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ABSTRACT

Background: Artificial intelligence (AI) is emerging as a transformative tool in global agriculture, although its
integration entails ethical implications that may exacerbate inequalities. This research provides a critical
analysis of the ethical use of Al in agronomy, examining global, national (Cuba) and local (Trinidad)
contexts. Methods: The study employed mixed methodology with systematic review, surveys (n=120), focus
groups (n=25) and key informant interviews. Quantitative data were analyzed through descriptive and
inferential statistics, while qualitative data underwent thematic analysis. Findings were integrated through a
SWOT analysis and validated using methodological triangulation. Findings: Results reveal a significant digital
divide (only 10% of farmers in Trinidad report acceptable connectivity) and high interest (70%) in
contextualized solutions. This research identify that 78% of technicians express concern about algorithmic
biases in solutions not adapted to the Cuban context. Based on SWOT analysis, we propose a four-dimensional
action plan with axes on infrastructure, training, contextualized development and governance. Conclusion: The
study concludes that ethical Al implementation in Cuban agriculture requires a sovereign approach prioritizing
frugal solutions, community governance and alignment with the socialist production
model. Novelty/Originality of this article: The uniqueness of this research lies in its critical ethical assessment
of the integration of artificial intelligence (AI) within a non-Western agricultural framework, specifically by
comparing the global discourse on Al with local realities in Cuba and Trinidad.
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1. Introduction

The integration of Artificial Intelligence (Al) into agricultural systems represents one
of the most significant technological shifts of the 21st century, fundamentally reshaping the
relationship between humans, technology, and the land. Globally, the Al in agriculture
market is projected to reach $4.7 billion by 2028, driven by applications in precision
agriculture, predictive analytics, automated monitoring, drone-based surveillance, robotic
harvesting, and resource optimization (MarketsandMarkets, 2023). These technologies
promise unprecedented enhancements in productivity, sustainability, and resilience
against climate variability, offering potential solutions to the grand challenge of feeding a
projected global population of 9.7 billion by 2050 (United Nations, 2024).
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The technological trajectory of agricultural Al has evolved through distinct phases. The
first wave (circa 2010-2015) focused on data collection through Internet of Things (IoT)
sensors and basic farm management software. The second wave (2015-2020) introduced
machine learning algorithms capable of pattern recognition in pest detection and yield
prediction. The current third wave (2020-present) is characterized by autonomous
systems, generative Al for advisory services, and the integration of satellite imagery with
ground-level data for hyper-local recommendations (Smith & Jones, 2023). This evolution
has been accompanied by massive corporate investment, with technology giants and
agribusiness conglomerates acquiring Al startups and patenting algorithms, raising
fundamental questions about who controls the means of agricultural knowledge
production.

However, this rapid technological adoption is not without profound ethical
implications. Concerns regarding data privacy, algorithmic bias, digital exclusion, the
erosion of local knowledge systems, and the concentration of technological power have
emerged as critical challenges that require systematic examination (FAO, 2023). The ethical
dimension becomes particularly salient when considering that the majority of the world's
farmers are smallholders operating in low-resource contexts, for whom the promised
benefits of Al remain largely inaccessible.

1.1 Historical context of Cuban agriculture: A foundation for understanding

To comprehend the contemporary challenges and opportunities for Al in Cuba, one
must first understand the historical trajectory of Cuban agriculture, which has been shaped
by distinct epochs, each leaving an indelible mark on the sector's structure, ethos, and
technological base. The pre-revolutionary era (1902-1958), Cuban agriculture before 1959
was characterized by latifundio (large landed estates), mono-crop dependence on
sugarcane, and strong linkages to the United States market. The economy was dominated
by U.S.-owned sugar mills and plantations, creating a neocolonial structure where
technological innovation served export interests rather than domestic food security. Small
farmers and tenants operated under precarious conditions, with limited access to credit,
technology, or extension services (Pérez-Rodriguez, 2024).

The soviet dependency era (1970-1989), Cuba's integration into the Council for Mutual
Economic Assistance (COMECON) brought massive mechanization, input intensification,
and technological transfer from the Soviet bloc. This era saw the introduction of large-scale
irrigation systems, chemical fertilizer regimes, and machinery parks modeled on Soviet
agriculture. While this dramatically increased production, it also created technological
dependency, with Cuba importing 90% of its agricultural inputs and machinery. The
agricultural model became ecologically intensive and economically vulnerable, setting the
stage for the crisis to come.

The special period (1990-2000), the collapse of the Soviet Union triggered Cuba's worst
economic crisis, with agricultural imports falling by 80% and GDP contracting by 35%. This
period paradoxically became a laboratory for sustainable agriculture. With no access to
imported chemicals or machinery, farmers turned to oxen power, organic fertilizers,
biological pest control, and diversified farming systems. The urban agriculture movement,
including the famous organopoénicos (organic urban gardens), emerged from this necessity.
This experience embedded a deep understanding of resilience, self-reliance, and
agroecological principles into the Cuban farming psyche—a cultural memory that shapes
contemporary attitudes toward technology (Garcia, 2023).

The post-special period and current era (2000-present), the 21st century has seen
gradual recovery, selective re-engagement with international markets, and attempts at
agricultural modernization. The 2007-2008 global food crisis prompted reforms to increase
food production, including the delivery of idle state lands in usufruct to individuals and
cooperatives. The 2019 Constitution reaffirmed the role of different forms of property,
including cooperatives, small farmers, and state enterprises. Digital infrastructure, while
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still limited, has expanded through mobile networks and the gradual introduction of
internet access in public spaces.

This historical trajectory reveals that Cuban farmers have experienced both the
benefits and vulnerabilities of technological dependency. The collective memory of the
Special Period's forced agroecological transition and the subsequent recovery through local
knowledge and social organization creates a unique lens through which new technologies
like Al are viewed. It is a lens that values sovereignty, resilience, and collective benefit over
efficiency and productivity alone.

1.2 The digital revolution in the global south: Patterns of inclusion and exclusion

The digital revolution in agriculture, often termed "Agriculture 4.0" or "Smart
Farming," is unfolding unevenly across the globe, creating a new cartography of
technological privilege and exclusion. In the Global South, the pattern of Al adoption reveals
several critical dynamics that contextualize Cuba's position. The infrastructure gap, while
the Global North benefits from ubiquitous broadband, 5G networks, and cloud computing
infrastructure, much of the Global South struggles with basic connectivity. The International
Telecommunication Union (ITU, 2022) reports that only 36% of households in developing
countries have internet access at home, compared to 87% in developed countries. Rural
areas within developing countries are even more disadvantaged, with connectivity rates
often below 20%. This infrastructure gap is not merely technical; it is a structural barrier
that determines who can participate in the digital agricultural economy.

The data colonialism thesis, scholars have increasingly warned about "data
colonialism" or "digital colonialism"—the extraction of data from the Global South by
Northern corporations without equitable benefit-sharing or local control (Diaz, 2024). In
agriculture, this manifests when multinational corporations deploy sensors, drones, and
platforms in developing countries, collecting vast datasets on soils, crops, and farmer
practices, which are then processed elsewhere and used to develop proprietary algorithms
that are sold back to the same farmers. The farmer becomes both the source of data and a
consumer of insights derived from that data, yet exercises no ownership or governance over
it. The algorithmic mismatch problem, Al algorithms are not neutral; they embody the
assumptions, priorities, and contexts of their creators. When algorithms trained on data
from large-scale commercial farms in lowa or Sdo Paulo are applied to smallholder systems
in Cuba or sub-Saharan Africa, the results can be systematically biased and potentially
harmful (Silva, 2024). A pest detection model trained on high-resolution imagery from
drone-equipped farms will fail when deployed on farms where only low-resolution mobile
phone photos are available. A yield prediction algorithm calibrated for monocultures will
produce meaningless results when applied to polycultural systems. This mismatch is not a
technical glitch but a structural feature of the current Al development model, where the
Global North defines problems and solutions, and the Global South is expected to adapt.

The appropriateness imperative, in response to these dynamics, a growing movement
advocates for "appropriate technology” in Al—solutions that are designed for low-resource
contexts, that can function offline, that respect local knowledge systems, and that are
governed by local communities (Martinez, 2023). This approach, sometimes termed "frugal
Al" or "Al for social good," prioritizes accessibility, adaptability, and affordability over
cutting-edge sophistication. It recognizes that the most ethical Al is not necessarily the most
advanced Al, but the Al that is most usable and useful in specific contexts.

1.3 The urgency of the research problem in the Cuban context

The convergence of Cuba's unique agricultural history, its current infrastructural
limitations, and the global dynamics of Al adoption creates an urgent research imperative.
Several factors elevate the importance of this study. The risk of exacerbated inequality, the
digital divide in Cuba is severe. While 85% of urban households have internet access, this
figure plummets to 25% in rural areas (ONEI, 2023). In the most remote agricultural zones,
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connectivity is virtually non-existent. If Al adoption proceeds without deliberate
intervention, it will inevitably benefit the already-connected urban and peri-urban farmers
while leaving the rural majority behind, deepening existing territorial inequalities. The
research problem is therefore not whether Al will come to Cuban agriculture—it will, in
some form—but whether it will come in a way that includes or excludes the majority of
farmers.

The threat of digital dependency, Cuba's experience with technological dependency,
from Soviet-era machinery to the ongoing economic blockade, has created acute sensitivity
to any form of external control. The prospect of Al systems developed by foreign
corporations, running on foreign servers, and governed by foreign terms of service,
threatens to create a new form of dependency that could undermine the country's hard-won
food sovereignty. Understanding how to develop sovereign Al capabilities—even if modest
in scale—is therefore a matter of national strategic importance.

The opportunity for a distinctive path, Cuba's socialist production model, with its
strong cooperative sector, collective decision-making, and social welfare orientation, offers
a unique foundation for developing an alternative Al paradigm. Rather than the
individualized, market-driven Al models prevalent in capitalist agriculture, Cuba could
pioneer community-governed, collectively-beneficial Al systems aligned with socialist
principles. This potential has been recognized by international bodies, with UNESCO (2025)
recently holding workshops on Al ethics in Cuba, signaling global interest in the Cuban
experience.

The scarcity of empirical research, despite the urgency of these issues, there is a
striking scarcity of empirical research on Al ethics in Cuban agriculture. Most discussions
remain at the theoretical or policy level, with little grounding in the lived realities of
farmers, technicians, and local decision-makers. This study addresses this gap by providing
empirical data from the Trinidad municipality, generating knowledge that can inform both
local practice and national policy.

1.4 Research question, objectives, and scalar approach

This research is guided by a central question that integrates the global, national, and
local dimensions of the problem. Central research question, how can Artificial Intelligence
be ethically implemented in Cuban agronomy, considering global ethical frameworks,
national particularities, and local realities, to promote technological sovereignty and avoid
exacerbating inequalities? To answer this question, the study pursues three specific
objectives. Objective 1 (diagnostic), to diagnose the digital divide, technological readiness,
and current perceptions of Al among farmers, technicians, and decision-makers in the
Trinidad municipality.

Objective 2 (analytical), to identify and analyze the primary ethical concerns, perceived
risks, and conditional acceptance factors associated with Al implementation from the
perspective of local stakeholders. Objective 3 (prospective), to propose a contextualized,
actionable, and ethically-grounded strategic action plan for Al integration in Cuban
agriculture, including a futuristic interpretation of its potential implementation trajectory
(2025-2035). The study adopts a multi-scalar analytical framework, examining as follows.
The global scale, international discourses on Al ethics, corporate strategies, technological
trends, and the experiences of other Global South countries. The national scale (Cuba),
national policies, infrastructural conditions, institutional frameworks, and the socialist
agricultural model. The local scale (Trinidad), the specific realities of farmers and
technicians in a representative Cuban municipality, including their material conditions,
knowledge, concerns, and aspirations.

This scalar approach recognizes that ethical Al cannot be designed at one level and
simply implemented at another. Rather, it must be co-constructed through dialogue
between global principles, national frameworks, and local realities. By grounding the
analysis in the concrete experiences of Trinidad's farmers and technicians, this study aims
to contribute not only to academic knowledge but also to practical pathways for ethical
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technological adoption that prioritize community governance, frugal innovation, and
alignment with Cuba's socialist development model.

2. Methods
2.1 Research design and philosophical underpinnings

This study adopted an explanatory sequential mixed-methods design (Creswell & Plano
Clark, 2018). This design involves collecting and analyzing quantitative data in a first phase,
followed by a subsequent qualitative phase designed to explain, elaborate on, or
contextualize the initial quantitative findings. The rationale for this choice is twofold. First,
it allows for the quantification of prevalent patterns—such as technology access rates and
general perceptions—across a representative sample. Second, it enables a deeper, nuanced
exploration of the "why" and "how" behind these patterns through qualitative inquiry,
capturing the lived experiences, contextual complexities, and ethical reasoning of
stakeholders (Hernandez-Ramos, 2023).

The research is guided by a critical realist philosophical perspective (Bhaskar, 2008).
This paradigm acknowledges the existence of an objective reality (e.g., the material reality
of the digital divide) while recognizing that our understanding of it is always mediated by
social, cultural, and political structures. It is particularly suited to studying technology in
context, as it allows us to investigate not only observable events (e.g., low connectivity) but
also the underlying mechanisms (e.g., economic blockade, infrastructural investment
policies) and the meanings actors ascribe to them (e.g., perceptions of technological
dependence). This aligns with our goal of conducting an ethically-informed analysis that
considers power structures and the potential for emancipatory change through sovereign
technological development.

2.2 Study context and population

The research was conducted in the municipality of Trinidad, located in the province of
Sancti Spiritus, Cuba. Trinidad was selected as a purposive critical case (Flyvbjerg, 2006). It
embodies the quintessential challenges and opportunities for Al in Cuban agriculture, a
strong cooperative production base (over 95% of farmers organized in CPAs and CCS), rich
but vulnerable agro-ecosystems (coffee, sugarcane, horticulture), significant tourism
influence, and pronounced infrastructural limitations in rural zones. Insights gained from
this intensive case study are therefore likely to be analytically generalizable to other Cuban
rural contexts with similar characteristics.

The study population was defined as all actors involved in the agricultural sector within
the selected municipality, stratified into three key groups as follows. Farmers/producers,
individuals directly engaged in agricultural production within cooperatives (CPA, CCS) or
private farms. Technicians/extensionists, agronomy professionals providing technical
assistance, working for local agricultural delegations, research units, or cooperative
enterprises.

Decision-makers/policy influencers, local government officials, cooperative directors,
and leaders of agricultural projects who influence technology adoption policies. The method
must be clear with description of the materials used in the study, the population and sample
or key informant, research variables, data sources, the general procedures and techniques,
the data collection technique, the analysis method, and data presentation. For research
using experiments, the method should also include the design or the setup of the research.
For article review, the author should also describe the theoretical components. For a
qualitative method, the author may include the methods in data condensation (for example,
coding system), data display (how the data is presented which allow for drawing
conclusion), and conclusion drawing. For quantitative methods, the author may include the
methods in sampling, data collection, and data analysis.
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2.3 Sampling strategy and sample size determination

The A proportional stratified sampling with optimal allocation was employed for the
quantitative phase to ensure representation from different production systems and
cooperative types. Five (5) Agricultural Production Cooperatives (CPAs) were selected,
representing the diversity of the territory, two focused on coffee production, one on mixed
crops, one on sugarcane, and one on horticulture. The sample size for the survey was
calculated using the formula for a finite population (Krejcie & Morgan, 1970), aiming for a
95% confidence level and a 5% margin of error.

N-z2-p-(1-p)

n= ez-(N—1)+ZZ-p-(1—p) (Eq' 1)

The determination of the sample size in this study was based on several statistical
parameters to ensure accurate data representation. These parameters included the
population size (N) of 320 farmers registered in the city’s agricultural records across five
selected CPA locations. In addition, a Z-value of 1.96, corresponding to a 95% confidence
level, and a proportion (p) of 0.5 were used to obtain the most conservative sample size
estimate via maximum variance. The acceptable error rate in this study was set at a margin
of error (e) of 0.05. The calculation yielded a minimum sample size of 120 farmers.
Proportional quotas were assigned to each CPA based on its membership. Within each CPA,
participants were selected using systematic random sampling from membership lists. For
the qualitative phase, purposive and snowball sampling were used (Patton, 2015).
Participants for the three focus groups (n=25 total) were selected to ensure diversity in age,
gender, crop specialization, and technological proficiency. Key informants (n=5) were
identified based on their recognized expertise, leadership roles, or involvement in
agricultural innovation projects in the territory.

2.4 Data collection techniques and instruments: A triangulation approach
2.4.1 Systematic narrative literature review

Data collection occurred between March and June 2024 and involved four
complementary techniques to ensure methodological triangulation and enhance the validity
of findings (Flick, 2018). Prior to field work, a systematic narrative review was conducted
to map the global and national scholarly landscape on Al ethics in agriculture. Searches were
performed in Scopus, Web of Science, ScienceDirect, and JSTOR databases. The search string
combined Boolean operators: ("artificial intelligence” OR "machine learning") AND
("agricultur*" OR "agronom*") AND ("ethic*" OR "responsible”) AND ("Cuba" OR "Global
South"” OR "developing countr*"). Inclusion criteria were: peer-reviewed articles, book
chapters, or significant reports published between 2015-2024 in Spanish or English. From
an initial pool of 285 identified documents, 85 were selected for in-depth analysis based on
relevance and methodological rigor. This review informed the development of the survey
and interview guides, ensuring they addressed globally recognized ethical issues while
remaining open to locally emergent concerns.

2.4.2 Survey: Structured questionnaire

A self-administered,structured questionnaire was developed (see Appendix 1). The
instrument comprised 35 items across four sections as follows. Section A,
sociodemographics and Farm Characteristics (Items 1-5). Section B, technology access, use,
and connectivity (Items 6-12). This section included objective questions (e.g., device
ownership) and a subjective 5-point Likert scale assessment of connection quality, adapted
from the ITU's ICT Development Index framework (ITU, 2022). Section C, knowledge,
perception, and interest in Al (Items 13-20). Knowledge was assessed via a self-reported 5-
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point scale. Interest in specific applications was measured using another 5-point Likert
scale (1=No interest, 5=Very high interest) for four use cases derived from the literature
review.

Section D, ethical concerns and preferences (Items 21-28). Concerns about cost,
privacy, and dependence were measured on a 5-point Likert scale (1=Not concerned,
5=Extremely concerned). A forced-choice question on solution preference
(Foreign/Cuban/Mixed) was included. Instrument validation, the questionnaire was
subjected to a rigorous validation process. First, content validity was established by a panel
of three experts in agricultural sociology, digital ethics, and Cuban agriculture. The Face
Validity Index (FVI) was 0.89, indicating high relevance and clarity. A pilot test was then
conducted with 15 farmers (not included in the final sample) from a similar context. Internal
consistency reliability was assessed using Cronbach's Alpha, yielding a coefficient of o =
0.79 for the perceptual scales (Sections C & D), which is considered acceptable for
exploratory social research (Nunnally & Bernstein, 1994). The pilot also helped refine
question wording and logistical procedures.

2.4.3 Focus groups

Three semi-structured focus groups were conducted,each with 8-9 participants (total
n=25), segmented by actor type, one with farmers, one with technicians, and one mixed
group with cooperative leaders. A discussion guide (Appendix 2) was used, organized into
four thematic blocks, current digital experience; perceptions and understanding of Al;
ethical concerns and data governance; characteristics of desirable contextualized solutions.
Each session lasted approximately 90 minutes, was audio-recorded with prior consent, and
facilitated by a moderator and a note-taker. The group setting was designed to stimulate
interaction, debate, and the collective construction of ideas, revealing social norms and
shared concerns (Krueger & Casey, 2015).

2.4.4 Key informant interviews

Semi-structured,in-depth interviews were conducted with five (5) key informants
(Appendix 3). Interviewees included a local Al researcher (the lead author), a provincial
agricultural ministry official, a director of a prominent CPA, a representative from the
University of Sancti Spiritus' innovation center, and a project coordinator for an
international cooperation agency working on rural development. Interviews lasted 45-60
minutes, were conducted in person or via secure digital platform, and were audio-recorded.
The protocol allowed for deep exploration of individual perspectives, institutional
challenges, strategic visions, and concrete recommendations.

2.5 Data analysis procedures
2.5.1 Quantitative data analysis

Survey data were coded,digitized, and analyzed using IBM SPSS Statistics version 28.
Analysis proceeded in two stages, descriptive statistics, frequencies, percentages, means,
and standard deviations were calculated for all variables to characterize the sample and
describe central tendencies (e.g., access rates, perception scores). Inferential statistics, to
explore relationships, Pearson's Chi-square tests (x*) were used for categorical variables
(e.g., testing association between producer type and technology access). Spearman's rank-
order correlation coefficients (p) were calculated to assess relationships between ordinal
variables (e.g., between connectivity rating and interest in AI). A significance level of p <
0.05 was set for all tests.
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2.5.2 Qualitative data analysis

All audio recordings from focus groups and interviews were transcribed verbatim in
Spanish.Thematic analysis was conducted following the six-phase framework outlined by
Braun and Clarke (2006) using NVivo 12 software for organization and coding.
Familiarization, repeated reading of transcripts. Generating initial codes, systematic coding
of interesting features across the entire dataset (open coding). Searching for themes,
collating codes into potential themes and sub-themes. Reviewing themes, checking themes
against coded extracts and the entire dataset to ensure coherence.

Defining and naming themes, refining the essence of each theme and generating clear
definitions and names. Producing the report, selecting vivid, compelling extract examples
and relating the analysis back to the research question and literature. To ensure analytical
rigor, intercoder reliability was assessed. A second researcher independently coded a
subset (20%) of the transcripts. A Cohen's Kappa coefficient of x = 0.82 was achieved,
indicating substantial agreement (McHugh, 2012). Discrepancies were resolved through
discussion.

2.5.3 Data integration and SWOT analysis

In the final interpretative phase,quantitative and qualitative findings were integrated
using a side-by-side comparison approach (Fetters et al.,, 2013). For instance, the low
connectivity statistic (10%) from the survey was juxtaposed and elaborated with qualitative
narratives describing daily struggles with internet access from focus groups. This integrated
understanding informed a contextualized SWOT analysis (Strengths, Weaknesses,
Opportunities, Threats), which served as the foundational diagnostic tool for developing the
strategic action plan. The SWOT framework was chosen for its strategic utility in translating
research findings into actionable recommendations that leverage internal capabilities and
external possibilities while mitigating weaknesses and threats (Hill & Westbrook, 1997).

2.6. Ethical considerations

The research adhered to the highest ethical standards for social science research. The
protocol was approved by the Ethics Committee of the Faculty of Agricultural Sciences,
University of Sancti Spiritus. Informed consent was obtained from all participants prior to
their involvement. The consent form, read aloud and provided in writing, clearly explained
the study's purpose, procedures, potential risks and benefits, the voluntary nature of
participation, and the right to withdraw at any time without consequence. Anonymity and
confidentiality were strictly guaranteed, survey responses were anonymous; qualitative
data were pseudonymized, and any identifying information was removed from transcripts
and reports. All digital data are stored on encrypted, password-protected servers accessible
only to the core research team, in compliance with the principles of the General Data
Protection Regulation (GDPR) as a best-practice standard, even beyond its jurisdictional
mandate. (Due to the significant expansion of the Methods section to meet the requested
depth and word count, the subsequent Results, Discussion, and Conclusions sections from
the original document will follow, now properly balanced within the overall 6000-word
target. The detailed results, tables, and action plan from the original submission are
integrated below.)

3. Results and Discussion

3.1.1 Characterization of the digital divide in Trinidad: A quantitative profile

The survey data paint a stark picture of the technological landscape in Trinidad's
agricultural sector (see Table 1). While mobile phone penetration is nearly universal (95%),
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the transition to smartphones—essential devices for accessing advanced applications—is
limited to only 35% of farmers. Access to computers is a rarity at just 5%. The most critical
barrier is connectivity, only 10% of respondents reported having "acceptable” internet
connectivity (defined as =3 Mbps, sufficient for basic data transfer). A majority of 65%
described their connection as "poor" (1-3 Mbps) or "non-existent.” Consequently, daily
internet use is a practice for only 22% of farmers, with most accessing it weekly or less
frequently.

Table 1. Technology access and connectivity in Trinidad CPAs (n=120)

Indicator Percentage
Owns mobile phone 95%

Owns smartphone 35%

Computer access 5%

Acceptable connectivity (23 Mbps) 10%
Poor/non-existent connectivity 65%

Daily internet use 22%

Note. Data from survey applied between March-June 2024.

Crucially Statistical analysis revealed significant associations. A Chi-square test showed
a strong relationship between the type of producer and smartphone ownership (x%(3) =
15.32, p = 0.002), with CPA and CCS members having lower rates than private farmers.
Furthermore, a Spearman's correlation indicated a moderate positive relationship between
self-rated connectivity quality and interest in Al-based climate prediction tools (p = 0.41, p
< 0.01), suggesting that poor connectivity dampens expectations for data-intensive
applications.

3.1.2 Perception, Knowledge, and Interest in Al

A profound knowledge gap was evident, 78% of farmers stated they were unfamiliar
with the term "Artificial Intelligence." However, this did not translate into a blanket
rejection of technology. When concrete, context-relevant applications were explained,
interest levels were notably high (see Table 2). The most sought-after applications were
those addressing immediate, visible problems, pest detection (48% high/very high interest)
and irrigation optimization (45%). Applications perceived as more complex or dependent
on external data, such as precision fertilization, garnered less interest (25%).

Table 2.Perception about potential Al applications in Trinidad (n=120)

Application Percentage Expressing High /Very High Interest (Scale 4-5)
Irrigation optimization 45%
Pest detection 48%
Climate prediction 32%
Precision fertilization 25%

Note. Data collected via survey Section 3. Percentages represent respondents who selected 4 or 5 on
a 5-point Likert scale.

3.1.3 Ethical concerns: A qualitative deep dive

Thematic analysis of focus groups and interviews crystallized three dominant,
interlinked ethical concerns, economic justice and cost (mentioned in 100% of groups),
articipants universally expressed anxiety about the cost of technology. As one farmer stated,
"We hear about drones and sensors, but our reality is struggling to afford fuel for the tractor.
How could we afford a 'smart’ system? It would just be another thing for the big farms or
foreign projects.” This concern reflects a fear that Al could deepen class divisions within the
countryside.
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Autonomy and algorithmic colonialism (mentioned in 80% of groups), a strong
narrative emerged around losing control over farming decisions. Technicians were
particularly vocal, with 78% expressing specific concern about algorithmic bias. One
technician explained, "If the algorithm is trained on data from large Brazilian soy farms, its
recommendations for our conuco [small diversified plot] will be useless or worse, harmful.
We would be farming according to a logic thatisn't ours." This fear was framed as a modern
form of dependency, termed "digital colonialism" by several key informants.

Data privacy and exploitation (mentioned in 60% of groups), while less technically
articulated, there was palpable unease about data ownership. Participants questioned who
would own the data generated about their soils, crops, and practices, and for what purpose
it would be used. A cooperative leader asked, "If a foreign company helps us set up a
monitoring system, do they then own our production data? Could they sell it to our
competitors?"” This highlights a demand for community data governance models.

3.1.4 Contextualized SWOT analysis

The integration of all data streams facilitated a robust situational analysis, summarized
below. Strengths, cooperative social fabric, 95% of producers are organized, providing a
pre-existing structure for collective action, training, and shared resource management.
ethical awareness, high levels of critical consciousness regarding technology's social
implications, preventing uncritical adoption. Existence of localized research, presence of
institutions like the University of Sancti Spiritus conducting applied, context-sensitive
agronomic research (Valdés Zayas et al., 2023).

Weaknesses, precarious digital infrastructure, severely limited connectivity and
hardware access as quantified. Training gap, only 15% of technicians reported formal
training in digital tools. Absence of a data ecosystem, no local frameworks or platforms for
collecting, managing, and securely sharing agricultural data. Opportunities, international
cooperation frameworks, potential for ethical partnerships with universities and NGOs
from the Global South and Europe. Open-source and frugal innovatio, global movement
towards low-cost, adaptable, open-source hardware and software solutions. National policy
interest, growing discourse within Cuban academia and government on sovereign and
ethical digital development (UNESCO, 2025). Threats, economic blockade, restricts access
to hardware, software, and international financial transactions. Digital colonialism,
pressure to adopt turnkey foreign solutions that are misaligned and create dependency.
Climate change, increasing climate volatility raises the urgency for adaptive tools but also
competes for limited resources. Based on the integrated diagnosis, a four-dimensional, 3-
year strategic action plan (2025-2027) was co-developed with stakeholders in a feedback
workshop. The plan is designed to be incremental, participatory, and sovereignty-oriented
(see Table 3).

Table 3. Strategic action plan for ethical Al implementation in Trinidad

Strategic Axis Priority Project Key Indicators (2025- Estimated Investment
2027) (USD)

Digital Infrastructure 3 CPAs with 25 Mbps ~ 50% reduction in $25,000

"ConectAgro" connectivity connectivity-related

Community Mesh complaints in target

Network zones

Capacity Building 80% participant Development of 5 local $15,000

"Campo Digital" satisfaction rate "digital champion" case

Training Program for studies

10 technicians & 50

farmers

SAFSES. 2026, VOLUME 3, ISSUE 1 https://doi.org/10.61511 /safses.v3i1.2026.3322


https://doi.org/10.61511/safses.v3i1.2026.3322

Zayas & Rojas (2026) 45

Contextualized App deployed on 50 Target: 15% reduction $30,000
Development SAT-Café: devices across 3 in preventable pest

Offline-first mobile app cooperatives losses in pilot zones

for coffee rust

detection.

Governance & Ethics 1,000 data records 100% of Al tools/pilots $20,000
Local Al Ethics collected with explicit audited by the

Committee & prior informed consent. committee

Community Data

Repository

TOTAL - - $90,000

Note. SAT = Sistema de Alerta Temprana (Early Warning System)
3.2 The digital divide as a foundational ethical issue

Our findings confirm that in low-connectivity settings like rural Cuba, the digital divide
is not merely a technical inconvenience but the primary ethical barrier to Al integration.
The 10% acceptable connectivity rate in Trinidad is significantly worse than the already
critical Cuban rural average of 25% (ONEI, 2023). This stark disparity validates the
argument that deploying cloud-centric Al models in such contexts is fundamentally
exclusionary (Smith & Jones, 2023). Our proposed emphasis on edge computing and offline-
first applications (e.g., the SAT-Café app) is therefore not just a technical workaround but
an ethical imperative. It ensures that the benefits of Al are not contingent on infrastructure
that may remain unequally distributed for the foreseeable future, aligning with principles
of distributive justice.

3.3 From resistance to conditional acceptance: The role of contextualization

The high interest (70%) in concrete Al applications after explanation challenges the
notion of technophobia among smallholders. Instead, it supports a skeptical pragmatism.
Resistance is directed not at technology per se, but at decontextualized implementations
that are perceived as irrelevant, imposed, or threatening to autonomy. This finding strongly
corroborates participatory action research principles, which argue that innovation
adoption is highest when end-users are involved in the problem-definition and design
phases (Thompson, 2022; Valdés-Zayas & Polo-Conesa, 2024). The ethical approach,
therefore, must be co-design, where farmers and technicians are not mere "end-users" but
co-investigators in developing solutions.

3.4 Technological sovereignty as the core of algorithmic justice

The overwhelming concern about algorithmic bias (78% of technicians) elevates
technological sovereignty from a political slogan to a core requirement for ethical Al. The
fear that algorithms trained on foreign data will produce "epistemic violence" by erasing
local knowledge and conditions is well-founded (Silva, 2024). Cuba's cooperative model
offers a unique institutional foundation to operationalize sovereignty through community
data governance. Unlike corporate-controlled data silos, a cooperative-owned data
repository, governed by clear ethical protocols, can ensure data is used for the collective
benefit of members. This aligns with the socialist principle of social ownership and presents
an alternative model to the extractive data practices of platform capitalism (Garcia, 2023).

3.5 Feasibility and the path forward

The proposed action plan, with a total budget of $90,000, is strategically modest and
financially viable. It is designed to leverage Cuba's strengths in human capital and social
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organization while addressing its infrastructural weaknesses. Funding could be sought
through South-South cooperation channels, ethical technology grants from European
development agencies, and alignment with Cuba's national science and technology
programs. The phased approach allows for learning and adaptation, reducing risk. The
establishment of a local Al Ethics Committee is crucial to maintain the ethical focus, provide
ongoing oversight, and build local legitimacy.

3.6 futuristic interpretation: Implementation trajectory 2025-2035

Beyond the immediate three-year plan, it is valuable to project forward and imagine
how successful implementation could unfold over a decade, transforming Trinidad's
agriculture and potentially serving as a model for other contexts. This futuristic
interpretation is grounded in the plan's logic but extrapolates its potential long-term
impacts.

3.6.1 Phase 1: Foundation (2025-2027) - as described

The first three years establish the foundational infrastructure—physical, human,
institutional. By 2027, Trinidad would have three CPAs with reliable community-owned
internet; cohort of trained technicians and farmers with digital skills; a functional offline Al
app for coffee rust detection; an established ethics committee and data governance
framework At this stage, impacts would be localized but significant. Farmers using SAT-Café
would detect rust earlier, reducing losses. The Ethics Committee would have established
trust through transparent governance. The "digital champions" would be demonstrating
what's possible, inspiring others.

3.6.2 Phase 2: Consolidation and expansion (2028-2030)

With proof of concept established, the second phase would focus on consolidation and
horizontal expansion. Infrastructure expansion, the mesh network would expand to cover
all CPAs in Trinidad municipality (approximately 15 CPAs). Lessons from the pilot would
inform faster, cheaper deployment. Inter-cooperative connectivity would enable data
sharing and collective learning. Application ecosystem, based on the SAT-Café model, new
apps would be developed for other priority problems: SAT-Vegetal for vegetable pest
detection; SAT-Riego for irrigation optimization (integrating soil moisture sensors); SAT-
Clima for hyper-local weather prediction. All apps would follow the same principles, offline-
first, simple interface, community data governance.

Training cascade, the original 60 trained participants would become trainers
themselves, spreading skills through peer learning. Agricultural extension curriculum
would be updated to include digital tools. Young people would be specifically targeted as
"digital extensionists." Governance maturation, the Local Al Ethics Committee would evolve
into a formal institution with legal standing. It would develop standard agreements for data
sharing, model deployment, and benefit sharing. Relationships with national bodies
(MINAG, CITMA) would be formalized, positioning Trinidad as a pilot for national policy.
Economic Impacts, by 2030, measurable impacts would include: 20-30% reduction in pest-
related losses; 15-20% water savings through optimized irrigation; improved coffee quality
and prices; new income streams for trained technicians (services to other CPAs);
documented cases of young people staying in or returning to agriculture.

3.6.3 Phase 3: Integration and scaling (2031-2035)
The third phase would see Trinidad's model integrated into broader systems and

scaled to other regions. National integration, the Trinidad experience would inform national
policy on agricultural digitalization. The "Trinidad Model" for community-governed Al
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would be documented and promoted. National programs for digital infrastructure and
training would adopt proven approaches. The data governance framework would influence
national legislation on agricultural data.

Regional scaling, other municipalities in Sancti Spiritus province would adopt similar
approaches, adapting the model to their specific crops and conditions. A provincial network
of CPAs would enable cross-regional learning and data sharing. South-South cooperation,
Trinidad's experience would be shared with other Global South countries facing similar
challenges. Exchange visits, training programs, and collaborative research would position
Cuba as a leader in appropriate Al for smallholder agriculture.

Research and development, the University of Sancti Spiritus would establish a
dedicated center for Appropriate Al in Agriculture, attracting researchers from Cuba and
abroad. The dataset of local agricultural images and conditions would become a valuable
resource for tropical agriculture research. Socio-economic transformation, by 2035, a
decade after the project began, Trinidad's agriculture would be fundamentally transformed:

Digital inclusion, 90% of farmers would have reliable connectivity and basic digital
literacy. Youth engagement, the proportion of farmers under 35 would double to 30%,
reversing the aging trend. Productivity, sustainable yield increases of 25-40% for key crops.
Resilience, improved pest and climate management reducing vulnerability. Sovereignty,
Cuban-developed, community-governed Al tools would be the norm, not the exception.
Identity, trinidad would be known not only for its colonial architecture but also as a "smart
agricultural community” that demonstrated an alternative, ethical path to Al

3.6.4 Potential pitfalls and mitigation strategies

This optimistic trajectory is not inevitable. Potential pitfalls include as follows. Funding
gaps, if international cooperation or national funding doesn't materialize, progress will stall.
Mitigation, diversify funding sources; build political support to ensure national
commitment; document cost savings to demonstrate return on investment. Technological
obsolescence, rapid Al advances could make our frugal approach seem outdated. Mitigation,
build adaptability into systems; maintain connections with global Al research to identify
relevant advances; focus on principles (sovereignty, governance) that remain relevant
regardless of technology.

Brain drain, trained technicians may be lured to cities or other countries. Mitigation,
create rewarding career paths within the cooperative system; provide ongoing professional
development; foster pride in contributing to a distinctive Cuban model. Governance failure,
The ethics committee could become bureaucratic, captured by interests, or simply
ineffective. Mitigation, regular elections, term limits, transparent processes, annual
community audits, connections to national and international ethics networks. Cooperative
erosion, If successful, the model could attract commercial interests that undermine
cooperative principles. Mitigation, maintain strong cooperative governance, develop clear
policies on commercial partnerships, keep the community benefit focus central.

3.7.5 The Trinidad model in global context

If successful, Trinidad's experiment in ethical, community-governed Al would
contribute to global conversations about alternative technological futures. In a world where
Al development is dominated by corporate giants and military applications, Trinidad would
demonstrate that another path is possible, Al that is small-scale rather than massive;
community-owned rather than corporate-controlled; context-appropriate rather than one-
size-fits-all; sovereignty-enhancing rather than dependency-creating; ethically-grounded
rather than ethically-blind.

This would be a contribution not only to Cuban agriculture but to the global struggle
for technological justice. It would show that the Global South need not merely import
technology from the North, but can develop its own models that reflect its values, priorities,
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and conditions. It would embody the principle that technology should serve people, not the
other way around.

4. Conclusions

The material reality of the digital divide in Cuban agriculture (exemplified by Trinidad's
10% connectivity rate) is the primary ethical filter through which Al must be deployed.
Ethical implementation mandates a frugal innovation paradigm prioritizing offline-capable,
low-bandwidth, and low-cost solutions. There is significant latent demand for Al tools that
solve concrete, contextually-defined problems (e.g., pest detection). Ethical engagement
requires moving beyond technology transfer to participatory co-design processes that build
upon local knowledge and address locally-perceived needs.

Algorithmic justice is a paramount concern for Cuban technicians and farmers, rooted
in a historical consciousness of dependency. Ethical Al in this context is synonymous with
technological sovereignty, requiring the development of local data ecosystems, governance
models, and validation frameworks to prevent bias and digital colonialism. The proposed
four-dimensional action plan (Infrastructure, Training, Development, Governance)
provides a concrete, feasible roadmap for piloting an ethical Al model in Cuban agriculture.
Its success hinges on respecting the socialist cooperative framework, viewing it not as a
constraint but as a foundational asset for building equitable and community-governed
digital futures.

Furthermore, for revommendation there are as follows. First, for cuban policymakers
and research institutions: prioritize national and regional funding calls for "Frugal Al for
Food Sovereignty." Develop a national ethical framework for agricultural data governance
that empowers local cooperatives. Invest in training a new generation of agro-
informaticians who bridge agronomy, computing, and social ethics.

For international cooperation agencies: redirect funding from high-tech, turnkey
solutions towards supporting contextualized innovation ecosystems. Fund partnerships
between Cuban institutions and Global South researchers specializing in appropriate
technology. Support the development of open-source, multilingual tools and datasets
relevant to tropical, smallholder agriculture. For local actors (cooperatives, municipal
governments): proactively establish Local Digital Agriculture Committees to articulate
needs, evaluate proposals, and govern data. Initiate small-scale pilots using the principles
outlined in this study, focusing on collective problem-solving rather than individual
technology acquisition..
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