economic perils of digitalization,
such as the polarization of income, potential loss of jobs for unskilled
or low skilled employees due to automation, social exclusion due to
lack of digital literacy (Grybauskas et al., 2022), negative impacts on
adopters’ mental health, new forms of cybercrime, worsening of work-
ing conditions due to digital fatigue (Szalkowski and Johansen, 2024).

The realization that digitalization can jeopardize the environmen-
tal, social, and economic sustainability calls for a holistic view of twin
transitions. Therefore, twin transitions can be defined as processes in
which digitalization paves the way for a sustainable future and, in par-
allel, sustainability thinking is applied to and governs the process of
producing and exploiting digital technologies (Charatsari, 2024). In
this view, the emphasis shifts from how digitalization spurs the sus-
tainability transition to how the two transitions are interlinked and
interdependent, serving societal interests without producing adverse
effects.

2.2 Characteristics of twin agricultural
transitions

Not surprisingly, a significant share of scholarly and policy atten-
tion is directed to the twin transitions of agrifood systems. Current
systems of agricultural and food production account for approxi-
mately one-third of anthropogenic global greenhouse gas emissions
(FAO, 2024b), while they contribute to — and are heavily impacted
by - climate change (Chataut et al., 2023). Agricultural production is
under extreme pressure due to the climate crisis, and the estimates of
the future societal and economic impacts of yield decrease are not
optimistic (Carleton and Hsiang, 2016).

However, science might face difficulties in supporting agricultural
twin transitions due to their multifaceted and convoluted nature.
These transitions are systemic processes that take place within com-
plex systems, i.e., interwoven webs involving interdependent compo-
nents (Broska et al., 2020): social actors (farmers, farm advisors,
AgTech companies, policy bodies, and scientists), natural elements
(including the agroecosystem, natural resources, and phenomena far
beyond the control of social actors), technologies, and various non-
technical artifacts (finance and institutions). These systemic elements
continuously interact in a disorderly manner, producing novel (facili-
tating, inhibiting, or neutral) structures (Ladyman et al., 2013). The
high complexity and interactivity characterizing these systems
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increase the levels of uncertainty (Meijer et al., 2007) and hinder any
effort to predict future states (Rotmans and Kemp, 2003) or the
emerging trajectories of agricultural transitions (Eastwood et
al,, 2025).

Notably, these transitions represent attempts to initiate purposeful
shifts, guided by specific goals. As Casafias and Kovacic (2025) note,
innovation - the guiding force of twin transitions - is developed and
directed toward achieving (more or less) specific purposes. In this
vein, they argue, these transitions possess the qualities of mission-
oriented innovation (see Mazzucato, 2018). This approach to innova-
tion requires and facilitates the engagement of stakeholders from
diverse socio-economic realms, including science actors, in transi-
tional processes (Wiarda et al., 2023), as well as the collaborative
development and exploration of innovation (Hekkert et al., 2020).
Nevertheless, being directed by policy, twin transitions of agricultural
systems often have to cope with several misfits, since missions are not
always well-tailored to the social, cultural, and innovation contexts
that they aspire to transform (Uyarra et al., 2025).

Finally, although the focus of relevant work primarily lies in digi-
tal technologies, agricultural twin transitions are catalyzed by different
types of innovation that are combined to achieve the desired results.
Following the typology used by Klerkx and Leeuwis (2009), the inno-
vation mix applied may involve a “hard” component referring to tech-
nological artifacts, a “soft” part that concerns the knowledge that the
hard innovation encompasses (and the tacit knowledge of the social
actors who utilize it), and the “orgware” dimension, which includes
institutional and organizational factors. Although actors operating in
agricultural systems can and do engage in organizational innovation
to fit the purposes of digital (Charatsari et al., 2020) and sustainability
transitions (Martin-Rios, 2025), they might face considerable difficul-
ties in dealing with the soft innovation component, due to the highly
transformative nature of digital transitions, which require new skill-
sets to be built (Da Silveira et al., 2025; Nettle et al., 2025; Michailidis
etal., 2024).

3 Sociotechnical imaginaries

3.1 Imagination as the foundation of
imaginaries

Before delving into the concept of sociotechnical imaginaries, it is
helpful to devote some lines to explaining its links and differences with
imagination. The latter term, a widely used word in our everyday lives,
describes the process of creating images and forms based on actual
representations and knowledge (Lennon, 2015). For psychologists, it
is a mental process that gives people the power to transform their
world into a new, possibly better, one (Barron, 1958); for sociologists
a social practice serving as a guiding force for coordinating possible
futures (Fuist, 2021); and for philosophers a primary function of
human existence that gives birth to the creation of new realities
(Castoriadis, 1987).

Regardless of the varying viewpoints through which one can
approach imagination, one thing is clear: imagination produces.
When focusing on technology, imagination is the first essential step
in developing novel artifacts, methods of working, and approaches to
reforming current operational models. Technology design always
entails an imagination phase (Turner, 2020). What drives this
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imagination is a gap between an actual and a desired state; the purpose
is always to produce an artifact that can, and hopefully will, solve
existing or future problems, leading to an ideal (or nearly ideal) state.
Developers of future technological systems imagine potential uses —
some of which are unforeseen by users of current technologies — long
before they begin producing alpha versions of an innovative artifact.
For instance, as far back as the 1960s, scholars and the tech industry
had begun to imagine and then work on the development of a new and
multi-interpretable at their time technological block, in which
machines would have thinking capabilities, thus being able to perform
tasks that require human reasoning: Artificial Intelligence (Hamming,
1965; Feigenbaum, 1963).

However, when technologies exit the lab and enter the market,
new forms of imagination emerge. Potential users envision possible
fields of application and the changes that new technologies will bring
to their lives, while tech companies imagine relevant, complementary,
or supplementary artifacts. New fields of technology development and
application are therefore arising. Scholars, especially those working on
the social end of science, use imagination to picture how new tech-
nologies will impact social structures, existing economic systems, or
the natural environment before developing research designs to
uncover hidden opportunities and, most importantly, risks. Policy-
makers also partially rely on imagination to develop legislative frame-
works for regulating these risks.

3.2 Sociotechnical imaginaries: what they
are and what they do

When several individual imaginings of the new social realities that
technology creates (and of the future technology development trajec-
tories) converge, they unite members of a society or social group
through shared perceptions of the futures that lie ahead (Jasanoff,
2015). This way, new forms of sociotechnical imaginaries emerge
through enmeshing the imaginative work of various social actors “in
performing and producing diverse visions of the collective good,” or
collective fears (Jasanoft, 2015, p. 11).

Coined by Jasanoff and Kim (2009) and later adapted by Jasanoff
(2015), the term “sociotechnical imaginaries” refers to socially shared
visions of worth pursuing or troubled futures. These visions, which
can be endowed with hope or fear (Rahm, 2023b), are animated by
shared beliefs about the new forms of social life and order that can
emerge through
(Jasanoff, 2015).

Sociotechnical imaginaries partially carry the characteristics,

scientific and technological developments

norms, and values that prevail within specific social groups or time
periods. Hence, they are not stable but dynamic and context-related.
They can change over time (Chateau et al., 2021) while they may differ
between socio-spatial contexts (Smith and Tidwell, 2016), often pro-
ducing various contested or parallel forms of conceiving sociotechni-
cal futures (Mager and Katzenbach, 2021). This characteristic should
not be viewed as a shortcoming of the theoretical foundation behind
sociotechnical imaginaries research. Instead, it opens up several
opportunities to understand the future.

Although they do not - or even attempt to — precisely describe a
single sociotechnical future, these imaginaries can help capturing the
significance of the many possible futures (Lennon, 2015). Additionally,
they shape expectations that, in turn, reform social actors priorities
and plans (Rudek, 2022) and support the development of lines of
thinking, the construction of choice canvases, and the establishment
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of courses of action (Sismondo, 2020). If, as we noted above, imagina-
tion produces positive outcomes, sociotechnical imaginaries lend
meaning to the products of imagining by loading them with expecta-
tions and embedding them in future projections of social life.
Importantly, the shared visions of sociotechnical futures largely deter-
mine what resources would be mobilized (Chung, 2025), what prac-
tices would be enacted (Martinez, 2022), and what technologies
should be developed to achieve (or avoid) desirable (or undesirable)
futures (Linderoth et al., 2024; Preininger, 2024).

In this respect, sociotechnical imaginaries play a pivotal role in
informing policy-making and un-making (Levidow and Raman, 2020;
Levenda et al., 2019; Jasanoft and Kim, 2013). Additionally, they serve
another critical purpose. They can offer a solution to the long-stand-
ing question of how to achieve at least a baseline level of social control
over (or, at least, societal actors” involvement in) technology develop-
ment. Reflecting the ideals, hopes, fears, and ideas of societal actors,
sociotechnical imaginaries construct a rich picture of how societies
view the futures that (might) come, thus offering science a series of
problematizations and problem framings.

3.3 Sociotechnical imaginaries of a
sustainable agri-digital future

The high level of performativity characterizing sociotechnical
imaginaries (Rudek, 2022; Jasanoff and Kim, 2013), and their contri-
bution to future-making (Mager and Katzenbach, 2021) fed the popu-
larity of the concept beyond its birthplace — energy research (e.g.,
Kuchler and Stigson, 2024; Carvalho et al,, 2022; Rudek, 2022;
Longhurst and Chilvers, 2019) - as a tool for studying transitions in
mobility (Martin, 2021) and educational systems (Webster, 2025), or
to a digitalized (Hassan, 2020) and environmentally sustainable future
(Beck et al., 2021), to mention only a few areas of application. In agri-
cultural systems research, the concept also witnessed growing interest.
For example, Polzin (2024) examined how dominant sociotechnical
imaginaries influence the trajectories of German agrifood systems,
undermining novel visions of sustainable agriculture. Omar and
Thorsee (2025), analyzing calls of the Horizon Europe Program
related to the “Farm to fork” strategy (2021-2024), uncovered that
they reflect three principal imaginaries: the need to leverage nature-
based solutions to reduce the environmental pressure caused by agri-
culture, the production of proteins from alternative (non-animal)
sources as a means to ensure a healthy diet for citizens, and the utiliza-
tion of digital technologies by medium- and small-scale farmers as a
vehicle for promoting justice in agrifood systems.

In the strand of literature exploring the futures of digital agricul-
ture, imagination and imaginaries are key concepts. Even the terms
“smart farming” and “Agriculture 4.0,” which are often used inter-
changeably with digital agriculture, encompass imaginaries of an
intelligent and revolutionary type of farming. Imagination is, thus, an
essential practice for understanding the futures that digital technolo-
gies can forge (Fielke et al., 2022).

Led by a group of Australian scholars working on the Digiscape
project (an Australian nation-wide initiative aiming to generate a pal-
ette of agri-digital technological products), a new subfield employing
imagination as a practice for building future scenarios and technolo-
gies that match societal and policy goals emerged (Fielke et al., 2021;
Fleming et al., 2021; Fielke et al., 2019). Others contributed to the
field, offering critical insights into how media and policy construct
positive imaginaries of digital and/or sustainable futures. For instance,
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Preininger (2024) showed that imaginaries cultivated by popular
media, though not always free of corporate interests, pave the way for
a transition to a digital agricultural future. Focusing on influential
international organizations, such as the Food and Agriculture
Organization, the World Bank, and the Organization for Economic
Cooperation and Development, Lajoie-O’Malley et al. (2020) con-
cluded that these institutions promote the idea of digital technologies
as tools for addressing critical sustainability challenges. Therefore, it
is not surprising that a new culture of “techno-optimism” prevails,
weaving positive sociotechnical imaginaries (Stroparo, 2025; Foster et
al,, 2023).

Such a culture can create a cluster of imaginaries colored by uto-
pian visions of a future in which digitalization is a panacea that
addresses grand challenges and opens up new windows of opportu-
nity, blurring its risks and uncertainties. Bain et al. (2020), in a study
analyzing the imaginaries of gene editing proponents in the USA,
uncovered a relevant pattern: gene editing is portrayed as a scientific
progress assimilating traditional plant breeding techniques and, thus,
leading to “nature identical” products, which can help address food
security concerns and democratize biotechnology development and
application.

Nevertheless, in societies, the existence of multiple contradictory
or conflicting imaginaries is the norm. In a study involving 1,000
Canadian farmers, Ruder et al. (2025) uncovered that positive, nega-
tive, and neutral imaginaries co-exist: power imbalances and divides
between winners and losers of the digitalization race go hand-in-hand
with imaginings of a more sustainable future, where the environmen-
tal footprint of agriculture will be decreased, while farming will con-
tinue to be human-centric despite the emergence of technologies like
farmbots and Artificial Intelligence.

4 Methods

The data for this study were derived from a workshop attended by
14 Greek experts. Five of them were researchers working in the field
of agricultural digitalization and sustainability (two conducting social
science research and three performing technology research), five were
farm advisors, and four were farmers who had adopted digital tech-
nologies (Table 1). Participants provided informed consent. Involving
these three groups of participants we attempted to merge different
imaginaries of agri-digital and sustainable futures, through integrating
the visions of digital technology and sustainability-related innovation
developers (researchers), field-level actors (farmers who adopted digi-
tal technologies and are requested by policy to follow sustainability
paths), and intermediaries (farm advisors), who act as agents facilitat-
ing the transition process and the extraction of value from it (Nettle
etal., 2025).

Potential participants were selected from a list of actors involved
in previously held research projects that had as a central purpose to
support sustainable agricultural digitalization: the first aimed to lever-
age digital innovation to increase the competitiveness and sustain-
ability of farmers and supply chains in the Mediterranean area, and
the second to promote responsible digitalization in short food supply
chains. We adopted this strategy to ensure that all participants are
familiar with agricultural digitalization and sustainability. The list of
people involved in workshops conducted within these projects
included more than 120 actors (farmers, researchers, and farm
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TABLE 1 Characteristics of the experts participating in the workshop.

Participant Professional position and

characteristics

10.3389/fsufs.2026.1746682

Contribution to scenarios

Contributor

Co-developer

1 Researcher (Woman, 44 years old) 2 3,4
2 Researcher (Man, 51 years old) 1 2,3
3 Researcher (Man, 33 years old) 1 2,3
4 Researcher (Man, 46 years old) 4 2,3
5 Researcher (Woman, 52 years old) 3 2,4
6 Farm advisor (Man, 39 years old) 2 3,4
7 Farm advisor (Woman, 52 years old) 3 2,4
8 Farm advisor (Woman, 37 years old) 1 2
9 Farm advisor (Man, 58 years old) 2

10 Farm advisor (Woman, 53 years old) 4 2,3
11 Farmer (Man, 29 years old) 1 3
12 Farmer (Man, 36 years old) 2 3,4
13 Farmer (Woman, 47 years old) 2 1,3,4
14 Farmer (Man, 38 years old) 3 1,4

The title “co-developer” has been attributed to those participants who initially described the scenario. The column “contributor” indicates the scenarios for which participants provided input.

advisors). Among them, we randomly selected and invited five indi-
viduals from each group (forming a total of 15 potential attendees).
We did not increase the number of invitations to keep the final group
manageable. One farmer was unable to attend the workshop. As a
result, the final number of participants was 14. To surface participants’
sociotechnical imaginaries of agricultural twin transitions, we asked
them to envision the evolution of digital agricultural technologies over
the next 20 years and their potential impacts on society, and share
their visions with the group. The key features of each imagination were
written on a whiteboard. Then, we invited experts to collectively
develop views on the potential futures that these technologies create,
using these notes as a guide. Two facilitators encouraged the engage-
ment of all participants in this process and stimulated conversation
among workshop members. This way, four scenarios were developed
by experts. Based on the premise that individuals may hold multiple
visions of the future (Seligman et al., 2013), we invited participants to
optionally add to these scenarios (even if they did not contribute to
their initial development), unless they consider them unlikely to
occur. We followed this strategy to enrich data.

To help experts frame their thinking and identify imaginaries
that reflect not only technology-induced social changes but also
describe how these changes will emerge and what actors will be
affected, we built our data collection process on Rahm’s (2023b)
sociotechnical imaginaries model. In her study, Rahm conceptualizes
sociotechnical imaginaries as webs of four interlinked constructs
(Figure 1). Technology refers to the set of existing and expected arti-
facts that may produce significant social change. The subsequent
social transformations (and the technologies behind them) generate
new problematizations, i.e., conceptualizations of what constitutes a
problem, the impacts this problem will have, and the types of solu-
tions that exist or should be developed to address it. Moreover, a
critical problematization is who will be impacted by sociotechnical
changes. Although agricultural production concerns and affects all
members of society, some groups (target populations) might bear a
disproportionately high share of the expected impacts of
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FIGURE 1

The four components included in Rahm's (2023b) sociotechnical
imaginaries model.

digitalization. Notably, these problematizations do not emerge out of
nowhere. Societal actors - such as the scientific community, policy
actors, governmental organizations, corporations, and other entities
from the private sector, social movements, activists, the media com-
munity, organizations operating in the third sector — produce and
guide problematizations, individually or collectively, synergistically
or antagonistically.

During the workshop, we motivated participants to imagine and
reflect on these four points (technology, problematizations, collective
actors, and target populations), asking a series of questions concerning
the next 20 years (Table 2). Extra probes (like “tell me about” or “let
us discuss more about it”) were used to elicit details about the sce-
narios built. Then, we asked workshop members to describe the roles
and competencies of science actors in the futures they envision.

Given that imagination is based on connections between the
(known) past and expected future (Bazzani, 2023), we asked experts
to parallel the scenarios they create for the future with past evolution-
ary lines of technology and associated social changes, generating his-
torical analogies. The term refers to the cognitive schemes emerging
when comparing a past event, phenomenon, or trajectory with
another that evolves in the present (Spellman and Holyoak, 1996). In
these analogies, knowledge of past events, phenomena, or their
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TABLE 2 Questions used to elicit data on technology, problematizations, collective actors, and
target populations.

Domain Questions

Technology How will digital agricultural
technologies evolve?

Do you expect new digital
agricultural technologies to emerge?
‘What will these technologies look

like? What will they do?

Problematizations ‘What problematizations will
digitalization generate?

What types of problems do you
imagine?

What is the possibility of these
problems emerging?

Do you envision any solution to these

problems?

Target populations ‘What impacts do you think
digitalization will have on society?
Are there any indirect societal
impacts (e.g., through the effects of
technology on the natural
environment)?

Who will be affected by agricultural

digitalization? How?

Collective actors Do you expect that the societal
impacts of agricultural digitalization
will lead social groups to raise
problematizations?

What actors will raise
problematizations and how?

Will these actors collaborate to

produce problematizations?

‘Who will lead the process?

Roles of science ‘What science must do?
What roles scientists must play in this

scenario?

evolutionary paths serves as the foundation for people’s efforts to
understand the current or future trajectories of target events or phe-
nomena (Gentner, 1983). This way, narratives about the future and the
roles of various actors in it are constructed by drawing lines from the
past (Ghilani et al., 2017).

5 Results

5.1 Scenario 1: future perfect — twin
transition as a technological fix

The first imaginary emphasizes the enormous growth of digitali-
zation, which is expected to continue progressing rapidly. According
to this view, new tools and applications will be developed and inte-
grated into existing technology building blocks. Second or even third
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generations of technologies or evolutionary shifts in the ways Artificial
Intelligence is used will emerge over the next two decades, opening
new opportunities to increase productivity and reduce the environ-
mental impacts of farming.

Participants expressed the belief that digital tools used on the
farm, such as farmbots, drones, and sensor networks, will be refined
so that they gradually enable advanced functionalities, “just like
smartphones gradually became what they are today,” as mentioned by
an advisor. As an example, a participant described the envisioned evo-
lution of wearable sensors for trees:

“I believe in the future these sensors will be more accurate in
their measurements, and the materials used for their production
will endure harsh conditions.”

Moreover, the competition among AgTech companies will provide
impetus for producing more sophisticated, intelligent, and cost-effec-
tive technologies. The anticipated reduction in the prices of digital
technologies over the coming years is likely to increase adoption rates,
thus opening up opportunities to digitalize not only large-scale but
also smaller (yet intensive) farms.

So, what will happen with small-scale farmers? This question
yielded mixed answers. For some, the adoption process will gradually
span across all farmers. Hence, the inclusion of these farmers in the
digitalization process will naturally arise as a result of the technology
diffusion process. A pivotal task for scientists is to expedite adoption
by helping farmers understand the potential and applicability of digital
technologies and by improving the user interface design of future
technologies.

From a second viewpoint, farmers lacking the financial resources
to afford digital technologies will continue doing business as usual, but
will take advantage of some simple and/or open applications that can
help them improve their efficiency and environmental performance,
thus engaging in a form of “semi-digitalized agriculture,” as said by an
expert. In this sub-scenario, scientists should work on creating parallel
digitalization lines: a more intensive one, which will involve advanced
technologies capable of transforming farming, and a less advanced one
that, nonetheless, can bring several benefits to users.

In this imaginary, nature will continue to offer its resources to
farming. However, the evolution of data science, along with the con-
tinued advancement of decision support systems, is expected to create
new opportunities for more efficient use of resources (e.g., irrigation
water, soil nutrients). Notably, technologies that produce energy from
clean sources are anticipated to be developed and applied in agricul-
ture. It is worth noting that this scenario involves cross-sectoral coop-
eration, in which energy and agricultural technologies are created
collaboratively, and on-farm technologies are developed by AgTech
corporations based on insights emerging from the experiences of
other sectors. The following quote summarizes this perception:

“Supply chain tracking systems can be used to monitor the
inputs and outputs in an animal farm, or implantable sensors
like those used in medicine can be adapted and used to monitor
the health of cows. The lessons learned from other industries can
inform and transform agriculture”

In this perspective, the main problematization is how to achieve

an efficient collaboration among actors operating in different indus-
tries. According to the advocates of this imaginary, this is a
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challenging endeavor for policy. Current policy frameworks and ini-
tiatives, such as Horizon Europe, have a somewhat unclear focus on
promoting cross-sectoral innovation, as they place limited emphasis
on the sustainability of the networks they create. An interesting view
expressed during the workshop was that these initiatives exclude big
players of the technology industry from (or do not offer sufficient
incentives to these actors to be included in) their efforts to boost
research and innovation.

Key actors in shaping problematizations in this imaginary include
AgTech developers, companies from sectors that have been and will
continue to be transformed by digitalization, researchers, policy-mak-
ers, and farmers. The latter group is expected to experience a signifi-
cant increase in status and well-being, absorbing the majority of the
benefits of digitalization. Concerning consumers and society, support-
ers of this scenario foresee multiple benefits: access to better, healthier,
and more affordable products, as well as a higher quality of the natural
environment due to the reduced the negative environmental impacts
from farming.

5.2 Scenario 2: future as continuation of the
present — twin transition as scientific fiction

In the second imaginary, the twin transition is viewed as a hard,
if not impossible, target. That is not to say that digital technologies will
not continue to evolve. As in the first scenario, participants envision
an advancement of technology in the years to come, without parallel
progress toward sustainability goals. In this vein, to use a farmer’s
words, twin transition is:

“Scientific fiction. Sustainability is more like a dream that cannot
be realized, a scientist’s dream, than a real target”

Drawing lines with past sociotechnical transitions, experts paral-
lelized this scenario with the waves of agricultural mechanization and
the Green Revolution, describing it as a scene where technologies
continue to mature and be adopted by farmers, making farming
easier but without meeting societal expectations for a fairer and more
sustainable agrifood system, or even producing more environmental
problems than those anticipated to solve. Proponents of this vision
agreed that the technology advancements would not lead to a reduc-
tion in the environmental burden produced by agricultural activities.
“Not if we consider the footprint of technology development,” as
noted by a participant. The increased production of technologies will
consume vast amounts of energy, while data storage and maintenance
will also contribute to the depletion of resources. Interestingly, some
participants discussed the reliance of digital technology on rare
earths and scarce metals, which makes its production
unsustainable.

At the farm level, it is also questionable whether digitalization will
lead to positive environmental and social outcomes. Despite their
potential for “correcting errors associated with the environmental
management of a farm” (according to an advisor), only minor
improvements are expected in terms of contributing to the fight
against climate change or increasing biodiversity. As one of the pro-

ponents of this imaginary commented:
“Honestly, it is difficult to find any connection between the use

of digital technologies and biodiversity conservation. It is more
like a hope than a claim that holds some truth”
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In general, some of the participants do not seem to trust tech-
nology providers. In this scenario, AgTech companies are seen as
actors pursuing a single agenda: to promote technology and
increase their returns. Sustainability promises are, in this vein, a
form of advertising technologies; a part of the antagonistic game
played in a highly competitive industry, or even a form of
greenwashing.

Collective actors, such as environmental activists, citizen organi-
zations, and the media, are expected to raise concerns about the actual
capacity of digital technologies to support the pursuit of sustainability,
as well as questions about the legitimacy of high public investment in
digital technology development. According to this imaginary, in
response to societal concerns over the funding of digitalization, sci-
ence should continuously assess the sustainability performance of
digital agriculture, seek ways to improve the sustainability outcomes
of going digital, and inform policy about the risks entailed in the digi-
talization process.

Interestingly, in this scenario, citizens with low incomes are
expected to bear the bulk of the impacts of an unbalanced twin transi-
tion, as they are anticipated to see their purchasing power decrease
due to the envisioned increase in food prices, which is considered a
likely outcome of digitalization. Nevertheless, other groups not
directly linked to agricultural production may also be affected by the
direction of state and private funds to the development of digital agri-
cultural technologies. “That money could be used to support health
research, public care services, or education,” said a farmer to defend
this contention.

5.3 Scenario 3: future perfect (after
continuous corrections) — twin transition as
a scientific refinement

The third imaginary lies between the two that have been presented
above. As in the previous scenarios, digital technology development
is expected to continue, leading to new artifacts that are marketed with
the promise of accelerating the sustainability transition of agrifood
systems. However, what makes this narrative different is the emphasis
put on the corrective actions that will follow possible failures to meet
sustainability-related expectations.

Interestingly, participants who developed this scenario agreed that
digitalization will proceed faster than the achievement or even the
setting of sustainability goals, as a result of market pressures. The com-
petition among AgTech actors, the cultivation of high hopes for the
bright prospects of digitalization by popular media, and investors’
interest in digital agriculture will attract new actors to the field. Hence,
companies with no previous involvement in agricultural technology
development will enter the market, thereby boosting innovation and
increasing the variety of available digital tools. However, according to
this imaginary, these tools will focus more on increasing farming effi-
ciency and reducing the burden of farm work than on greening the
agrifood sector.

“It is a logical evolution,” said a researcher. “Farmers care more
about increasing their production and making work easier than reduc-
ing their impact on the environment, and, much more, about social
sustainability. Companies [that produce digital agricultural technolo-
gies] are always interested in meeting consumers’ demands. If policies
do not enforce [emphasis added] the achievement of sustainable goals
in some way, then the development of these technologies will follow
market rules, as it always happens””
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Commenting on the above, a farmer mentioned that “it is difficult
for a producer to estimate the environmental impacts of their activity.
Farmers purchase technologies to enhance productivity and save time
and effort. Calculating their impacts is not a job for farmers.”

From these two comments, a critical question emerged: Who will
take the responsibility for ensuring that digital technologies really con-
tribute to sustainability transitions? Participants left little room for
doubt: science and policy are the realms that will oversee the trajec-
tory of digitalization and direct it toward achieving sustainability-
related targets. This process of continuous supervision of digitalization
will be based on consecutive assessments of the positive and negative
impacts of digital technology production and implementation at the
farm level and beyond (in food processing, storage, and
distribution).

The historical analogy used was that of automobile technology,
where the initial aims of facilitating fast, convenient, and safe mobility
were expanded to include sustainability considerations, and new prod-
ucts were developed to achieve relevant objectives. However, a signifi-
cant difference between the two evolutionary lines is that this scenario
views twin transition as a transparent process, where societal actors
like citizen organizations, governmental and non-governmental orga-
nizations, and funding schemes (especially those representing policy
initiatives) collaborate with science and policy actors to detect prob-
lems in time, analyze them, and propose solutions.

Science actors, in this respect, are charged with the task of co-
constructing problematizations with societal actors. Beyond the sus-
tainability performance of digital technologies, problematizations
concern the social impacts of agricultural digitalization (effects on
farmers’ well-being and workers’ rights), and its ability to increase the
economic returns of adopters without compromising the affordability
of food. Hence, target populations include farmers, farm workers, and
the financially vulnerable consumer segments.

The co-shaping of problematizations is expected to initiate sci-
ence-led initiatives aimed at producing positive transformations. New
technologies will therefore emerge as customized solutions to the
problematizations arising, promoting sustainability transitions.
However, as noted by experts, this will not be a one-stop process.
Given that the AgTech industry will continue to prioritize economic
growth, sustainability objectives will remain secondary to financial
goals. To respond to this challenge, science must continuously moni-
tor twin transition paths, redefine problematizations, and refine tech-
nology development, while, in parallel, guiding relevant policy actions.

5.4 Scenario 4: error 404 — expected future
not found

The fourth imaginary radically differs from the other three. As in
the previous scenarios, digital technologies will continue to evolve,
and new AgTech players (startups and invaders from other technology
sectors) will enter the scene. However, central to this imaginary is the
emphasis on the capacity of technology to achieve the desired aims
not only by meeting sustainability expectations, but also by improving
farming performance. The imaginary describes a future where farmers
and other actors face significant difficulties in fully extracting value
from digital technologies.

For those who contributed to this scenario, a primary source of
concern is the quality of digital technologies. “All technologies present
problems in their first phases of development,” commented a farm
advisor, explaining that “to believe that digital technologies are an
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exception to this rule is illusory” Being the outcome of rushed devel-
opment procedures, where testing periods and processes do not pro-
vide sufficient time and space for validation, technologies are likely to
suffer from functional problems, ranging from minor glitches to major
failures, such as crashing, data loss, or even complete system failures.
As a researcher noted, software bugs, incompatibilities between sub-
sequent generations of the same technology or between technologies
produced by different designers, design flaws, or the use of unreliable
materials in their production can lead to these failures. “As the com-
petition in the industry is extremely high, and everybody runs to pro-
duce new technologies, design errors are quite likely to occur”

Moreover, participants foresee misfits between digital and analog
technologies, or issues associated with the performance of digital tools
in harsh agroclimatic and unfavorable geological conditions, such as
high levels of humidity and extreme heat, which can reduce the effi-
ciency of sensor networks, or non-flat farm terrains and slopes that
can pose difficulties in the use of agricultural robots. Hence, this
imaginary conceives of digitalization as a process that may be hin-
dered by the inability of technologies to perform effectively, thus
breaking the promise of bringing significant benefits to farmers.

Such a situation might lead to disappointment among adopters
and limit further diffusion of digitalization. However, experts added a
new element to the discussion: social opposition to digital agricultural
technologies. As they stated, the low performance of digitalization
may lead some social groups to reject the digital modernization of
agriculture, advocating instead for an “anti-smart” or “analog” farming
style. Although those who adhere to this scenario did not describe
opposition as an offensive stance (e.g., sabotaging technologies), they
believe that anti-smart activism can delay agricultural digitalization,
especially when opponents build their claims upon social and ethical
concerns, like the replacement of farm workers from technologies,
farmers’ loss of control over their data, and the environmental burden
caused by the production of digital tools. Notably, half of the partici-
pants who contributed to this scenario view the emergence of con-
spiracy theories as a potential outcome of opposition to agricultural
digitalization. Fed by misinformation spread through social media
and misinterpretation of scientific findings, concerns over the dark
purposes of technology giants, the fear of surveillance through tech-
nologies, and the relation of digital agriculture with technologies
already surrounded by misleading claims, like 5G, these theories can
erode trust in digital technologies and discourage farmers from fol-
lowing digitalization.

This imaginary presents a future in which agricultural digitaliza-
tion progresses at a similar pace to that of wind farm technologies,
which was the historical analog mentioned by participants.
Technology evolves, but failures, design errors, and decreasing social
acceptance, reduce its potential to fulfill its purposes. Policy actors,
along with academia and research institutes, legislative bodies, farm
advisors and farmers’ organizations are those who will raise problema-
tizations related to the feasibility of shifting to digital agriculture, the
ability of digital technologies to achieve sustainability targets, the stan-
dards that technology providers should meet, and the potential
impacts of technology failure on adopters and people working in
AgTech industry, who represent the populations that will absorb the
negative consequences in this scenario.

Beyond expressing problematizations and collaborating with
other actors to refine them, science in this scenario is called to under-
take a series of duties, spanning from the more technical to the social
end of agricultural digitalization. On the technical end of the
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spectrum, scientific actors should establish robust protocols for tech-
nology development, ensure that digital technologies are compatible
with varying ecoclimatic conditions, and conduct sustainability
assessments. On the social end, they are required to coordinate plans
for the responsible diffusion of technology, monitor societal accep-
tance of digitalization, and promote public dialog on the prospects
and externalities of digitalization in agriculture.

5.5 Differences between the supporters of
each scenario

Although participants collaboratively created the four scenarios,
a closer look at who supports each imaginary is worth doing. As the
data presented in Table 1 reveal, the first, optimistic, scenario was
developed by two researchers (51 and 53 years old), a farm advisor
(37 years old), and a young farmer (29 years old). The co-developers
of the second scenario, which is characterized by less idealistic expec-
tations about the ability of technology to address sustainability chal-
lenges were two male farm advisors (aged 39 and 58), two farmers (a
47 years old woman, and a 36 years old man) who manage farm enter-
prises that have adopted digital technologies, and a social science
researcher (44 years old). Although quantifying the results was beyond
the scope of our analysis, this scenario was the most popular among
participants, as Table 1 highlights. The third scenario was formulated
by a researcher (52 years old), a farm advisor (52 years old), and a
farmer (38 years old), and the less optimistic fourth scenario was con-
ceptualized by a social science researcher and a farm advisor (46 and
53 years old).

Interestingly, the above-mentioned observations do not reveal any
robust pattern of social influence in the formation of imaginaries.
Notably, all farmers participating in the workshop operate intensive
farms with arable crops and orchards, and have adopted digital tech-
nologies in recent years. Hence, drawing any conclusions about the
influence of farm intensification on shaping future visions is risky.
However, it is worth noting that two researchers who initially mapped
out the first imaginary conduct technology-oriented research, while
the two social scientists hold modest perceptions of the futures that
digitalization creates, as evidenced by their contributions to the
second and fourth scenarios. This finding may indicate a level of
techno-optimism in technology-oriented research, also exposing the
skepticism that characterizes social science regarding the ability of
digitalization to promote agricultural sustainability.

6 Discussion and conclusion

In the present study, we aimed to depict sociotechnical imaginar-
ies surrounding the agricultural twin transitions and, through these
imaginaries, to portray the roles that science should play as a catalyst
of desirable twin transitions. Instead of attempting to draw a picture
of a unified future, our sociotechnical imaginaries perspective offers
the opportunity to see the plurality of futures (Mager and Katzenbach,
2021), thus helping to depict more accurately the many possibilities
and uncertainties that follow transitional processes. Moreover, even
when they seemingly counter each other, imaginaries of sociotechni-
cal futures allow for the uncovering of new areas in which science can
or should intervene, developing new designs and building and sharing
new values (Sadowski and Bendor, 2019). Perhaps more importantly,
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these shared visions, despite their positive or negative coloring, open
up spaces of commoning in the process of designing desirable futures
(Sardao and Silva, 2024), suggesting joint actions that should be taken
in the present to ensure (or avoid) wished (or dystopian) futures.

Framing our analysis around the four-component model pro-
posed by Rahm (2023b), we attempted to explore the different visions
that farmers, farm advisors, and researchers hold on the futures that
digital agricultural technologies shape, and the degree to which these
futures lead to more sustainable ways of farming and living. Our
approach led us to sketch imaginaries ranging from purely optimistic
to rarely pessimistic scenarios about agricultural digitalization and the
hoped achievement of sustainability goals (Table 3). In the following
subsection, we discuss these shared visions and the roles of science in
the futures they sketch.

6.1 Sociotechnical imaginaries of twin
transitions and the (new) roles of science

The imaginaries that emerged through our workshop share some
components but also present significant differences. Although in all
four scenarios, agricultural digitalization proceeds at a rapid pace, the
ability of digital technology to meet the promise of an easier and more
efficient future, and its contribution to sustainability, range from cer-
tain to dubious. This diversity in the visions of twin transitions does
not represent a shortcoming of sociotechnical imaginaries. Instead,
variation in viewpoints and imaginings provides the ground for creat-
ing common ideations about the future and the optimal ways to
approach it (Ingold, 2017).

Not surprisingly, when considering the promotion of digitaliza-
tion on the part of media (Mohr and Hohler, 2023) and policy
(Gugganig, 2025; Kovacic et al., 2024), three of the identified imagi-
naries view the future as digital. However, only the first scenario pres-
ents agricultural digitalization as an unproblematic process that can
undoubtedly facilitate the transition to sustainability. In a sense, this
scenario embodies the peril of solutionism: it is based on the pre-
sumption that technology can solve existing problems through its
revolutionary potential (Seetra and Selinger, 2024), without consider-
ing any potential unintended effects on adopters or society.
Remarkably, participants who contributed to this scenario conceive of
the evolution of digital agricultural technologies as an analog to the
progression of mobile phone technology, without discussing its
adverse outcomes.

Key problematizations in this imaginary center on the collabora-
tive effort to develop better technologies and increase technology
adoption rates. Beyond factors like financial (Kitole et al., 2024) and
advisory support to potential adopters (Suresh et al., 2025), the diffu-
sion of digital technologies appears to be influenced by the formation
of social structures that enable the exchange of institutional support
and flow of knowledge among actors, as Da Silveira et al. (2025) con-
clude in their study. That is a critical role that science must play, while,
in parallel, upgrading technologies and developing low-end techno-
logical solutions that open up digitalization spaces for farmers who
cannot afford high-tech solutions.

The second and third scenarios present more modest views on the
potential of digitalization to address sustainability challenges, either
because digital technologies have a significant environmental and
social footprint (Scenario 2) or because the technology industry,
which leads the digitalization game, prioritizes farm efficiency over
environmental and social sustainability (Scenario 3). What is common
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TABLE 3 Summary of the four sociotechnical imaginaries.

How to boost technology adoption?

achievement of sustainability goals?

Is the investment in digital technology worth making?

performance of digitalization?
What are the social and economic impacts of

digital transitions?

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Plot Twin transitions evolve. Digital technologies address critical | Digital technologies evolve and are adopted, but they Digitalization proceeds, but it is often marked The race of competition spurs technology
challenges in agrifood systems, paving the way for a fail to spur sustainability transitions. by failures to achieve sustainability targets. development. However, technologies fail to
sustainable future. Science and policy surveil twin transitions, meet their promises. Social opposition (along

steering digitalization in directions that help with conspiracy theories) emerges, reducing
meet sustainability expectations. the pace of adoption.

Technology Technologies are continuously improved. New technological | Technologies are continuously advancing, Technology development evolves fast. The tools | Technologies are produced and adopted, but
blocks are developed through merging the knowledge of encompassing new functions that make farming produced improve farm efficiency and they suffer from frequent failures, misfits, and
different sectors. Parallel lines of “softest” technologies easier. Their production consumes high amounts of performance, but their contribution to pursuing | incompatibilities. Agricultural digitalization
evolve as solutions targeted to small-scale farmers. energy and limited resources. Their contribution to sustainability is limited. However, a social cannot achieve sustainability targets or meet

addressing grand challenges is limited. supervision process ensures the early detection the expectations for an easier and improved
of deviations from twin transition targets and farm life.
the implementation of corrective actions.
Problematizations How to promote cross-sectoral collaboration? What is the contribution of digitalization to the What is the environmental sustainability Is transitioning to digital agriculture feasible?

How to ensure that digital technologies will
meet sustainability objectives?

What rules and protocols should digital
technology development follow?

What are the impacts of technology failure

(and for whom)?

Collective actors

Technology developers, industry actors, researchers, policy-

makers, farmers.

Environmental activists, citizen organizations, media,

science actors.

Science and policy actors, citizen organizations,
governmental and non-governmental

organizations, funding schemes.

Science and policy actors, legislative
organizations, farmers’ organizations, farm

advisors.

Target populations

Farmers and consumers.

Consumers facing economic barriers, sectors of social

Farmers, farm workers, financially vulnerable

Digital technology adopters, workers in the

technologies.

life competing with AgTech for the same economic consumers. technology industry.
resources.
Historical analog Evolution of mobile phones. Farm mechanization and Green Revolution Automobile technology. Evolution and acceptance of wind energy

technology.

Roles for science

Promoting technology adoption, improving technologies,

developing low-end digital technologies.

Assessing the sustainability of digital agriculture,
improving the sustainability performance of
digitalization, communicating the risks of

digitalization to policy-makers.

Co-shaping problematizations with non-science
actors, developing tailor-made solutions,
continuously monitoring twin transition paths
and setting forth new problematizations,
informing policy actors and guiding policy

action

Defining technology development protocols,
improving the fit of digital technologies with
varying conditions, assessing the sustainability
performance of digitalization, collaborating
with non-science actors, coordinating
responsible technology diffusion, monitoring

social beliefs of digitalization.

‘le 19 sexnor]
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to these two narratives is that they echo the concerns of scholars
(Hackfort, 2023; Lioutas and Charatsari, 2020; Bronson, 2019; Rotz et
al.,, 2019) about the power that AgTech companies have to direct agri-
cultural digitalization toward serving their agendas. However, one can
find silver linings in both imaginaries, as they involve the individual
or collective effort of social actors to identify problems and take
action. Environmentalists, actors from the media system and the civic
sector (in Scenario 2), and governmental organizations, entities acting
in the third sector, and funding schemes (in Scenario 3), are those who
will co-create problematizations about the sustainability performance
of digitalization.

The difference between the two imaginaries lies in the ways these
problems are approached and translated into understandings of what
should be done to solve them. Although in the second scenario soci-
etal actors seem to accept the inability of digitalization to spur sustain-
ability transitions, the third imaginary includes remedial actions on
the part of science and policy actors, thus adding a social supervision
component in the process of transitioning toward digital and sustain-
able futures, as the frameworks of Responsible Innovation (Stilgoe et
al,, 2013) and Responsible Research and Innovation (Von Schomberg,
2013) advocate. Hence, beyond continuously assessing the sustain-
ability of digital agriculture, science has the challenging duty to guide
the process of co-constructing problematizations, inform policy-mak-
ing, and rectifying twin transition trajectories.

Finally, the fourth imaginary poses an intriguing question: what if
digital technologies fail to deliver their promises, not only for address-
ing grand challenges but even for making farming easier? Science is
called to take both preventive and remedial actions to address potential
technology failures. The former requires the establishment of robust
protocols for technological innovation. The latter can be achieved by
ensuring that there is no technology performance gap between the
laboratory proof-of-concept and implementation in field conditions.
To the best of our knowledge, the relevant literature provides limited
evidence on the transferability of experimental results to confirm the
efficiency of these technologies in real farm settings (Lioutas et al.,
2021). A demanding endeavor for science actors, as emerged through
our workshop, is assessing the performance of digital technologies
within and beyond the limits of farms. The first strand of this task -
validating the potential of digital agricultural technologies — can be
particularly challenging, mainly when focusing on aspects of technol-
ogy performance that depend on human-technology interaction, such
as technology-driven decision-making (Shepherd et al., 2020). Creating
communication channels that connect science and farmers is critical
to appraise the operational efficacy of digital technologies. The
second - assessing how digitalization, as it evolves, affects the sustain-
ability of agrifood systems — requires the development and implemen-
tation of tools and approaches that, ideally, combine metrics and data
with qualitative techniques that look beyond the numbers (Hatanaka
etal., 2022).

Nevertheless, before problematizing the technical and sustainabil-
ity performance of digital technologies, science must first answer
whether agricultural digitalization is feasible and worth pursuing, and
define the standards that technologies should meet. Participants
endorsing the failure imaginary view the intense competition within
the AgTech industry as a factor that will likely lead to the development
of low-quality technologies, due to the reduction of time and emphasis
devoted to technology testing and validation. Hence, another critical
problematization centers on the rules and protocols governing tech-
nology development.
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To propose solutions to these problems, science is called to coor-
dinate responsible technology development and diffusion projects, in
which policy-making bodies, legislative organizations, and field-level
actors co-construct problematizations and envision and apply possible
solutions. Strengthening the links between science and these actors,
and engaging other societal stakeholders (e.g., citizen organizations,
activists) in the process of directing twin transitions, serves another
pivotal purpose: it enables science to continuously monitor the evolu-
tion of social perceptions of digitalization.

Although studies inquiring into the societal acceptance of agricul-
tural digitalization do exist (Charatsari et al., 2024; Zeddies et al.,
2024; Pfeiffer et al., 2021), our work brought to the fore an issue not
yet noted elsewhere: the possibility of social opposition to digital agri-
cultural technology to arise as a result of disappointment with the
inability of digitalization to drive the desired transformation of agri-
food systems, and the socio-ethical concerns that accompany the
modernization of farming. Such a pattern of objection to digitalization
resembles that observed in wind energy technologies (the historical
analog used in the fourth imaginary), where, despite the strong public
support, social opposition delays the expected progress in adoption
and the delivery of positive outcomes (Klok et al., 2023). In its more
intense form, opposition can be combined with conspiracy beliefs,
creating an unfavorable environment for technology adoption (Winter
etal., 2025).

6.2 Limitations, contribution and directions
for future research

A limitation of our study is its reliance on a small sample of farm-
ers, farm advisors, and researchers. Although the number of people
who contributed data to our expert workshop exceeded the minimum
recommended by some scholars - e.g., Fofana et al. (2020), and
Carlsen and Glenton (2011) suggest that 12 participants can lead to
data that reach sufficient saturation - and despite the emphasis attrib-
uted in our study on the information power that participants hold,
which can be more important than their number (Malterud et al.,
2016), increasing the sample size and variety of voices included in
future studies could lead to richer results. Involving more participants
would allow for a socio-structural analysis that could uncover how
existing social structures enhance or surpass visions of twin transi-
tions, or a social network analysis that can map the relationships
between actors and their centrality in shaping the imaginaries of digi-
tal and sustainable futures. Our study did not include such an analysis,
as we aimed to depict imaginaries and, through them, identify new
roles for science, without focusing on how social relationships catalyze
the formation of these imaginaries. However, future studies might
broaden the scope and analytical approach of our work, providing
relevant insights.

In addition, other stakeholders may hold different imaginaries
than those illustrated through our workshop. Our data were derived
solely from participants actively involved in the praxis of digital transi-
tion. Engaging other groups in the process of envisioning potential
agri-digital futures (e.g., non-adopters, actors from civic society)
could yield alternative imaginaries. Furthermore, although all work-
shop members were familiar with digital agriculture, it is important
to acknowledge that understandings of digitalization and/or sustain-
ability may vary among participants. However, this is not necessarily
a shortcoming of the approach used, since it opens up possibilities for
elucidating diverse dimensions of agrifood futures.
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Moreover, following a typical pattern in sociotechnical imagi-
naries research, we did not quantitatively assess attributes such as
the positivity or plausibility of each imaginary, nor did we use
advanced data analysis techniques, as Ruder et al. (2025) did.
Adding a quantitative component could yield additional results,
enabling the identification of measurable differences. However,
qualitative analyses continue to form the basis of sociotechnical
imaginaries research, due to their ability to provide a comprehen-
sive overview of visions of the future, portraying a diverse array
of possibilities. Furthermore, in this study, we did not touch upon
the historization of identified imaginaries or their genealogy, as
Rahm (2023a) termed it. Future researchers can focus on histor-
ization, examining how a series of events, cultural shifts, and evo-
lutionary patterns in both technology and society lead to
conceptions of the present and imaginings of the future. The lin-
eage of current imaginaries deserves attention from future
researchers, as it can reveal why people develop the visions they
hold about twin transitions of agriculture.

Study limitations notwithstanding, our work contributes to the
understanding of digital and sustainability transitions in agrifood sys-
tems. From a methodological standpoint, integrating Rahm’s (2023a)
four-component model and using historical analogs represent poten-
tially valuable contributions to the sociotechnical imaginaries litera-
ture. Future research in the field can utilize and potentially refine the
approach used here.

From a theoretical perspective, our study makes three contribu-
tions. First, combining imaginaries of technology and social life
with emerging problematizations, actors who collectively produce
them, and target populations, it provides a rich mosaic of imaginar-
ies around twin transitions, complementing previous work in the
field (Ruder et al., 2025; MacPherson et al., 2022; Eastwood et al.,
2021; Fleming et al., 2021). The visions included in these imaginar-
ies challenge dominant policy narratives about the imperative to
digitalize current agrifood systems as a means to achieve sustain-
ability targets (Lajoie-O’Malley et al., 2020).

Second, our findings point out the need to broaden our focus
beyond farmers and farm workers when studying the impacts of
agricultural digitalization. As the analysis revealed, low-income
consumers may be negatively affected by an increase in food
prices that will likely follow digitalization. Another notable result,
which merits further elaboration by future researchers, concerns
the feasibility of direct public funding in the pursuit of a twin
agricultural transition rather than investing in other sectors that
enhance human capital and social well-being, such as health or
education.

Third, the less-optimistic scenarios that emerged from the pres-
ent research allowed us to raise a series of new questions about the
roles of science in twin transitions. How can research effectively and
objectively appraise the impacts of digitalization on the environ-
mental and social sustainability of agrifood systems? How can sci-
ence rectify the trajectories of twin transitions when sustainability
targets are not achieved? How can societal actors be involved in the
monitoring, evaluation, and governance of twin transitions? What
are the most efficient strategies for connecting science and non-
science actors and enabling the co-shaping of problematizations?
How can these problematizations reach policy-making? What are
the scientific standards that should be met in the technology devel-
opment process? What factors can lead to technology failure, and
how can failure be avoided? Should we expect a Luddite movement
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against digital agricultural technologies, and how can science actors
identify the routes of such a movement by understanding the rea-
sonable concerns and imaginings held by technology opponents?
These questions warrant further research, as their answers can pro-
vide key insights into how science can support the twin transitions
of agricultural systems.

6.3 Conclusion

In this study, analyzing sociotechnical imaginaries of twin
transitions, we found that visions of agri-digital futures may vary
significantly, ranging from those that embody an unquestioning
faith in the ability of digital technology to spur sustainability tran-
sitions to less rosy scenarios. Science is requested to support and
guide twin transitions by continuously improving technologies,
assessing their sustainability performance, rectifying the trajecto-
ries of transitions, and, most importantly, collaborating with soci-
etal and policy actors to shape problematizations. These findings
underscore the importance of shifting to a more critical and inclu-
sive strand of science (Roeven et al., 2025) and support Ravetz’s
(1997) call to direct scientific efforts toward answering complex
and high-stakes “what if” questions. Viewed from a different
angle, our results suggest that science may need to challenge its
own assumptions about the role of imagination in research.
Sociotechnical imaginaries can be a helpful tool not for depicting
futures that will come, but for delineating futures that might come
and the actions that should be taken to deal with their many
uncertainties. As research on twin agricultural transitions contin-
ues to grow, we hope future studies will shed light on how desir-
able imagined futures can be realized.
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