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Abstract

This systematic review analyzed a total of 109 scientific articles with the aim of identify-
ing, organizing, and synthesizing academic output related to digital literacy, technology
adoption in agricultural sectors, digital skills, and socioeconomic and cultural factors that
influence the implementation of emerging technologies. Peer-reviewed academic publi-
cations available in open access and written in English were reviewed, complying with
the PRISMA protocol guidelines. They came predominantly from Europe, Asia, and Latin
America, which allowed for a global perspective. Quantitative, qualitative, and mixed
approaches were applied, highlighting the use of surveys, interviews, and bibliometric
analysis. Factors affecting the adoption of precision agriculture by smallholder farmers,
challenges for the implementation of technologies in rural contexts, and sociocultural
barriers to technological innovation were evaluated. The trend focuses on the need for
sound public policies, continuous training strategies, technological accessibility, and con-
textualized approaches to ensure effective technology adoption. In conclusion, a broad
and critical overview of the advances, limitations, and challenges surrounding digital
literacy and technology adoption is provided as a basis for an in-depth debate on the digital
transformation of contemporary agriculture.

Keywords: technological training; bibliometric analysis; technology applied to agriculture;
digital literacy; technology adoption

1. Introduction

Today, the digital transformation of agriculture represents a strategic axis for address-
ing the challenges of food security, sustainability, and climate change. This change is driven
by the integration of emerging technologies, such as artificial intelligence (Al), the Internet
of Things (IoT), machine learning, satellite image analysis, and remote monitoring systems.
However, the adoption of these technologies depends not only on their availability but also
on the level of digital literacy of farmers, especially in rural areas or among smallholder
farmers [1,2].

Agricultural digital literacy involves the ability to understand, use, and apply tech-
nological tools to improve productivity, crop monitoring, and decision-making [3]. In the
context of rice cultivation, multiple research studies have explored the use of sensors, un-
manned aerial vehicles (UAVs), computer vision, neural networks, and smart platforms to
optimize fertilization practices, pest control, yield estimation, and disease prediction [4-6].
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Although rice features prominently in several of the studies reviewed and was used
as a reference in the search strategy to capture representative research, the scope of this
review is not limited to this crop. The analyses and conclusions cover other agricultural
systems and are applicable in diverse production contexts, given that many of the tech-
nologies, models, and strategies identified have characteristics that can be extrapolated to
multiple crops.

Despite these advances, significant barriers to the effective adoption of these technolo-
gies remain, related to factors such as unequal access to connectivity, insufficient technical
training, the generational gap in digital use, and the lack of strategies adapted to local
conditions [7,8]. Given this problem, a comprehensive understanding of the factors that
facilitate or limit digital literacy and its direct relationship with the adoption of agricultural
technologies is required.

In addition, the rapid expansion of Al, computer vision, and data-driven recommen-
dation systems has opened up new possibilities for crop disease management, water needs
estimation, and optimization of agricultural input use [9-11]. These technologies are being
applied in decision support models that allow, for example, the prediction of irrigation
needs or the diagnosis of leaf diseases from UAV images, thus contributing to improving
the efficiency and sustainability of production [12]

It is also essential to consider the financial conditions of farms, given that the capacity
to invest in artificial intelligence (Al) solutions varies significantly among producers [13,14].
Smaller farms often face budget constraints and have less access to financing, which lim-
its their ability to adopt advanced technologies [12,15]. Furthermore, farm size directly
influences the viability and expected return on Al investments, with medium and large
farms more likely to have the infrastructure and human resources needed for implemen-
tation [8,16]. In this context, it is essential that Al technologies are designed and adapted
to the specific needs of each type of producer, ensuring that the proposed solutions are
scalable, economically accessible, and relevant to the different agricultural production
models present in the study regions [17,18].

In this context, the fusion of machine learning techniques with remote sensing plat-
forms, drones, and IoT platforms has strengthened the application of precision agriculture,
particularly in crops such as rice, where decisions based on climatic, edaphic, and pheno-
logical variables are required [19,20]. Algorithms, such as convolutional neural networks
(CNN), YOLO, and attention networks, have been adapted to detect leaf diseases, identify
rice varieties, and estimate the impact of nutritional inputs with a high level of accu-
racy [21,22].

However, farmers’ access to these technologies is conditioned by their ability to
understand, interpret, and act on the data generated. Therefore, digital literacy involves
not only knowing how to use a tool but also understanding how it works, interpreting the
information, and making agricultural decisions based on it [17,23]. This challenge is even
greater in rural populations with low connectivity, limited technical training, and limited
institutional support, making training strategies, technical support, and the development
of intuitive systems essential to closing the digital divide in agriculture.

Despite the growing number of studies on technologies applied to agriculture, there
is a notable dispersion in the methodological and thematic approaches used to address
digital literacy as a key factor in technology adoption. Many studies focus on technical
aspects of digital tools or specific applications, without systematically integrating the
human, social, educational, and contextual factors that condition their effective adoption.
In addition, there is a gap in the literature regarding integrative reviews that allow for a
comprehensive and critical understanding of the phenomenon. In this context, there is a
need for a systematic review of the literature that consolidates existing findings, identifies
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key research gaps, and proposes strategic lines of action to promote sustainable digital
transformation in the agricultural sector.

The overall objective of this study is to analyze the factors that influence digital literacy
and its relationship with technology adoption in agriculture, as well as the strategies imple-
mented to improve this process, through a systematic review of recent scientific literature.

To achieve this purpose, six specific objectives were set: (1) to describe the main topics,
tools, or technologies addressed in digital literacy by farmers, (2) to identify the tools and
techniques used to measure the impact of digital literacy on the adoption of agricultural
technology, (3) to analyze the theoretical models and approaches that have been applied to
study the adoption of agricultural technologies based on digital literacy, (4) to determine the
main factors that influence farmers’ digital literacy and its relationship with the adoption
of agricultural technologies, (5) to synthesize the main findings and barriers regarding the
relationship between digital literacy and the adoption of agricultural technologies reported
in the scientific literature; and (6) to examine the strategies implemented to improve
farmers’ digital literacy and their impact on the adoption of emerging technologies. The
interrelationship between the objectives is illustrated graphically in Figure 1.
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Figure 1. Relationship between specific objectives and their contribution to the overall objective.

This review contributes in three main ways: (1) for the academic community; it estab-
lishes a robust conceptual and methodological framework that broadens the understanding
of digital literacy and its relationship with technology adoption in agriculture; (2) for
public policy formulation, it provides consolidated evidence to support decisions on digital
infrastructure, training, and regulation; and (3) for the productive and technological sector,
it guides the development of solutions tailored to the real needs and capacities of producers,
prioritizing usability, accessibility, and sustainability [24]. In this sense, the article responds
to the urgent need to articulate dispersed knowledge within an integrative framework that
advances the literature and accelerates the transition toward more inclusive and digitally
competent agricultural systems.

2. Materials and Methods

The protocol was registered with PROSPERO on 9 July 2025 (registration number: 125
CRD420251088831) with the last update on 14 August 2025.

2.1. Design of the Systematic Literature Review

This research corresponds to a Systematic Literature Review (SLR), developed under
the guidelines of the PRISMA 2020 protocol (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) [25]. This approach ensures transparency, traceability, and
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rigor in the search, selection, analysis, and synthesis of scientific literature on digital literacy
and technology adoption in agriculture. The review included studies on digital literacy
applied to farmers, technology adoption, emerging technologies in agriculture, theoretical
models, and training strategies.

2.2. Research Questions
The research questions were formulated using the PICO framework:

Population (P): Farmers and their process of technology adoption in agriculture.
Intervention (I): Digital literacy, technology training, training strategies.

Comparison (C): Differences in adoption with and without digital literacy, different theoret-
ical models, and applied strategies.

Outcome (O): Level of technology adoption, influencing factors, effective strategies, existing
barriers, and impact on the agricultural sector.

The main question was: What factors influence digital literacy and its relationship
with technology adoption in agriculture? From this, specific questions were derived, such
as: (1) What topics, tools, or technologies have been addressed in digital literacy processes
aimed at farmers? (2) What methodological instruments and techniques have been used to
assess the impact of digital literacy on the adoption of agricultural technologies? (3) What
theoretical models and analytical approaches have been used to study the relationship be-
tween digital literacy and technology adoption in agriculture? (4) What are the main factors
influencing farmers’ digital literacy and how do they relate to the adoption of agricultural
technologies? (5) What findings and barriers are reported in the scientific literature on the
relationship between digital literacy and technology adoption in agriculture? (6) What
strategies or practices have been implemented to improve farmers’ digital literacy and
what effects have they had on the adoption of emerging technologies?

2.3. Inclusion and Exclusion Criteria

The inclusion and exclusion criteria were defined with the aim of ensuring the rele-
vance and quality of the studies considered in the review. Articles were included based on
the following criteria:

- Published between 2015 and 2025, to capture recent evidence reflecting rapid changes
in digital technologies applied to agriculture.

- Written in English, in order to incorporate relevant literature from global contexts.

- Open access (except in IEEE Xplore, where all relevant articles were considered due to
limited availability in OA).

- That explicitly addressed digital literacy in agricultural contexts and its relationship
to technology adoption.

The following were excluded:

- Articles that were not available in full text.

- Articles that did not refer directly to agricultural contexts.

- Studies not related to digital skills or technology adoption in agricultural contexts.
- Editorials, non-systematic reviews, non-scientific essays, or unrefereed theses.

These criteria were selected in order to maintain methodological rigor and avoid
thematic dispersion, ensuring that the articles analyzed provided direct and verifiable
information to meet the specific objectives of the study.

2.4. Sources of Information
The scientific databases used for the literature search were:

e  Scopus: for its multidisciplinary coverage and editorial rigor.
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e  ScienceDirect: for its high presence of research in agricultural sciences and technology.
e IEEE Xplore: for its technical focus on engineering, computer science, and emerging
technologies.

These three databases allowed us to cover the fields of digital literacy, technology
adoption, and precision agriculture in a complementary manner.

Although platforms such as Google Scholar offer a wider range of results, they have
less editorial quality control and a greater presence of non-peer-reviewed literature, which
could reduce the reliability of the findings. For this reason, databases with high editorial
standards and extensive subject indexing were chosen, balancing coverage, relevance, and
scientific quality.

2.5. Search Strategy

Specific search strings were developed for each database, taking into account the the-
matic structure of the study. Key terms were grouped into five broad categories: digital lit-
eracy, technology adoption, agricultural technologies, population, and target crop. Boolean
operators (AND, OR) were used, and filters were adjusted according to the database.

The inclusion of the term “rice” and its synonyms within the “specific crop” category
in the Scopus search string was justified based on the results obtained in the exploratory
phase of the review. During this stage, it was identified that a considerable proportion of
recent literature on digital literacy and technology adoption in agriculture focused on rice
cultivation, especially in regions of Asia and Africa, where this cereal is a strategic pillar of
food security and rural development. Rice was used as a model crop because it is the subject
of a large number of case studies that integrate emerging technologies (sensors, IoT, UAVs,
satellite monitoring, mobile platforms) with training and digital literacy processes. This
research provides solid analytical frameworks that can be replicated in other production
systems, making it a valuable source for understanding the interaction between technical,
socioeconomic, and cultural factors in technology adoption. Therefore, the use of this
filter sought to focus the search on empirical studies with high thematic relevance, without
implying that the findings and conclusions of the review are limited exclusively to this crop.

In ScienceDirect, the use of operators was limited due to platform restrictions. In IEEE
Xplore, all relevant results were accepted without an open access filter to maximize retrieval.

A consolidated table of keywords and synonyms grouped by concept was developed
(Table 1), which allowed for the proper structuring of search equations for each database.
In addition, the three main search strings used were summarized (Table 2).

Table 1. Keywords and synonyms used in the search.

Thematic Concept

Keywords/Synonyms Databases Used

Digital literacy

“digital literacy,” “digital competence,”
“ICT skills,” “digital education,” Scopus, IEEE Xplore, ScienceDirect
“e-literacy,” “digital skills”

Technology adoption

7o

“technology adoption,” “technology
acceptance,” “innovation adoption,”
“technological adoption,” “technology Scopus, IEEE Xplore, ScienceDirect
dissemination,” “awareness raising,”

“capacity building,” “training”
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Table 1. Cont.

Thematic Concept

Keywords/Synonyms Databases Used

e

“agriculture,” “precision agriculture,”
“smart farming,” “precision farming,”
“site-specific agriculture,” “agricultural

technology,” “smart agriculture,”

Technology applied to agriculture “agricultural innovation,” “farm Scopus, IEEE Xplore, ScienceDirect

management system,” “digital
transformation,” “digitalization,
“applications,” “software,”
“digital farming”

i

tools,”

Subjects (Farmers)

s

“farmer,” “agriculturist,” “smallholder
farmer,” “rural community,” Scopus
“farming sector”

Specific crop (rice)

“rice”, “rice farming”, “rice production”,
VAT

“paddy farming”, “paddy cultivation”, Scopus
“rice cropping”

Table 2. Search string by database.

Database

Search String

Scopus

TITLE-ABS-KEY (“digital literacy” OR “digital competence” OR “ICT skills” OR
“digital education” OR “e-literacy” OR “technology adoption” OR “technology
acceptance” OR “innovation adoption” OR “technological adoption” OR “capacity
building” OR “awareness raising” OR “technology dissemination” OR “training”
OR “digital skills”) AND (“technology” OR “tools” OR “applications” OR
“digitalization” OR “software” OR “agricultural innovation” OR “precision
agriculture” OR “smart farming” OR “digital transformation” OR “farm
management system”) AND (“farmer” OR “agriculturist” OR “smallholder
farmer” OR “rural community” OR “farming sector”) AND (“rice” OR “rice
farming” OR “rice production” OR “paddy farming” OR “paddy cultivation” OR
“rice cropping”)

IEEE Xplore

(“digital literacy” OR “digital competence” OR “ICT skills” OR “digital education”
OR “e-literacy” OR “technology adoption”)

AND

(“agriculture” OR “precision agriculture” OR “smart agriculture” OR

“digital farming”)

ScienceDirect

(“digital literacy” OR “digital competence” OR “ICT skills” OR “e-literacy”)
AND

(“technology adoption”)

AND

(“agriculture” OR “precision agriculture” OR “smart agriculture” OR
“digital farming”)

2.6. Study Selection Process

The selection of studies was carried out in four phases, in accordance with the
PRISMA model:

Identification: A total of 704 records were identified in three databases: Scopus (296),
ScienceDirect (273), and IEEE Xplore (135). A total of 12 duplicate records and 248 records
were eliminated for not meeting the initial criteria (language, document type, and open
access), resulting in 444 records for the screening phase.
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Screening: 444 titles and abstracts were reviewed, of which 293 were excluded for
thematic irrelevance. The remaining proceeded to the full-text retrieval attempt phase.

Eligibility: Of the 151 studies selected, 25 could not be retrieved. A total of 126 full-text
articles were evaluated, of which 17 were excluded because they did not address digital
literacy in agriculture (7) or because they did not address the adoption of agricultural
technology (10).

Inclusion: Finally, 109 studies met all the criteria and were included in the systematic
review: Scopus (72), ScienceDirect (32), and IEEEXplore (5).

The process followed is summarized in Table 3 and shown in the PRISMA diagram in

Figure 1.

Table 3. Summary of the PRISMA process in the preparation of the article.

Database  Identified  Screened Sought for  Assessed for Included in

Retrieval Eligibility Review
Scopus 296 217 76 76 72
ScienceDirect 273 104 45 33 32
IEEE Xplore 135 123 30 17 5
Total 704 444 151 126 109

Zotero software 6.0.36 as used for bibliographic management and Excel for recording
inclusion/exclusion decisions. The complete flow of the process was represented by the
updated PRISMA diagram in Figure 2.

[ Identification of studies via databases and registers ]
Y
R . Records removed before screening:
.§ Recg;(::t;ggggﬁid_ﬁ; L Duplicate records removed (n = 12)
§ 5 (n=23) Records marked as ineligible by
Scopus (n= 296) > ; =
£ ScienceDirect (n= 273) . BURNIESON Hoks (N = 0)
< IEEEXplore (n= 135) Records removed for other reasons
© Registers (n = 0) (n = 248, language, document type,
OA)
N
SR
Records screened (n = 444) —»| Records excluded (n = 293)
Reports sought for retrieval
(n=151) » | Reports not retrieved (n = 25)
e Scopus (n=76)
s ScienceDirect (n= 45)
] IEEEXplore (n= 30)
3
Reports assessed for eligibility Reports excluded:
(n=126) They did not address digital literacy in
Scopus (n=76) - ] agriculture (n =7)
ScienceDirect (n= 33) Not related to adoption of agricultural
IEEEXplore (n=17) technology (n = 10)
L l
)
Studies included in review
g (n = 109)
E Scopus (n=72)
2 ScienceDirect (n= 32)
= IEEEXplore (n= 5)
—

Figure 2. PRISMA diagram summarizing the process.
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2.7. Methodological Quality Assessment

The quality of the studies was assessed considering aspects such as clarity in the for-
mulation of the problem, methodological consistency, thematic relevance, and applicability
of the results. This review prioritized studies that provided empirical evidence related
to digital literacy factors, technology adoption, and models or strategies applied to the
agricultural sector.

2.8. Data Extraction

A data extraction form structured in an Excel spreadsheet was used. The fields in-
cluded: author(s), year of publication, country, type of study, technologies addressed, tools
used, theories or models employed (e.g., TAM, UTAUT), target population, instruments
applied, influencing factors, strategies, and main results. This procedure allowed the
content to be organized and systematized in a comparative and categorical manner.

2.9. Data Synthesis and Analysis

The data were synthesized using a mixed approach, integrating qualitative thematic
analysis, descriptive quantitative analysis, and bibliometric analysis. First, a qualitative
thematic analysis was applied to organize the findings according to the specific objectives
of the review. This categorization was based on a detailed reading of the full texts and the
variables extracted, generating categories such as digital literacy, technologies addressed,
instruments applied, theories used, influencing factors, barriers, and strategies.

The thematic analysis was developed using a mixed coding approach, combining
deductive codes (derived from the research objectives and the defined theoretical cate-
gories) with inductive codes that emerged during the review of the full texts. The coding
and organization of the data were carried out in Microsoft Excel 2021, which allowed
the categories to be structured systematically, facilitating their analysis and sub-analysis.
Two researchers carried out the process independently and compared the coding matrices
to determine the degree of agreement, reaching an agreement rate of 82%. Discrepancies
were resolved by consensus, ensuring consistency in the interpretation of the data and
reinforcing the robustness of the results obtained.

Finally, a bibliometric analysis was performed using VOSviewer software version
1.6.20. To do this, the set of articles was exported from Zotero in RIS format and processed
in VOSviewer, selecting the option of term co-occurrence from the study abstracts. This
procedure made it possible to generate a visual map of semantic relationships between
main concepts, identify thematic groupings (clusters), and explore the conceptual structure
of the reviewed literature. The bibliometric analysis complemented the understanding of
the connections between the different dimensions addressed by the analyzed studies.

The records identified in each database were exported in RIS format for compatibility
with Zotero software. Once imported, a metadata normalization process (authors, title, year,
and DOI) was performed, and duplicate records were removed using Zotero’s duplicate
detection feature, which was then verified manually to avoid the erroneous exclusion of
relevant studies. After cleaning, a single RIS file was consolidated with the 109 articles
included, which was processed in VOSviewer for bibliometric analysis. The data were
retrieved between 31 January and 20 February 2025, ensuring that the set of records was
consistent in terms of time and methodology.

Although the bibliometric analysis is presented within the results, its inclusion was
strictly complementary to the systematic review developed under the PRISMA protocol.
Its purpose was to identify publication patterns, authors, and thematic clusters that would
enrich the interpretation of the findings obtained in the qualitative and quantitative syn-
thesis. Thus, the methodological and analytical core of the study remains the systematic
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review, with bibliometrics used only as an additional resource to provide a broader view of
the scientific landscape.

3. Results

To prepare the results, main thematic categories related to the factors, strategies,
limitations, barriers, and challenges for digital literacy in agriculture were identified, dif-
ferentiated by geographical region (Europe, Asia, Latin America, and Africa). In each
subsection of the results, the emerging categories and subcategories are presented, ac-
companied by examples and specific references that show how each topic contributes to
answering the research question and meeting the objectives set. This ensures traceability
between the original data, the thematic analysis, and the conclusions drawn.

3.1. Bibliometric Analysis of Scientific Output
3.1.1. Scientific Output by Country with Two or More Articles

The analysis shows that the country with the highest number of publications is China
with 13 articles. Other countries with significant contributions are Ghana (6), Indonesia (5),
Bangladesh (4), Thailand (4), India (4), Vietnam (3), Malaysia (2), Bolivia (2), Nigeria (2),
Nigeria (Ebonyi State) (2), United Kingdom (2), and Tanzania (2). This concentration may
reflect regional research priorities or greater availability of resources, as shown in Figure 3.
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Figure 3. Scientific output with two or more articles.

3.1.2. Thematic Categories of Articles

Figure 4 shows the thematic categories identified in the articles reviewed, which reveal
a diversity of approaches. The most frequent category is Decision-making and farmer
behavior, with 30 publications, followed by Irrigation technologies and sustainability (20),
Technology adoption in agriculture (20), Impact of technology on agricultural productivity
(15), Use of information and communication technologies (ICT) in agriculture (13), and
Education and training in precision agriculture (11). This reflects the interdisciplinary
nature of the topic studied.
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Education and Training in Precision Agriculture 11

Use of ICTs in Agriculture 13

>
3 Impact of Technology on Agricultural Productivity 15
oo —_————
[}
"f'é Irrigation Technologies and Sustainability 20
o

Technology Adoption in Agriculture 20

Farmer Decision-Making and Behavior 30

Amount

Figure 4. Number of articles by subject category.

3.1.3. Types of Documents Reviewed

Most of the documents reviewed are articles from scientific journals, with articles being
the predominant type with 102 records. Conference papers are also included with 7 records,
along with other formats, which shows different channels of academic dissemination,
presented graphically in Figure 5.

120

102

80

60

Amount

40

20

Article Conference paper

Document type

Figure 5. Type of documents reviewed.

3.1.4. Scientific Production by Year

The annual evolution of scientific production shows a growing trend in recent years,
as shown in Figure 6. The year with the highest number of publications was 2024 with [26]
articles, reflecting a growing academic interest in the analyzed topic of digital literacy and
technology adoption in agriculture.
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Figure 6. Scientific output by year.

3.1.5. Most Productive Authors

Based on the “‘Author” column, as shown in Figure 7, the researcher with the highest
number of publications is Liu, with a total of 5 articles. Other authors who also stand out in
the scientific output analyzed are Addison (3), Sujianto (2), Martinez (2), Sun (2), Addai (1),
Nakano (1), Mgendi (1), Mardiharini (1), and Baul (1). This analysis allows us to identify
the main researchers who are leading the generation of knowledge in the field reviewed.

(0]

s

Number of publications
N w

Liu

Addison
Sujianto
Martinez
Sun

Addai
Nakano
Mgendi
Mardiharini
Baul

Author

Figure 7. Number of publications by the most productive authors.

3.1.6. Publishers with the Most Articles Published

The publisher with the highest number of articles published is Multidisciplinary
Digital Publishing Institute (MDPI), with a total of 15 articles. Other publishers with a
significant presence include Elsevier Ltd. (12), Heliyon (7), IEEE (5), BioMed Central Ltd.
(4), Journal of Innovation and Knowledge (3), De Gruyter Open Ltd. (3), Institute of Physics
(3), Smart Agricultural Technology (3), and Agricultural Extension Society of Nigeria (2).
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These scientific publications represent the main means of dissemination used in the studies

reviewed, as shown in Figure 8.

Editorials

Agricultural Extension Society of Nigeria 2
Journal of Innovation & Knowledge 3
De Gruyter Open Ltd 3
Institute of Physics 3
Smart Agricultural Technology 3
BioMed Central Ltd 4
IEEE 5

Heliyon 7

Elsevier Ltd 12

Multidisciplinary Digital Publishing Institute (MDPI) 15

o 2 4 6 8 10 12 14 16
Amount

Figure 8. Publishers with the most articles published.

3.1.7. VosViewer Analysis

As part of the bibliometric analysis, a co-occurrence map of terms was constructed

using VOSviewer software version 1.6.20, based on the abstracts of the 109 studies included.

The objective was to identify the most frequent terms and their thematic relationship,

allowing the visualization of conceptual clusters within the field of study on digital literacy

and the adoption of agricultural technologies.

The resulting diagram presented in Figure 9 reveals the existence of three main clusters

differentiated by color:

Red cluster: Focused on topics related to knowledge, research, gaps, and training.
Concepts such as research, training, knowledge, gap, and application are grouped in
this category, indicating an academic and training approach to digital literacy and the
training needs of farmers.

Green cluster: Associated with topics related to technology adoption, agricultural out-
comes, and governance. Terms such as technology adoption, government, rice, income,
China, and evidence stand out, reflecting research focused on the effects of agricultural
technology adoption in specific contexts, especially related to rice production.

Blue cluster: Represents terms related to the global and climate context, such as climate
change, country, importance, and smallholder farmer. This cluster connects the topic
with broader structural challenges, such as sustainability and rural vulnerability.

The density of connections between terms indicates high frequencies of co-occurrence,

reflecting a strong interrelationship between digital literacy, training, innovation, and

agricultural outcomes. Furthermore, the centrality of terms such as training, technology

adoption, and research suggests that these concepts function as semantic bridges between

clusters, confirming their relevant role in scientific discourse on the topic.
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Figure 9. Map of term co-occurrence in selected articles in the RSL.

3.2. Response to Research Objectives
3.2.1. OBJO01: Describe the Main Topics, Tools, or Technologies Addressed in Digital
Literacy for Farmers

Digital literacy in agriculture has focused on a wide range of topics and tools, such as
the Internet of Things (IoT), precision agriculture, and the use of sensors and drones, that
seek to facilitate the adoption of emerging technologies by farmers [27-29]. Training efforts
have focused particularly on the use of ICT for tasks, such as irrigation management, crop
monitoring, automation of agricultural processes, improving efficiency in the use of inputs,
agronomic decision-making, and access to climate and market information [14,30,31]. These
training courses have contributed to strengthening essential digital skills and improving
the uptake of technological tools in rural contexts, although their adoption still faces
infrastructure and technical training barriers.

One of the priority issues has been the use of smartphones and agricultural applica-
tions, which allow farmers to access real-time climate data, market prices, and agricultural
practices [32,33]. The adoption of smartphones, analyzed through regression models that
allow the understanding of factors such as age, attitude to risk, and farm size, influences
the timing of adoption of these technologies [34,35]. Training in this area has proven partic-
ularly relevant for improving productivity and reducing dependence on intermediaries for
access to information [15,26,36,37]. As a result, digital literacy promotes earlier and more
efficient use of digital tools, thereby strengthening the digital transformation process in
rural areas [37-39].

In terms of digital platforms and systems, the development of the Online Farm Trials
(OFT) system stands out. This Australian platform provides structured access to agricultural
data using FAIR (Findable, Accessible, Interoperable, Reusable) principles. This system has
facilitated digital literacy by offering farmers a user-friendly interface to consult field trial
results, compare them, and apply them to their own agricultural practices [39].

3.2.2. OBJ02: Identify the Instruments and Techniques Used to Measure the Impact of
Digital Literacy on the Adoption of Agricultural Technology

Various studies have used a wide range of instruments, as well as data collection and
analysis techniques, to measure the impact of digital literacy on the adoption of agricultural
technology. These tools seek to capture both the digital skills and technological practices
effectively implemented by farmers, as well as the associated socioeconomic variables.

One of the most common instruments is the structured survey, administered online
or in person, as evidenced in studies by the authors of [13,18,30,33,35,40-51], where a
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questionnaire was administered to 200 German farmers to assess the adoption of smart
agricultural technologies, with questions on age, income, ICT use, and types of technology
adopted [26,51-67]. These data were analyzed using econometric models, such as the Tobit
regression model, to establish significant relationships between variables [13,15,39,40,42—
44,46-49,58,63,68-76].

In the South African context [37], combined structured interviews with practical
tests on mobile phone use, which allowed them to identify different levels of digital
literacy based on everyday use of devices and applications [16,18,26,28,44,47,48,77-83]. In
addition, they used checklists to observe skills such as messaging, browser use, and digital
agricultural information management.

In other studies, such as that conducted by the authors of [70,84], household surveys
were conducted in rural communities in China, supplemented with data from agricultural
social networks. This approach made it possible to capture the impact of neighborhood
networks and the demonstration effect on the adoption of digital technology. The surveys
included Likert scales to measure the frequency of technology use, perceived usefulness,
and confidence in digital tools [18,43,46-49,59,60,63,66].

Among the studies analyzing the relationship between digital platforms and tech-
nology adoption, research conducted in Australia [15] showed that the combined use of
platform usage metrics, such as OFT and interviews with users and developers, allows for
real-time identification of the impact of access to structured data under FAIR principles
on digital learning. This finding is relevant to our study because it reinforces the trend
identified in this systematic review, according to which the availability and standardiza-
tion of data favor digital literacy processes and accelerate the adoption of technologies in
agricultural environments, a key aspect for technological and economic sustainability in
production chains, such as rice in Lambayeque.

3.2.3. OBJ03: Analyze the Models and Theoretical Approaches That Have Been Applied to
Study the Adoption of Agricultural Technologies Based on Digital Literacy

The study of the adoption of agricultural technologies based on digital literacy has
been approached from various theoretical models and methodological approaches that
explain the factors that influence farmers” willingness, readiness, and behavior toward
digital innovations.

Among the theoretical frameworks most used in the studies reviewed, the Technology
Acceptance Model (TAM) [60,81,85] stands out, which has been fundamental in assessing
how the perceived usefulness and perceived ease of use of a technology affect the intention
to adopt it. This predominance was evident in our analysis, and it was observed that
this model has been enriched with other approaches such as TRAM (Theory of Reasoned
Action with Motivation) [72], which introduces attitude as a key mediating variable, and
TRI (Technology Readiness Index) [81], which incorporates dimensions, such as optimism,
innovation, insecurity, and discomfort, to measure individual willingness toward technology.

The review identified that several studies have applied econometric models, such
as the Tobit regression model, to analyze the timing of adoption of technologies such as
smartphones and smart farming systems. The findings of these studies show that variables
such as age, farm size, and attitude toward risk influence adoption decisions, which is
relevant for the design of differentiated digital literacy strategies [40].

Another important contribution comes from studies that integrate the FAIR approach,
which not only improves the accessibility of digital agricultural data but also provides a the-
oretical framework for promoting transparency, reuse, and interoperability of information
on platforms such as OFT [16].

The literature review identified a trend toward more holistic models that conceive
agricultural digitization as a complex socio-technical phenomenon. Among these, ap-



AgriEngineering 2025, 7, 296

15 of 29

proaches based on socio-cyber-physical systems (SCPS) stand out, which integrate human,
technological, and environmental dimensions and facilitate the assessment of the impact of
digital literacy on technology adoption at different levels of analysis [82,86].

From a more contextual perspective, some studies have also considered models such
as the Agricultural Knowledge and Innovation System (AKIS) [86], which analyzes how
agricultural knowledge is generated, transferred, and applied based on farmers’ digital
capabilities. This perspective allows digital literacy to be linked to the agricultural inno-
vation ecosystem, considering the role of institutional actors, social networks, extension
services, and digital platforms [63,70,87,88].

3.2.4. OBJ04: Determine the Main Factors Influencing Farmers’ Digital Literacy and Its
Relationship with the Adoption of Agricultural Technology

The results show that the age of the farmer is a determining factor in technology
adoption; older producers are more resistant to using digital tools and require more time
to acquire basic skills, which limits the incorporation of modern agricultural technolo-
gies [40,41,73,89]. Likewise, technological infrastructure is confirmed as an important
factor; the availability of the internet, mobile phones, smart devices, and reliable electricity
supply directly affects the development of digital skills. This availability is consider-
ably lower in rural areas, which deepens the digital divide between farmers in different
regions [37,50,65,90].

The findings confirm that technical training and prior education have a decisive
influence on digital literacy levels. Farmers with higher formal education or participation
in training programs have more developed digital skills. This shows that digital literacy
does not depend solely on access to devices but also on the ability to understand, process,
and apply technological information in agricultural practices [26,80,86,91].

The results show that, from a sociocultural perspective, the community environment
and farmer networks have a significant influence on the development of digital skills.
In contexts with a marked “neighborhood effect,” producers learn by observing their
peers and replicating successful practices [51,92]. This peer learning not only promotes
technology adoption but also acts as an alternative and complementary channel for digital
literacy [84,93].

The findings show that the relationship between digital literacy and technology adop-
tion is bidirectional; greater digital literacy facilitates the incorporation of new technologies,
while frequent use of digital tools strengthens farmers’ learning and technological au-
tonomy [83,94,95]. This synergistic dynamic highlights the need to invest not only in
infrastructure but also in ongoing training programs and collaborative learning mod-
els [58,96-98].

3.2.5. OBJ05: Synthesize the Main Findings and Barriers Regarding the Relationship
Between Digital Literacy and the Adoption of Agricultural Technologies Reported in the
Scientific Literature

The results show that digital literacy and the adoption of agricultural technologies are
closely linked, with neighborhood networks and technical education playing a prominent
role [99-102]. In rural communities, peer influence acts as a catalyst for the incorporation
of innovations, as many farmers replicate the practices of those with more experience or
recognition in their environment. This neighborhood effect contributes to the informal
transfer of digital knowledge and reduces the perception of risk associated with technology
adoption [61,64,70].

The findings reveal that significant barriers to the full use of ICTs in agriculture
remain. These include low levels of digital literacy, especially in intermediate and advanced
skills [49,62,103], which limits the use of applications that require web browsing, data
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interpretation, or interaction with digital platforms. This limitation is more pronounced
among older farmers with lower levels of education or without access to formal digital
training [13,37,67,104].

At the structural level, the results show the presence of barriers related to access,
connectivity, and technological infrastructure, highlighting the poor quality of the internet
in rural areas, the limited availability of smart mobile devices, and the lack of technical
support [68,76,105]. These conditions reduce the effectiveness of digital literacy programs
and restrict the active use of technological tools in agriculture. Likewise, the need to
adapt technological solutions to the cultural and linguistic context of each community was
identified in order to promote more inclusive and equitable adoption [54,77,86,106].

The findings indicate that factors such as farmer age, risk attitude, and farm size
significantly influence technology adoption [56,107]. Younger farmers and those with larger
land holdings were found to be more willing to invest in digital technologies, particularly
when they identified tangible economic benefits. Likewise, analysis using econometric
models, such as Tobit, confirms that digital literacy has a direct effect on both the timing
and intensity of the adoption of these technologies [40,108,109].

3.2.6. OBJ06: Examine the Strategies Implemented to Improve Farmers’ Digital Literacy
and Their Impact on the Adoption of Emerging Technologies

Farmers’ digital literacy has been addressed through various educational, techno-
logical, and community strategies aimed at closing the digital divide in rural areas and
promoting the adoption of emerging technologies in agriculture [30,66,74,75]. One of the
most common strategies has been to promote the use of smart mobile devices and the
internet, which has allowed farmers to access climate information, market prices, technical
recommendations, and agricultural applications. In the Chinese context, for example, it
was observed how familiarity with these digital tools facilitated the adoption of innovative
practices through social learning and the neighborhood effect [48,70,79,110].

In South Africa, digital literacy initiatives focused on personalized training through
interviews and practical activities, where farmers learned to use mobile phones for basic
agricultural management, such as sending messages, accessing information platforms, and
contacting suppliers. This approach allowed digital skills to be built from a basic level,
prioritizing functionality over technological sophistication [37,42,98].

Globally [86], the creation of digital agricultural ecosystems has been reported, in-
cluding virtual training environments, access to remote extension services, and platforms
for collaborative learning among farmers. These strategies have been complemented by
pedagogical approaches such as co-creation of content, use of local narratives, and gamifi-
cation of digital learning, which have been shown to improve motivation and retention of
technical knowledge [43,111,112].

In addition, in Germany, digital literacy programs were found to have a direct impact
on the intensity and timing of technology adoption, especially among young farmers or
those with larger farms [46,55,113]. The incorporation of emerging technologies, such as
drones, IoT sensors, and precision agriculture platforms, was faster in those groups that
had previously been trained, confirming the importance of training strategies as enablers
of technological change [40,80,114,115].

Opverall, the strategies implemented have shown that digital literacy goes beyond mere
technical learning; it also involves building confidence, ownership of tools, and the creation
of knowledge-sharing networks. These actions have not only facilitated the adoption of
emerging technologies but have also contributed to a structural transformation of the role
of farmers in 21st-century digital agriculture [18,116-118].
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3.3. Comparative Analysis by Region: Europe, Asia, Latin America, and Africa

The regional comparative analysis identified different patterns in the factors influ-
encing digital literacy and technology adoption, as well as in the strategies implemented
to strengthen these skills in agricultural contexts. In Europe, the predominant factors
are related to consolidated digital infrastructure, technical training, and participation in
institutional programs, while strategies focus on the use of FAIR platforms, formal train-
ing, and the integration of ICTs into agricultural policies. In Asia, technology adoption
is conditioned by the generation gap, low connectivity, and the effect of community net-
works; strategies prioritize community training, smartphone use, and cultural adaptation
of content. In Latin America, limiting factors include economic barriers, restricted access
to technical support, and the need to strengthen basic digital literacy; the most common
strategies include peer learning, gamification, and public outreach programs. In Africa,
the main barriers stem from limited technological infrastructure, high access costs, and
gender inequality, while strategies are geared toward practical training in the field, the use
of community media, and the inclusion of women in ICT literacy programs.

The incorporation of this regional analysis not only allows for a comparison of the
particularities of each geographical context but also identifies opportunities for the transfer
of good practices. The differences found reflect the need to design digital literacy policies
and programs that respond to specific socioeconomic, cultural, and technological realities,
thus promoting more inclusive and sustainable technology adoption.

3.3.1. Factors Influencing Digital Literacy and Technology Adoption by Region

The information extracted from the [98] studies included was organized according to
geographical region: Europe, Asia, Latin America, and Africa. Table 4 presents the main
factors identified in each region, as well as the frequency with which they were cited and
the key references that support them.

Table 4. Factors influencing digital literacy and technology adoption by region.

Region Most Frequently Cited Factors Frequency (No. of Articles) References

— Access to the internet and
smart devices.

— Educational level and
previous training.

Europe — Age of the farmer (young 10 [15,26,35,37,38,40,53,54,74,81]

people adopt earlier).

— Participation in institutional
training programs.

— Size of the farm.

— Generational gap in ICT use.

— Low connectivity in rural areas.

— Limited technological

. infrastructure. [16,18,28,35,39,40,42,44,48,49,
Asia — Neighborhood effect and 17 52,57,58,65,82,98]

community networks.

— Attitude toward risk and
perception of usefulness.
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Table 4. Cont.

Region

Most Frequently Cited Factors Frequency (No. of Articles) References

Latin
America

Educational level and basic
digital literacy.

Economic barriers to

accessing devices.

Lack of local technical support.
Peer learning.

Influence of producer
organizations.

8 [16,45,73,74,77,81,92,94]

Africa

Poor digital infrastructure.
High costs of access to ICT.
Limited formal training.
Influence of community
networks on

technology adoption.
Gender gap in access

to technology.

3 [16,49,81]

In comparative terms, in Europe the factors are strongly associated with digital infras-
tructure, formal education, and participation in institutional training programs, while in
Asia, connectivity limitations and the effect of community networks stand out. In Latin
America, economic constraints and the lack of technical support are more influential, al-
though producer networks play an important role. In Africa, barriers are concentrated in
infrastructure and unequal access to ICTs, with a particular emphasis on the gender gap.

3.3.2. Strategies to Improve Digital Literacy by Region

Table 5 shows the main strategies identified in the literature for each region, with their
frequency and references.

Table 5. Strategies to improve digital literacy by region.

Region

Frequency (Number of

Articles) References

Main Strategies

Europe

Institutional training programs.

FAIR platforms (e.g., OFT) with

access to agricultural data.

Online courses on

precision agriculture. 10 [26,37,38,40,54,74,81,92,93,95]
Collaborative learning in

agricultural extension networks.

Integration of ICT in

agricultural policies.

Asia

Face-to-face

community training.

Use of mobile phones for

agricultural management.

Networks of leading farmers 14
and neighborhood effect.

Cultural adaptation of content.

Training in emerging

technologies (IoT, drones).

[18,28,39,40,42,44,49—
51,53,57,58,82,98]
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Table 5. Cont.

Frequency (Number of

Region Main Strategies Articles) References
Peer learning.
Use of local narratives
i in training.
k;h;-ica Gamiﬁcatgion of content. 5 [16,45,74,92,94]
Public outreach programs.
Practical field workshops.
Practical field training.
Use of community radio and
SMS for agricultural
dissemination.
. Pilot projects with close
Africa monitoring. 1 [81]
Integration of local leaders
as trainers.
ICT literacy workshops for
rural women.

Comparative analysis reveals that Europe leads in the use of FAIR platforms and
institutionalized training, and Asia stands out for its focus on community training and
mobile technologies. Latin America prioritizes culturally adapted participatory strategies,
and Africa is characterized by the use of local media and inclusive approaches for women
and vulnerable communities.

3.4. Limitations, Barriers, and Challenges by Region

The regional analysis not only identified the factors and strategies that influence digital
literacy and technology adoption but also recognized the specific limitations, barriers, and
challenges of each geographical context. Limitations refer to methodological gaps, restricted
geographical coverage, or biases in the approach of the studies; barriers represent structural,
technological, economic, and sociocultural obstacles that hinder the implementation of
technologies. Challenges point to the priority actions required to promote inclusive and
sustainable technology adoption.

Table 6 summarizes these elements for the four regions analyzed—Europe, Asia, Latin
America, and Africa—allowing for comparisons to be made and recommendations tailored
to each reality to be proposed.

Table 6. Constraints, barriers, and challenges by region.
Region Constraints Barriers Challenges Key References
Limited evidence in
isolated rural areas; Low participation of Incorporate older
. . p p . .

Europe studies pre-domman?ly older farmers in farmers into training [26,37,38,53,54]
co.nduc':ted in countries digital programs. and technologlcal
with high digital adaptation processes.
infrastructure.
High concentration of Develop culturally
studies in leading Low ruljal- adapted, low-cost

Asia countries (China, India), connectivity, unequal technological [18,28,35,40,42,49]

lower coverage in less
developed areas.

access to devices,
language barriers.

solutions; expand rural
internet coverage.
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Table 6. Cont.
Region Constraints Barriers Challenges Key References
o Lack of local Irpplement sqstamed
Lack of longitudinal technical support digital extension
Latin studies and long-term - SUpport, programs and foster [16,45,73,74,92]
) . economic barriers to .
impact studies. s local technical support
ICT acquisition.
networks.
Limited diversity of lelted digital . .Improve rural digital
. . infrastructure, high infrastructure,
. studies, concentrated in . R .
Africa . . access costs, gender  integrate inclusive [81]
countries with . o
. . . inequality in access ~ programs for women
international cooperation.
to ICT. and young people.

This analysis highlights that, although there are common factors and strategies across
regions, the limitations and barriers respond to very specific contexts, which requires the
design of differentiated digital literacy policies and programs. Likewise, the challenges
identified can guide the planning of interventions that ensure more equitable, efficient, and
sustainable technology adoption in each region.

4. Discussion

The review of the 109 articles analyzed identified consistent patterns and critical
gaps in the factors influencing digital literacy, technology adoption, and digital skills
development in the agricultural sector. The findings reveal not only an interest in digital
transformation in the agricultural sector, which has grown significantly among the scientific
community but also a series of tensions, gaps, and structural challenges that deserve
sustained attention [70,86]. However, this interest has not necessarily translated into
equitable or sustainable results in practice.

One of the most notable aspects is the persistent asymmetry between public policies
and actual technology adoption practices in agricultural settings [37,40,70]. Despite the
design and implementation of institutional training programs aimed at facilitating access
to agricultural technologies, studies show that significant gaps persist, particularly in rural
areas and vulnerable populations. This reality is exacerbated by factors such as limited
connectivity, digital infrastructure, low technical training, and the cultural irrelevance of
many technological proposals.

Many studies indicate that digital literacy goes beyond the instrumental use of tools; it
involves a critical understanding of technology, which enables farmers to interpret, adapt,
and appropriate technologies as a means of cultural, cognitive, and social mediation, de-
pending on their contexts [37,86]. For their part, studies on precision agriculture agree
that cultural and social resistance represents a more complex barrier than economic fac-
tors [40,70]. Traditional practices and the intergenerational transmission of knowledge
tend to prioritize locally proven methods, reducing the willingness to experiment with
new tools. Low digital literacy limits the ability to interact with platforms and devices,
while mistrust of technological innovations delays the acceptance of external solutions,
which are perceived as risky or alien to the context. This disconnect suggests the need for
contextualized policies that incorporate the socio-territorial particularities of agriculture,
especially in rural areas and indigenous communities. From a theoretical perspective,
these results are in line with the social construction of technology (SCT) perspective, which
argues that technology adoption is conditioned not only by its functionality but also by the
interaction between users, cultural values, and social structures [26].
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A point of convergence between both sectors is the importance of human and social
factors in technology implementation. Evidence shows that innovation does not depend
exclusively on infrastructure or technological design but on the interaction between in-
dividuals, communities, and public policies [16,86]. In this sense, technology must be
understood as a social construction, and not as an end in itself.

On the other hand, a recurring gap in the articles reviewed is the lack of longitudinal
studies that measure the sustained impacts of digital literacy on agricultural productivity,
equity, or community resilience [37,40]. Likewise, few studies address the socio-emotional,
ethical, and ecological dimensions of digital transformation in an integrated manner,
opening up future lines of research around technological equity, sustainability, and digital
justice [86].

The results of this review, which show the combined influence of social, educational,
and technological factors on the adoption of innovations, demonstrate that digital literacy,
technology adoption, and the strengthening of digital skills require intersectoral, interdis-
ciplinary, and people-centered approaches. Technology can be a lever for transformation
but only when it is integrated into conscious, participatory, and culturally rooted social
processes [16,70].

In addition, other authors have written on various topics related to this research topic,
regarding the impact of technology on agricultural productivity not only in rice cultivation
but also in corn and cassava, as well as safe practices in the use of pesticides, associated with
health problems and environmental pollution [71,119]. With regard to decision-making
and agricultural behavior, the positive perception of organic farmers was analyzed, who
perceive that access to agricultural information via the internet increases the adoption of
climate-resilient varieties by 8% [37]. WhatsApp is the most widely used tool for immediate
communication [58]. They also consider that the main problems are weeds, pests, and
lack of technical knowledge [47]. Given the above, it is recommended to strengthen public
extension services so that adaptation to climate change, which depends on land size,
education, use of improved varieties, and technical assistance, is viable [44,47,120-122].

The comparative analysis by region shows that the influence of cultural, cognitive,
social, human, and economic factors on digital literacy and technology adoption presents
marked contextual differences, which conditions the effectiveness of the strategies implemented.

In Europe, cultural factors show a high level of acceptance of technological innovation,
although some resistance persists in rural communities with aging populations [40]. From
a cognitive perspective, high levels of digital literacy facilitate the use of complex tools such
as FAIR platforms, precision agriculture systems, and real-time data analysis [16]. Formal
agricultural extension networks are a key social component that promotes knowledge
transfer [46]. On a human level, the generation gap remains a determining factor, as young
farmers have higher rates of technology adoption. Economically, consolidated infrastruc-
ture and access to finance provide an enabling environment for digitization. Consistent with
these factors, prevailing strategies include institutional training programs, online courses,
and the use of FAIR platforms for the dissemination of agricultural information [16,28].

In Asia, cultural factors are conditioned by linguistic and cultural diversity, which
requires adapting training content to local dialects and contexts [28]. Cognitively, there is
great heterogeneity in digital skills, with significant gaps between urban and rural areas [48].
The social component is characterized by a strong neighborhood effect, where technology
adoption is driven by the influence of community leaders and pioneer farmers [70]. At
the human level, age and gender differences persist in access to and use of ICTs, while
at the economic level, inequality in device availability and connectivity remains a critical
obstacle [27]. In response, the most effective strategies include face-to-face community
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training, the use of mobile phones as the primary tool, and the mobilization of agricultural
leaders for technology dissemination [13,29].

In Latin America, cultural factors favor contextualized learning methodologies that
incorporate local narratives and community knowledge [44]. From a cognitive standpoint,
digital skills are limited, especially in rural communities with low levels of schooling [13].
Socially, producer networks and peer learning are essential channels for the transfer of
technological knowledge [47]. Human factors include low average educational levels in
rural areas, while economic constraints and dependence on subsidies limit the capacity to
invest in digital technologies [39]. In this context, the most common strategies have been
to promote peer learning, use gamification to improve motivation, and implement public
agricultural extension programs [44,47].

In Africa, cultural factors are marked by a strong influence of local traditions and
significant gender inequalities in access to technology [50]. Cognitively, digital literacy
is in its infancy, limiting the use of more advanced technologies. Socially, community
networks rely on local media, such as community radio and SMS messaging services, to
disseminate agricultural information [31]. Human factors include low participation of
women and young people in training programs, and economic factors are characterized
by very limited access to digital infrastructure and financial resources [14]. The strategies
implemented have prioritized practical training in the field, the use of community radio,
and the development of inclusive programs for women and vulnerable communities [14,31].

This comparative analysis confirms that technology adoption in the agricultural sector
does not respond exclusively to technical variables, but is strongly mediated by cultural,
cognitive, social, human, and economic factors specific to each region. A detailed under-
standing of these differences is an essential basis for designing digital literacy strategies
tailored to particular contexts, thereby promoting more inclusive, sustainable, and cultur-
ally relevant digital transformation processes.

From a practical perspective, the findings suggest that digital literacy programs should
prioritize participatory methodologies, fostering collaborative learning and trust-building
in digital environments. Public policies should focus on expanding rural connectivity, es-
tablishing incentives for the adoption of technological solutions, and promoting regulatory
frameworks that ensure data interoperability and information privacy. For agricultural
technology providers, the study offers evidence on the importance of developing tools with
intuitive interfaces, local technical support, and accessible business models, especially for
small- and medium-sized producers.

In theoretical terms, this research contributes to broadening the conceptualization
of digital literacy as a multidimensional construct applicable to the agricultural sector,
integrating emerging variables such as digital adaptation, technological trust, and local
innovation capacity. In addition, the comparative analysis of international experiences
reveals that sustainable technology adoption is most effectively achieved when digital
inclusion is combined with the gradual introduction of tools, facilitating appropriation and
adaptation to local realities. Together, these contributions not only synthesize the available
evidence but also offer a useful reference framework for researchers, policymakers, and
sector actors aimed at promoting the transition to a more productive, inclusive, and resilient
agriculture in the face of the challenges of climate change and market volatility [37,86].

Finally, another aspect that has been largely overlooked in the literature is the ethical
and ecological dimension of digital transformation. Only a fraction of studies considers how
the adoption of technologies can reproduce gender inequalities, generational exclusion, or
technological dependence. This omission represents an opportunity to expand the analysis
toward approaches that integrate digital justice, environmental sustainability, and farmers’
digital rights as central dimensions of the technological literacy process.
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5. Conclusions

We conclude that the main themes, tools, and technologies addressed in digital literacy
in agriculture have revolved around the use of sensors, 10T, drones, mobile applications,
and platforms such as the OFT system. These technologies have improved agricultural
decision-making, optimized resource use, and facilitated access to real-time information.
However, their adoption is limited by the lack of infrastructure and the need for technical
training contextualized in rural environments.

The studies reviewed show that the use of instruments, such as structured surveys,
semi-structured interviews, checklists, analysis of digital platforms, as well as econometric
models such as Tobit and Likert scales, has made it possible to demonstrate the relationship
between digital literacy and technology adoption. The effectiveness of these tools confirms
the need to assess not only technical skills but also attitudes, contexts, and social barriers
that influence adoption processes.

Overall, the evidence reviewed indicates that the most widely used models, such as
TAM, TRAM, TRI, AKIS, and the FAIR approach, have proven useful in explaining both the
individual and systemic factors that influence technology adoption. Their application con-
firms that digital literacy is a multidimensional process, ranging from perceived usefulness
to platform interoperability. Furthermore, the latest trends reinforce the need to adopt a
socio-technical view, in which the local context and human interactions play a decisive role.

It was determined that the main factors influencing farmers’ digital literacy are age,
educational level, access to technological infrastructure, and the community environment.
A synergistic relationship was also identified: greater digital literacy promotes technology
adoption, and continued use of technology strengthens digital skills. The influence of peer
learning and the neighborhood effect were also found to be fundamental in explaining the
development of digital skills in rural contexts.

The articles reviewed show that the most effective strategies for promoting digital
literacy in agriculture combine personalized training, easily accessible platforms, narratives
adapted to the local culture, gamification elements, and collaborative learning dynam-
ics. These approaches not only increase motivation but also reduce cultural barriers and
strengthen farmers’ digital autonomy. The convergence of these elements suggests that the
effectiveness of programs lies in their ability to adapt to the particularities of the context
and to position farmers as key actors in technological transformation processes.

Likewise, institutional strategies that integrate FAIR platforms, such as OFT, agricul-
tural extension networks, and interactive digital ecosystems, have had a more notable
impact among young farmers and those with larger production scales. These results rein-
force the idea that digital literacy is not limited to access to tools but redefines the role of
farmers within the 21st-century digital agricultural ecosystem, giving them a more active
role in the generation, exchange, and application of knowledge.

Despite the methodological rigor applied in this systematic review, some limitations
should be considered in future research. Most of the studies included come from specific
geographical contexts (mainly Europe, Asia, and Latin America), which could limit the
generalization of the findings to other regions with different agricultural dynamics. Fur-
thermore, although important factors for digital literacy and technology adoption were
identified, not all articles use comparable theoretical models (such as TAM, UTAUT, or
TRI), making it difficult to establish universal patterns or quantifiable trends. Many studies
analyze pilot cases or short-term interventions, so the long-term impacts on agricultural
sustainability are still largely unexplored.

In terms of future research, it is recommended to develop longitudinal studies to assess
how digital skills evolve in the agricultural population over time. Further research is also
needed on the role of rural women and youth in technology adoption, as their participation
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may be crucial to closing the digital divide. Finally, it is crucial to promote the creation
and validation of standardized instruments to measure the impact of digital literacy on
productivity, environmental sustainability, and climate resilience in the agricultural sector.
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