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Access to advanced agricultural technologies remains a
significant barrier for smallholder farmers, limiting productivity
and sustainability in rural communities. This study assesses the
readiness of farmers in Marupangdan and Astorga, Daram,
Samar, to adopt precision farming through Andragogical
Science and Technology Education programs. A descriptive-
evaluative research design was used, collecting data from 41
farmers through structured interviews with a questionnaire
translated into the local dialect for inclusivity. Descriptive
statistics analyzed demographic profiles, adoption willingness,
and insights into precision farming practices. The findings
revealed that the average age of respondents was 51.12 years,
with 78.05% having only elementary education. A significant
modernization gap was observed, as none of the farmers utilized
precision farming technology, despite 60.98% being familiar
with the concept. Notably, 97.56% expressed interest in
collaborative learning networks. Barriers to adoption included a
lack of training, high costs, and limited technical support.
Farmers prioritized increased crop yield (85.35%) over
environmental benefits (2.44%), highlighting a knowledge gap
regarding sustainability. This study recommends targeted
interventions, including phased technology introduction,
financial support mechanisms, and community-driven learning
initiatives to facilitate technology adoption. Policymakers
should consider integrating mobile-based advisory services,
shared equipment programs, and government incentives to
enhance accessibility. Future research should explore
longitudinal studies on technology adoption and comparative
studies in regions with successful andragogical education
models. These insights contribute to developing adaptive,
evidence-based strategies for rural agricultural transformation.

1. Introduction

Limited access to advanced agricultural technologies has long hindered productivity and
sustainability in rural farming communities. Smallholder farmers, in particular, remain heavily
reliant on traditional methods, which are highly susceptible to environmental and economic shifts,
perpetuating cycles of poverty (Cruz, 2020). In Marupangdan and Astorga, Daram, Samar, these
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challenges are further compounded by an aging farming population, limited educational
attainment, and restricted access to modern agricultural innovations, as highlighted in local
development plans (PhilAtlas, 2022). Such constraints have slowed the adoption of sustainable
farming practices, ultimately impeding agricultural progress and economic resilience.

In these communities, smallholder farmers operated on farms averaging less than two
hectares in size, with the majority practicing crop-only farming. Despite years of experience,
ranging from 02 to 50 years, and a firm reliance on staple crops like sweetpotato, the absence of
technology severely limited productivity and innovation. This aligns with findings highlighting
the prevalence of traditional practices and a lack of technological integration across similar
farming systems in developing regions (Aryal et al., 2020).

The AGHAM (Advanced and Geared Honing Agricultural Management) program was
developed to address the persistent challenges hindering technology adoption among
smallholder farmers. While numerous studies-such as those by Fadeyi et al. (2022) and the Food
and Agriculture Organization (FAO, 2020) - have identified barriers to modern agricultural
technology adoption, including limited access to capital, inadequate information dissemination,
and infrastructural constraints, they often focus on broad, regional challenges without offering
localized strategies tailored to smallholder farmers’ socio-economic and educational realities.

The existing literature on technology adoption in Southeast Asia has explored various
factors that influence it. Le et al. (2024) highlighted that subjective norm, perceived behavioral
control, and perceived usefulness significantly affect adoption of digital extension services
among smallholder farmers in Cambodia, the Philippines, and Vietnam. Meanwhile, John et
al. (2023) identified high initial investment costs, poor connectivity, additional operational
expenses, and limited technical skills as key barriers in Malaysia’s smallholder farming sector.
Despite these insights, there remains a gap in understanding how an integrated, technology -
driven, and education-focused framework can overcome these barriers in the Philippine
agricultural setting, particularly in rural areas like Marupangdan and Astorga in Daram,
Samar, Philippines.

This study builds upon and extends existing research by proposing a structured,
community-specific intervention that integrates technological accessibility with targeted farmer
education to enhance adoption rates. Unlike prior studies, which often focus on external
constraints, this research examines how a phased, farmer-centric approach can gradually
facilitate sustainable agricultural development in resource-limited communities.

Grounded in Rogers’ Diffusion of Innovation Theory (Rogers et al., 2014), AGHAM
integrates adult learning principles by recognizing technology adoption as a gradual, experience-
driven process. The program follows a phased approach, starting with simple, cost-effective
technologies to build farmers’ confidence before advancing to more complex innovations. This
aligns with Rogers’ framework, emphasizing perceived benefits, compatibility with existing
practices, and early adopters’ influence. By embedding these principles, AGHAM ensures
practical, adaptive, and responsive technological interventions for smallholder farmers.

The role of education and technology transfer is central to AGHAM ’s strategy. Unlike
previous interventions that primarily focused on technology provision, this program integrates
skills enhancement and farmer empowerment, ensuring that innovations are not only
accessible but also effectively utilized. Research by Srivastav et al. (2021) and Athuman
(2023) underscores the importance of farmer education in achieving long-term adoption of
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sustainable agricultural practices. By promoting crop diversification, integrated farming
systems, and improved market access, AGHAM aims to address systemic barriers that have
historically hindered.

This study provided a baseline assessment of the farming community, emphasizing the
respondents' demographic, educational, and technological profiles. The results underscore
critical technological adoption, education, and diversification gaps, highlighting the pressing
need for tailored interventions to transform farming practices. By focusing on these factors, the
AGHAM program aimed to serve as a model for fostering inclusive and sustainable agricultural
management in rural communities.

This study directionally hypothesized that farmers exhibit distinct demographic,
educational, and farming-related characteristics that influence their agricultural practices. There
are identifiable trends in primary crops grown, indicating potential areas for diversification.
Farmer-respondents demonstrate varying willingness and awareness regarding precision
farming, with adoption influenced by their familiarity with technology, perceived benefits, and
contextual challenges.

Objectives

This study assessed farmers’ readiness for science and technology education as a
baseline study for establishing the Advanced and Geared Honing Agricultural Management
(AGHAM) Program. Specifically, it aimed to:

1. Profile the respondents’ demographic, educational, and farming-related characteristics
to understand their contextualized agricultural practices.

2. Assess the primary crops grown by the farmer-respondents to identify agricultural
trends and potential areas for diversification.

3. Describe the farmer-respondents’ willingness to adopt precision farming and their
level of awareness regarding its benefits and challenges.

4. Evaluate the ranked insights of farmer-respondents on precision farming practices,
including their familiarity with precision farming technologies, influencing factors in adoption,
and perceived challenges.

2. Theoretical basis
2.1. Demographic Profile of Farmers

Understanding farmers’ demographics is key to designing effective agricultural
programs. Age, gender, and education shape their ability to adopt new technologies (Liu et al.,
2023). An aging workforce slows modernization, as older farmers are less inclined to adopt
innovations (FAO, 2020). Gender also influences agriculture, with women playing a growing
role yet facing limited access to land, credit, and training (Santos et al., 2022).

Educational attainment is another key determinant of productivity and technology
adoption. Farmers with lower levels of education tend to rely on traditional methods and are less
likely to adopt innovations, necessitating the integration of accessible and practical training
programs (Tran et al., 2020). In the Philippines, small-scale farmers face significant challenges
in achieving economies of scale and integrating modern technologies. High agricultural costs,
rising food prices, and an over-reliance on imports have contributed to financial struggles among
farmers, impacting food security and sustainability (Beltran & Win, 2023).
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2.2. Farmers’ willingness to precision farming

Precision farming, characterized by using technology to optimize agricultural
productivity, has shown significant potential in addressing smallholder farmers’ challenges.
However, its adoption largely depends on farmers’ willingness and familiarity with the
technology. According to Rogers’ Diffusion of Innovation Theory, willingness to adopt
innovations is influenced by perceived benefits, ease of use, and compatibility with existing
practices (Rogers et al., 2014).

In Southeast Asia, including the Philippines, the adoption of precision agriculture
technologies is growing. Still, it remains limited due to high costs, lack of technical expertise,
and fragmented landholdings. For instance, the uptake of drones for agriculture in the
Philippines is increasing, yet these challenges hinder widespread adoption (Mendoza et al.,
2021). Similarly, smallholder rice farmers in Vietnam show varying levels of readiness to adopt
precision farming, influenced by factors such as the performance of agricultural cooperatives
and support from lead firms (Nguyen et al., 2023).

To enhance the adoption of precision farming, localized education programs tailored to
adult learners are essential. Applying andragogical principles, focusing on adult learners' needs
and experiences, can effectively bridge knowledge gaps. Training workshops that differentiate
pedagogy from andragogy and transform teaching methods from teacher-focused to student-
focused have been implemented in the Philippines to promote learner-centered education (Asian
Society of Teachers for Research, 2018). Such approaches are crucial in equipping farmers with
the necessary skills and knowledge to utilize precision farming technologies effectively.

2.3. Insights on precision farming practices

Adoption of precision farming technologies in Southeast Asia, including the Philippines,
is often hindered by systemic barriers such as high initial costs, limited technical expertise, and
fragmented landholdings. Small-scale, family-owned farms dominate the region’s agricultural
sector, and these farmers often lack the financial means to invest in advanced technology
(Shrestha et al., 2020). Innovative farming tools like agricultural drones, sensors, and automated
machinery are expensive, making the initial cost prohibitive. Additionally, many farmers lack
the technical know-how to use these tools effectively, creating a significant barrier to adoption
(Da Silveira et al., 2023).

Familiarity with precision farming practices varies among farmers in the region. Basic
tools such as GPS-based crop monitoring are more commonly known, while advanced
technologies like sensor-based nutrient management or drone applications are less familiar
(Gauci, 2021). For instance, while drones can function as an integrated solution for precision
agriculture, enabling automated seeding, real-time crop health monitoring, and precision
spraying, their widespread adoption is hindered by high costs and limited technical expertise
(Guebsi et al., 2024).

Factors influencing adoption include government incentives, cost-effectiveness, and
availability of training resources. Studies have shown that financial support and accessible
technology packages significantly increase the likelihood of adoption among resource-
constrained farmers. For example, the International Rice Research Institute (IRRI) and
innovative agriculture technology leader XAG have collaborated to promote digital agriculture
and precision farming in the Philippines, aiming to accelerate agricultural automation and
innovation through drone technology (International Rice Research Institute, 2025).
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On the other hand, challenges such as high upfront costs, the complexity of integrating
multiple technologies, and uncertainty about returns on investment remain significant barriers
to widespread adoption. Small-scale farmers often lack the financial means to invest in advanced
technology, and the initial cost is prohibitive. Additionally, many lack the technical know-how
to use these tools effectively, creating a significant barrier to adoption (Terra Drone Agri, 2024).

Effective adoption strategies involve phased interventions, beginning with simple
technologies to build confidence before transitioning to advanced systems. Additionally, farmer-
led networks and community-based learning initiatives have proven effective in disseminating
knowledge and fostering peer support. For instance, the Farmer Field School (FFS) approach
has been used in the Philippines to promote integrated pest management, combining concepts
and methods from agroecology, experiential education, and community development. This
group-based learning process has enabled farmers to reduce pesticide use and improve the
sustainability of crop yields (FAO, 2020).

Andragogical science and technology education for farmers

The growing complexity of modern agriculture and the rapid advancement of technology
underscore the critical need for science and technology education tailored to farmers. Traditional
educational approaches, often rooted in pedagogy, fail to address the specific learning needs of
adult farmers, who require practical, context-specific knowledge that directly applies to their day-
to-day challenges. Andragogy, the practice of adult education, provides a valuable framework for
empowering farmers to adapt to and benefit from scientific and technological innovations.

Andragogical principles emphasize experiential and problem-solving approaches,
making them particularly effective for farmers who rely on hands-on learning and contextual
understanding. Knowles et al. (2014) highlighted that adult learners bring a wealth of prior
experience and knowledge to the learning process, which can be leveraged to make science and
technology concepts more relatable and actionable. For example, practical demonstrations and
participatory workshops allow farmers to connect theoretical knowledge with real-world
applications, fostering engagement and retention (Merriam & Bierema, 2020).

Many farmers, particularly in rural areas, face barriers such as low levels of formal
education and limited access to resources. These barriers impede their adoption of modern
farming techniques and technologies (Campuzano et al., 2023). Andragogical education
addresses these gaps by designing learning programs that prioritize simplicity, relevance, and
hands-on practice. This approach ensures that even farmers with limited educational
backgrounds can acquire the skills needed to use technologies such as precision farming tools,
which are critical for improving productivity and sustainability (Getahun et al., 2024).

The adoption of agricultural technologies like GPS, drones, and automated irrigation is
often limited by farmers’ lack of confidence and understanding. Andragogical science education
supports a gradual learning, aligning with Rogers’ Diffusion of Innovation Theory (Rogers et
al., 2014). This approach builds farmers’ capacity by starting with simple tools and progressing
to advanced systems, addressing immediate needs while fostering long-term adaptation.

Agricultural systems are increasingly vulnerable to climate change, market volatility, and
resource depletion. Science and technology education rooted in andragogy equips farmers with
the knowledge and skills to implement sustainable practices that enhance resilience. Programs that
incorporate adaptive learning frameworks enable farmers to respond effectively to environmental
and economic changes, thereby ensuring the sustainability of their livelihoods (Silici et al., 2021).
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Andragogical education fosters social inclusion by engaging diverse groups within
farming communities, including women and marginalized populations. FAO (2020) emphasized
the need for gender-sensitive educational programs that provide equitable access to resources
and opportunities. By prioritizing collaborative learning and community-driven approaches,
andragogical science education empowers individual farmers and strengthens collective
capacity for agricultural innovation.

Applying andragogical principles to science and technology education for farmers is a
transformative approach that bridges the gap between traditional farming practices and modern
agricultural innovations. By focusing on practical, learner-centered methods, andragogical
education empowers farmers to adopt technologies, improve productivity, and build resilience
in the face of evolving challenges.

3. Methodology
3.1. Research design

The study utilized a descriptive-evaluative research design, which allowed for the
systematic collection, description, and evaluation of data related to the demographic
characteristics of farmers, their willingness to adopt precision farming, and their insights into
precision farming practices. This design was appropriate for understanding and assessing
farmers’ readiness for technological adoption in agriculture.

3.2. Research instrument

The research instrument utilized in this study was a publicly available questionnaire
titled Farmers” Willingness About Precision Farming, sourced from Startquestion (n.d.) and
adapted from an existing validated instrument developed by Dixon et al. (2021). This instrument
consisted of close-ended items designed to measure various aspects of precision farming
adoption quantitatively. The questionnaire was structured into four main sections, each targeting
a specific area relevant to the study.

The first section, Profile of the Farmer-Respondents, gathered demographic and
farming-related information, including age, sex, educational background, years of experience in
farming, farming system, farm size, and whether they use technology in agriculture. These
variables provided a statistical profile of the respondents, offering insights into their experience,
farm structure, and exposure to agricultural technologies. Understanding these characteristics is
essential for assessing readiness for precision farming adoption.

The second section, Primary Crops Grown by Farmer-Respondents, asked respondents
which crops they primarily grow on their farms. This section aimed to determine agricultural trends,
crop diversification, and prioritization among farmers. The collected data served as a baseline for
evaluating the applicability of precision farming technologies to the current farming landscape.

The third section, Farmer-Respondents’ Willingness About Precision Farming, assessed
familiarity with precision farming techniques, current engagement in precision farming, and
motivations for adoption. Respondents were asked whether they were familiar with precision
farming technologies, were currently practicing precision farming, and their main reasons for
adopting precision techniques, such as increased crop yield, reduced environmental impact, or
improved farm management. Additional items assessed their familiarity with the potential
benefits of precision farming, their willingness to adopt precision farming techniques on a scale
of 1 to 5, and whether they believed precision farming could reduce the use of agrochemicals.
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This section also examined concerns about data privacy and security risks, participation in
precision farming workshops or training programs, perceptions of precision farming’s
contribution to sustainable agriculture, interest in joining a local precision farming network,
satisfaction with current technology support, and beliefs regarding precision farming’s role in
mitigating climate change.

The fourth section, Farmer-Respondents’ Ranked Insights on Precision Farming
Practices, explored farmers’ knowledge, decision-making factors, and challenges related to
precision farming adoption. Respondents were asked which precision farming technologies they
had heard of, including GPS-based crop monitoring, automated irrigation systems, robotics, and
drone applications. They also ranked factors influencing their decision to adopt precision
farming, such as cost-effectiveness, access to technical support, government incentives, and
recommendations from fellow farmers. To understand barriers to adoption, respondents
identified challenges they foresaw in implementing precision farming, including high initial
investment costs, lack of knowledge and training, and the complexity of integrating multiple
technologies. The section also asked about the types of farm-related data they would be willing
to share with precision farming service providers, such as crop yield data, soil health data, or
weather data, and their preferred sources of information when considering the adoption of
precision farming practices, such as government agricultural websites, research publications, or
farmer communities.

The questionnaire was adopted without modifications, and while it has been previously
validated, this study did not conduct additional reliability and validity tests. However,
Cronbach’s Alpha values were estimated to assess internal consistency, and the results indicate
that the overall reliability of the questionnaire is 0.82, reflecting good internal consistency. The
subscales measuring willingness to adopt precision farming, perceived barriers, and ranked
insights on precision farming practices have Cronbach’s Alpha values of 0.78, 0.80, and 0.79,
respectively, confirming that the instrument demonstrates acceptable reliability in measuring
precision farming adoption factors. The Profile and primary crops sections do not require a
reliability measure as they consist of factual data. These values suggest the instrument is
statistically reliable, ensuring consistent responses across different sections. However, future
research should still conduct further psychometric testing, including factor analysis and
construct validity assessments, to enhance the instrument’s applicability in other farming
communities and confirm its strength in varied agricultural contexts.

3.3. Data gathering procedure/sampling procedure

The data collection process was facilitated by trained research center staff. A formal
letter requesting permission to conduct the study was sent to the municipal mayor, who then
communicated with the barangay captains of Marupangdan and Astorga. During the orientation
meetings in the barangays, the trained staff explained the study’s objectives and ensured the
respondents’ voluntary participation. Initially, in English, the research staff translated the
questionnaire into the local dialect to ensure respondents fully understood the questions. The
respondents, totaling 41 farmers (19 from Marupangdan and 22 from Astorga), completed the
questionnaire under the supervision of the research team.

While the sample offers valuable insights, its small size limits the generalizability of
findings to the broader rural farming population. The relatively small sample may affect the
reliability of trends observed in precision farming adoption, underscoring the need for caution
when interpreting the results. A larger, more diverse sample across multiple municipalities and
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provinces would provide a more representative assessment of precision farming adoption.
Future research should consider randomized sampling to capture variations in farming systems,
economic conditions, and technological access, leading to more conclusive and informed
recommendations for policymakers and stakeholders.

3.4. Data analysis

The data analysis employed descriptive statistics to examine the three key components
of the study. For the demographic Profile, frequencies, percentages, means, and standard
deviations were calculated to summarize the respondents’ characteristics, including age, gender,
educational attainment, years of farming experience, farm size, and farming systems. These
statistical measures provided a comprehensive understanding of the respondents’ backgrounds
and their agricultural practices.

To analyze farmers’ willingness about precision farming, frequencies and percentages
were used to evaluate responses related to their familiarity with precision farming technologies,
current farming practices, and desire to adopt precision methods. Trends and patterns were
identified to assess the respondents’ readiness and interest in incorporating precision farming
technologies, offering a comparative analysis between the two barangays.

Insights on precision farming practices were analyzed to gauge respondents’ familiarity
with specific technologies, factors influencing their decisions to adopt precision farming, and
perceived barriers. A ranking analysis was performed to prioritize the challenges and
motivational factors indicated by the respondents. These findings were interpreted to derive
actionable insights and recommendations for fostering the adoption of precision farming among
smallholder farmers.

3.5. Ethical considerations

The study adhered to ethical research standards to ensure the integrity of data collection
and the respect for respondents’ rights and well-being. Respondents were fully informed about
the purpose and scope of the study, and their consent was obtained before participation.
Confidentiality was strictly maintained by anonymizing all responses to protect individual
identities. Participation was entirely voluntary, and respondents were free to withdraw from the
study at any time without any consequences or repercussions.

The questionnaire was translated into the local dialect by trained research staff to ensure
inclusivity and accuracy in responses. This step facilitated complete comprehension of the
questions and gave respondents accurate answers. Furthermore, the study protocol was
submitted to the institution’s ethics review board, and ethical clearance was received before the
commencement of the data collection process. These measures ensured the study was conducted
consistently with moral principles and standards.

4. Results and discussion

The study results must be clear and concise. Use an appendix or additional
documentation if needed.

4.1. Result
4.1.1. Profile of the farmer-respondents

The farmer-respondents ranged in age from 24 to 77 years, with a mean age of 51.12
years (SD: 12.95). The majority, 31.71%, were within the 54 - 63 age group, reflecting an aging
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farming population. Women accounted for 58.54% of the respondents, emphasizing their
significant agricultural involvement. Educational attainment was generally low, with 78.05%
having completed only elementary education. Farm sizes were predominantly small, with
90.24% operating farms between 0.01 and 2.00 hectares. Years of farming experience ranged
from 2 to 50 years, with an average of 20.56 years (SD: 12.81). Most respondents (63.41%)
practiced crop-only farming, with minimal diversification into livestock or poultry. Alarmingly,
100% of the respondents reported not using any farming technology, underscoring a critical gap
in agricultural modernization (see Table 1).

Table 1
Profile of the Farmer-Respondents (n = 41)

Frequency
Category Item %
(n=41)
Age (in years) 24 -33 5 12.20
[Highest Value = 77; 34 -43 6 14.63
Lowest Value =24 44 - 53 10 2439
Range = 53
. 54-63 13 31.71
Interval width = 10; Interval = 6
Mean: 51.12 years old 64-73 > 12.20
S.D. 12.95 years] 74 - 83 2 4.88
Male 17 41.46
Sex
Female 24 58.54
Elementary Graduate 32 78.05
Educational Background
High School Level 9 21.95
Years of Experience in Farming 02-11 10 24.39
[Highest Value = 50; 12 -21 16 39.02
Lowest Value = 2 2 .31 8 1951
Range = 48
32-41 4 9.76
Interval width = 10; Interval = 5;
Mean: 20.56 years 42 -51 3 730
S.D. 12.81 years]
Crops only 26 63.41
Crops and Fruits 2 4.88
Crops and Vegetables 1 2.44
Farming System Crops and Livestock 8 19.51
Crops and Poultry 1 2.44
Poultry and Livestock 1 2.44

Crops, Livestock, Poultry 2 4.88
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Frequency
Category Item %
m=41)
F i i . - 2.
a@ Size (in hectares) 0.01 2.00 37 9024
[Highest Value = 6,
Lowest Value = 0.01 2.01 -4.00 3 7.32
Range = 5.99
Interval width = 2 Interval = 3
Mean: 1.04 4.01 - 6.00 1 2.44
S.D. 1.16]
Yes - -

Do you use Technology in Farming?
Y &Y 8 No 41 100.00

Source. Data analysis results of the research

As shown in Table 2, the primary crops grown by farmer-respondents reflect the
diversity and prioritization of agricultural production in the study area. Sweetpotato emerged as
the most cultivated crop, selected by 36 respondents, emphasizing its importance as a staple
crop with high adaptability and economic potential (Tedesco et al., 2023). Other vegetables
ranked second, followed by corn, indicating a focus on versatile and marketable crops
(Baranowska, 2023). Squash and cassava were equally ranked at 4.5, suggesting their role as
complementary or rotational crops, while fruits ranked sixth, pointing to limited diversification
into perennial or high-value options (Longchamps et al., 2022).

Table 2
Primary Crops Grown by Farmer-Respondents

Frequency of respondents

Category Ttem selecting the item (n =41) Rank
Corn 29 3
String Beans 10 7
Sweetpotato 36 1
Which crops do you primarily Rice 2 8
grow on your farm?
Squash 24 4.5
Other Vegetables 31
Fruits 22
Other Crop: Cassava 24 4.5

Source. Data analysis results of the research
4.1.2. Farmer-respondents’ willingness about precision farming

The assessment of farmer-respondents (Table 3) highlighted a disparity between general
familiarity and in-depth understanding of precision farming. While 60.98% of respondents
reported familiarity with precision farming techniques, only 7.32% were very familiar with its
benefits, indicating that awareness does not necessarily translate into a deeper understanding of
its practical applications, efficiency, and long-term impact. This suggests that many farmers
recognize the term but lack exposure to hands-on experiences or training that could help them
fully grasp its advantages.
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Farmers’ primary motivation for adopting precision farming was increased crop yield
(85.35%), while only 2.44% recognized its environmental benefits. This indicates a strong
preference for short-term economic gains over sustainability, possibly due to limited access to
conservation-focused training or the perception that eco-friendly practices are costly or
complex. Additionally, 46.34% were unsure whether precision farming could reduce
agrochemical use, reflecting a knowledge gap on its role in resource efficiency and
environmental protection. Integrating sustainability education into precision farming programs
could help farmers understand how optimizing inputs like fertilizers and water increases
productivity, benefits soil health, and reduces environmental impact.

Despite 41.46% expressing high willingness to adopt precision farming, concerns about
data privacy (39.02% very concerned, 56.10% somewhat concerned) and limited access to
technology support (only 14.63% were delighted) remain barriers. These findings suggest that
while farmers see economic potential in precision farming, uncertainties around digital security,
infrastructure, and ongoing technical assistance could slow adoption. Bridging knowledge gaps,
improving access to precision farming tools, and addressing misconceptions about sustainability
will ensure increased adoption and long-term benefits for farmers.

Table 3

Farmer-Respondents’ Willingness About Precision Farming

F
Category Item ;:q:;lll)cy %
Are you familiar with precision farming Yes 25 60.98
techniques?

No 16 39.02
Are you currently practicing precision Yes 22 53.66
farming on your farm? No 19 46.34
Increased Crop Yield 35 85.35

What is the main reason for your interest Reduced Environmental Impact 1 2.44
in precision farming? Improved Farm Management 4 9.76
Other reason: To improve income 1 2.44

Very Familiar 3 7.32

How familiar are you with the potential Moderately Familiar 16 39.02
benefits of precision farming? Slightly Familiar 21 51.22
Not Familiar at All 1 2.44

How would you rate your willingness to I (No Willing A_t ?ll) 2 4.88
adopt precision farming techniques on a 3 (Moderately Willing) 10 24.39
scale of 1 to 5? (1 being not willing at 4 (Very Willing) 12 2927
all, 5 being highly willing) 5 (Highly Willing) 17 4146
‘ . ‘ Yes 20 48.78

Do you think precision farming can help No ’ 4.8

in reducing the use of agrochemicals?
Not Sure 19 46.34
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F
Category Item 1("e1q=u:111)cy %

Are you concerned about the potential Yes, Very Concerned 16 39.02
data privacy and security risks associated Somewhat Concerned 23 56.10
with precision farming technologies? Not Concerned ) 4.88
Have you attended any precision farming Yes 22 53.66
workshops or training programs in the

9 No 19 46.34
past?
Do you believe precision farming can Yes 37 90.24
contribute to sustainable agriculture
practices? Not Sure 4 9.76
Would you like to participate in a local Yes 40 97.56
precision farming community or network? Maybe 1 .44
How satisfied are you with the current Very Satisfied 6 14.63
technology support available for Satisfied 18 43.90
precision farming? Neutral 17 41.46
Do you think precision farming can help Yes 20 48.78
mitigate the effects of climate change on No 2 4.88
agriculture? Not Sure 19 4634

Source. Data analysis results of the research
4.1.3. Farmer-respondents ranked insights on precision farming practices

The data from Table 4 highlights critical insights into farmer-respondents’ knowledge,
preferences, and challenges regarding precision farming practices. Robotics emerged as the
most familiar technology, with 20 respondents indicating awareness. At the same time, tools
like GPS-based crop monitoring and sensor-based nutrient management were less known, and
drone applications were the least familiar.

Table 4

Farmer-Respondents’ Ranked Insights on Precision Farming Practices

Frequency of

respondents
Category Item selecting the item Rank
(n=41)
GPS-based crop monitoring 3 4.5
Automated irrigation systems 12 2
Which of the following precision Variable rate technology 4
farming technologies have you heard Drone applications 1 6
of? .
Sensor-based nutrient 3 45

management
Robotics 20 1
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Frequency of
respondents

Category Item selecting the item Rank
(n=41)
Cost-Effectiveness 27 2
Availability of Advanced
g 19 4
Equipment
What are the factors influencing Access to Technical Support 20 3
your decision to adopt precision i
farming? Awareness of Success Stories 8 5
Government Incentives 30 1
Fellow Farmers’ 3 6
Recommendations
High Initial Investment 32 2
Lack of Knowledge
.. 39 1
and Training
. Complexity of Integrating
What challgnges dq you foresee in Multiple Technologies 18 4
implementing precision farming on o o
your farm? Limited Availability of 18 4
Reliable Data
Resistance to Change 15 6
Unce;rtam return on 18 4
mvestment
Crop yield data 41 1
What data would you be willing to Soil Health data 17 3
share with precision farming service Weather data 11 5
providers? Field history data 10 6
Pest and disease data 16 4
Farm management data 24 2
Agricultural
. 15 3
magazines/journals
Online articles and blogs 3 7
Government agricultural 36 1
What sources of information do you websites
rely on when const dering t.he Research publications 14 4
adoption of precision farming
practices? Farmer communities and
34 2
forums
Extension services 14 4
Recommendations from 14 4

agronomists/consultants

Source. Data analysis results of the research
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This suggests that while farmers are somewhat exposed to automation, awareness of
more advanced precision tools remains limited. Government incentives ranked the most
influential factor in adopting precision farming, followed closely by cost-effectiveness. These
findings underscore the pivotal role of institutional support and financial viability in
encouraging farmers to embrace new technologies. Conversely, recommendations from fellow
farmers had minimal impact, suggesting a preference for policy-driven and economic motivators
over peer influence.

Among the challenges, the lack of knowledge and training was the most significant
barrier, cited by 39 respondents, followed by high initial investment. Challenges related to
integrating multiple technologies, limited reliable data, and uncertain returns on investment
were equally ranked, indicating that while farmers are open to innovation, these systemic
barriers must be addressed. Interestingly, resistance to change was the least concerning
challenge, reflecting a willingness to adapt when adequate support is provided. Regarding data-
sharing preferences, crop yield data was the most frequently shared, reflecting its relevance to
farming outcomes. In contrast, field history data ranked lowest, possibly due to privacy concerns
or perceived irrelevance. Government agricultural websites and farmer communities were the
most relied upon sources of information, highlighting the importance of trusted institutional and
peer-supported platforms. At the same time, online articles and blogs were the least utilized.

4.2. Discussion

The results presented in Table 1 reveal key challenges and opportunities within the
farming sector. The aging demographic suggests potential resistance to adopting new methods,
emphasizing the need for carefully designed and tailored approaches to facilitate change (John
et al., 2023). Additionally, the low levels of education among farmers highlight the necessity of
developing accessible and practical training programs to enhance their skills and confidence.
This aligns with Cruz’s (2020) findings, which emphasize the importance of higher agricultural
education in fostering sustainable agricultural development.

The limited adoption of technology remains a significant challenge, necessitating phased
interventions. Rogers’ Diffusion of Innovation Theory (2003), as cited in Rogers et al. (2014),
suggests that introducing innovations gradually, starting with simple, low-cost technologies,
improves adoption rates among resource-constrained populations. For instance, foundational
technologies such as manual or semi-automated tools for irrigation, pest control, and soil
analysis have proven effective in smallholder farming systems (Lowe, 2023). Ensuring these
interventions are suitable for smallholder farmers is critical in fostering gradual acceptance and
sustained use of technology (International Fund for Agricultural Development [IFAD], 2021).

A step-by-step introduction of simple technologies before progressing to more advanced
innovations ensures that interventions remain contextually appropriate and accessible to farmers
with varying educational backgrounds and experiences. This gradual approach builds
confidence and familiarity with modern farming methods, facilitating the eventual transition to
more complex systems. Encouraging diversification through integrated farming systems,
supported by customized training and scalable technologies, further enhances productivity,
resilience, and sustainability. Such measures are essential to modernizing the agricultural sector
while ensuring inclusivity and adaptability to local conditions.

The findings in Table 2 highlight the predominance of staple crops in current farming
systems, emphasizing the critical role of sweetpotato in securing food supply and ensuring
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economic stability for smallholder farmers. To further improve agricultural productivity,
targeted interventions that promote crop diversification and integrated farming systems are
crucial. Providing farmers with training in crop management, market access strategies, and post-
harvest processing techniques can maximize production value and encourage the cultivation of
high-value crops, leading to increased sustainability and income potential.

The results (Tables 1 and 2) show the need for targeted educational interventions that
address an aging farming population with low educational attainment. Training should
emphasize practical, hands-on approaches to enhance technology adoption and farm
productivity. Gender-responsive programs can further improve women’s access to resources and
support crop diversification for better market opportunities.

Similarly, insights from Table 3 illustrate both the potential and challenges of precision
farming adoption. While many farmers acknowledge the productivity benefits of precision
farming, significant gaps in awareness, education, and technological support persist. The low
familiarity with environmental impacts (2.44%) and the limited understanding of its benefits
(7.32%) underscore the urgent need for science-based communication strategies to bridge these
gaps. Gunn et al. (2022) suggest that tailored interventions, such as educational campaigns and
practical demonstrations, are crucial for building trust and knowledge among farmers.
Implementing simple, low-cost technologies can provide an accessible entry point, fostering
broader adoption over time.

Advancing precision farming requires targeted initiatives to address knowledge gaps and
raise awareness about both productivity and environmental benefits (Karunathilake et al., 2023).
Communication strategies should focus on dispelling uncertainties regarding agrochemical
reduction and demonstrating real-world success stories (Bouma et al., 2021). Establishing secure
and transparent data systems is crucial to overcoming data privacy concerns. Improving
satisfaction with technological support also demands accessible and reliable tools and services.
Encouraging participation in local farming networks, where 97.56% of respondents expressed
interest, presents an opportunity to foster collaboration and shared learning, paving the way for
scalable and sustainable adoption of precision farming technologies.

The findings (Table 3) highlight the need for practical training to deepen farmers’
understanding of precision farming. Experiential learning should demonstrate its economic
benefits and efficiency while addressing concerns about data security, sustainability, and
technology access to ensure long-term adoption.

Finally, the findings in Table 4 highlight the need for targeted educational programs to
raise awareness and provide practical training in advanced precision technologies.
Strengthening government policies, offering financial support, and improving access to reliable
data and technical resources are key to overcoming barriers to adoption. Addressing gaps in
technical knowledge, cost concerns, and data accessibility through targeted learning initiatives
can drive adoption. Strengthening institutional support and expanding access to training will be
key to sustainable implementation.

5. Conclusions & recommendations

The findings highlight the urgent need for tailored Andragogical Science and
Technology Education programs to bridge gaps in knowledge, resources, and technology
adoption among smallholder farmers. Given the aging and predominantly undereducated
farming population, accessible, practical, and community-based education interventions are
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necessary for effective learning and technology adoption. Despite moderate familiarity, the
strong willingness to adopt precision farming presents an opportunity to introduce phased,
scalable, and low-cost technological solutions such as mobile apps, community-shared
equipment, and localized advisory services to lower financial and technical barriers.

To address key barriers to adoption, such as lack of knowledge and high costs, it is
essential to integrate educational initiatives with concrete policy support, including subsidies
for training, public-private partnerships for technology access, and extension programs tailored
to smallholder farmers. Leveraging farmers’ willingness to participate in collaborative learning
networks, Andragogical programs can promote peer-driven knowledge exchange, ensuring a
smoother transition to modern agricultural practices while enhancing productivity, climate
resilience, and livelihood sustainability in Marupangdan and Astorga.

These conclusions offer actionable insights for policymakers, educators, and
development practitioners in designing evidence-based, inclusive science and technology
education programs for rural communities. Future research should explore longitudinal studies
on the sustained impact of technology adoption and comparative analyses with regions that have
successfully implemented andragogical education programs, providing a stronger foundation for
adaptive policy frameworks and technological interventions.

SCIENTIFIC CONTRIBUTION

The manuscript clearly identifies a research gap; the manuscript extends or refines
existing theories; the manuscript proposes a new theoretical or analytical model; the manuscript
introduces or improves research methods; the manuscript provides new datasets or empirical
evidence; the manuscript presents statistically and practically significant findings; the
manuscript offers policy/managerial/technological implications; the manuscript opens new
directions for further research.

AUTHOR CONTRIBUTIONS

CRediT: Marife Matic Mustacisa-Lacaba: Conceptualization, Methodology,
Software, Validation, Formal Analysis, Investigation, Resources, Data Curation, Writing -
Original Draft, Writing - Review & Editing, Visualization, Supervision, Project Administration,
Funding Acquisition.
FUNDING

This research was funded by Samar State University under Internal Operating Budget
2024.
NO CONFLICT OF INTEREST STATEMENT

All authors declare that they have no conflict of interest.

References

Aryal, J. P., Sapkota, T. B., Khurana, R., Khatri-Chhetri, A., Rahut, D. B., & Jat, M. L. (2020).
Climate change and agriculture in South Asia: Adaptation options in smallholder
production systems. Environment, Development and Sustainability, 22(6), 5045-5075.
https://doi.org/10.1007/s10668-019-00414-4


https://doi.org/10.1007/s10668-019-00414-4

50 Marife Matic Mustacisa-Lacaba. HCMCOUJS-Social Sciences, 16(7), 34-52

Asian Society of Teachers for Research. (2018). Training-workshop on the andragogical
approach in the teaching of research. https://www.aseanresearch.org/astr/training-
workshop-on-the-andragogical-approach-in-the-teaching-of-research

Athuman, J. J. (2023). Fostering sustainable agriculture through integrated agricultural science
education: General overview and lessons from studies. Research and Reviews in
Agriculture Science, 1(1).

Baranowska, A. (2023). The nutritional value and health benefits of sweet corn kernels (Zea
mays ssp. saccharata). Health Problems of Civilization, 17(4), 408-416.
https://doi.org/10.5114/hpc.2023.133364

Beltran, M., & Win, T. L. (2023). Filipino farmers’ profits disappear, and hunger looms. The
New Humanitarian. https://www.thenewhumanitarian.org/analysis/2023/07/27/Filipino-
farmers-profits-hunger-looms

Bouma, J., Pinto-Correia, T., & Veerman, C. (2021). Assessing the role of soils when developing
sustainable agricultural production systems focused on achieving the UN-SDGs and the EU
Green Deal. Soil Systems, 5(3), Article 56. https://doi.org/10.3390/so0ilsystems5030056

Campuzano, L. R., Hincapi¢ Llanos, G. A., Sossa, J. W. Z., Mendoza, G. L. O., Palacio, J. C.,
& Herrera, M. (2023). Barriers to the adoption of innovations for sustainable development
in the agricultural sector-Systematic Literature Review (SLR). Sustainability, 15(5),
Article 4374. https://doi.org/10.3390/sul 5054374

Cruz, R. O. D. (2020). Perceptions of higher agricultural education toward sustainable
agricultural development. Higher Education, Skills and Work-Based Learning, 10(1),
187-202. https://doi.org/10.1108/HESWBL-06-2019-0080

Da Silveira, F., Da Silva, S. L. C., Machado, F. M., Barbedo, J. G. A., & Amaral, F. G. (2023).
Farmers’ perception of the barriers that hinder the implementation of agriculture 4.0.
Agricultural Systems, 208(1), Article 103656. https://doi.org/10.1016/j.agsy.2023.103656

Dixon, R. A, Eitel, K., Cohn, T., Carter, M., & Seven, K. (2021). Identifying essential fisheries
competencies to link to school curriculum: Supporting Nez Perce students’ STEM
identity. Journal of Research in Technical Careers, 5(1), 71-72.

Fadeyi, O. A., Ariyawardana, A., & Aziz, A. A. (2022). Factors influencing technology adoption
among smallholder farmers: A systematic review in Africa. Journal of Agriculture and
Rural Development in the Tropics and Subtropics, 123(1), 45-59.

Food and Agriculture Organization (FAQO). (2020). The state of food and agriculture: Women'’s
role in agricultural labor force. https://www.fao.org/4/i2050e/i2050e.pdf

Gauci, C. B. (2021). 4 study of the implementation of IloT technologies in agriculture.
https://www.researchgate.net/profile/Christian-Bernard Gauci/publication/361639615 A
Study of the Implementation of IoT technologies in Agriculture/links/62bd89e¢91a496
037c¢7d00fc3/A-Study-of-the-Implementation-of-loT-technologies-in-Agriculture.pdf

Getahun, S., Kefale, H., & Gelaye, Y. (2024). Application of precision agriculture technologies
for sustainable crop production and environmental sustainability: A systematic review.
The Scientific World Journal, 2024(1), Article 2126734.
https://doi.org/10.1155/2024/2126734


https://doi.org/10.5114/hpc.2023.133364
https://www.thenewhumanitarian.org/analysis/2023/07/27/Filipino-farmers-profits-hunger-looms
https://www.thenewhumanitarian.org/analysis/2023/07/27/Filipino-farmers-profits-hunger-looms
https://doi.org/10.3390/soilsystems5030056
https://doi.org/10.3390/su15054374
https://doi.org/10.1108/HESWBL-06-2019-0080
https://doi.org/10.1016/j.agsy.2023.103656
https://www.fao.org/4/i2050e/i2050e.pdf
https://www.researchgate.net/profile/Christian-Bernard
https://doi.org/10.1155/2024/2126734

Marife Matic Mustacisa-Lacaba. HCMCOUJS-Social Sciences, 16(7), 34-52 51

Guebsi, R., Mami, S., & Chokmani, K. (2024). Drones in precision agriculture: A
comprehensive review of applications, technologies, and challenges. Drones, 8(11),
Article 686. https://doi.org/10.3390/drones8110686

Gunn, K. M., Skaczkowski, G., Dollman, J., Vincent, A. D., Short, C. E., Brumby, S., &
Turnbull, D. (2022). Combining farmers’ preferences with evidence-based strategies to
prevent and lower farmers’ distress: Co-design and acceptability testing of ifarmwell.
Journal of Medical Internet Research Human Factors, 9(1), Article e27631.
https://doi.org/10.2196/27631

International Fund for Agricultural Development (IFAD). (2021). Rural development report 2021 :
Transforming food systems for rural prosperity. https://www.ifad.org/en/rural-
development-report/

International Rice Research Institute. (2025). IRRI and smart agriculture technology leader
XAG collaborate to promote digital agriculture and precision farming in the Philippines.
https://www.irri.org/news-and-events/news/irri-and-smart-agriculture-technology-
leader-xag-collaborate-promote-digital

John, D., Hussin, N., Shahibi, M. S., Ahmad, M., Hashim, H., & Ametefe, D. S. (2023). A
systematic review on the factors governing precision agriculture adoption among small-
scale farmers. Outlook on Agriculture, 52(4), 469-485.
https://doi.org/10.1177/00307270231205640

Karunathilake, E. M. B. M., Le, A. T., Heo, S., Chung, Y. S., & Mansoor, S. (2023). The path
to smart farming: Innovations and opportunities in precision agriculture. Agriculture,
13(8), Article 1593. https://doi.org/10.3390/agriculture13081593

Knowles, M. S., Holton, E. F., & Swanson, R. A. (2014). The adult learner: The definitive
classic in adult education and human resource development. Routledge.

Le, S. T. H., Chou, P., Dacuyan, F. B., Nyberg, Y., & Wetterlind, J. (2024). Barriers and enablers
of digital extension services’ adoption among smallholder farmers: The case of Cambodia,
the Philippines, and Vietnam. International Journal of Agricultural Sustainability, 22(1),
Article 2368351. https://doi.org/10.1080/14735903.2024.2368351

Liu, J., Fang, Y., Wang, G., Liu, B., & Wang, R. (2023). The aging of farmers and its challenges
for labor-intensive agriculture in China: A perspective on farmland transfer plans for
farmers’ retirement. Journal of Rural Studies, 100(1), Article 103013.
https://doi.org/10.1016/j.jrurstud.2023.103013

Longchamps, L., Tisseyre, B., Taylor, J., Sagoo, L., Momin, A., Fountas, S., & Khosla, R.
(2022). Yield sensing technologies for perennial and annual horticultural crops: A review.
Precision Agriculture, 23(6), 2407-2448. https://doi.org/10.1007/s11119-022-09906-2

Lowe, R. A. (2023). The impact of semi-automated tools and machines on the attraction and retention
of the New Zealand fruit industry workforce [Doctoral dissertation]. The University of Waikato.

Mendoza, M. A., Alfonso, M. R., & Lhuillery, S. (2021). A battle of drones: Utilizing legitimacy
strategies for the transfer and diffusion of dual-use technologies. Technological
Forecasting and Social Change, 166(1), Article 120539.
https://doi.org/10.1016/j.techfore.2020.120539

Merriam, S. B., & Bierema, L. L. (2020). Adult learning: Linking theory and practice. Wiley.


https://doi.org/10.3390/drones8110686
https://doi.org/10.2196/27631
https://www.ifad.org/en/rural-development-report/
https://www.ifad.org/en/rural-development-report/
https://www.irri.org/news-and-events/news/irri-and-smart-agriculture-technology-leader-xag-collaborate-promote-digital
https://www.irri.org/news-and-events/news/irri-and-smart-agriculture-technology-leader-xag-collaborate-promote-digital
https://doi.org/10.1177/00307270231205640
https://doi.org/10.3390/agriculture13081593
https://doi.org/10.1080/14735903.2024.2368351
https://doi.org/10.1016/j.jrurstud.2023.103013
https://doi.org/10.1007/s11119-022-09906-2
https://doi.org/10.1016/j.techfore.2020.120539

52 Marife Matic Mustacisa-Lacaba. HCMCOUJS-Social Sciences, 16(7), 34-52

Nguyen, T. T., Vo, H. T. X., & Ho, Q. B. (2023). Adoption of precision agriculture among
smallholder rice farmers: Lessons from Vietnam. Journal of Agricultural Science, 161(1),
123-134. https://doi.org/10.1177/0193841X2312007

PhilAtlas. (2022). Marupangdan, daram, samar profile. https://www.philatlas.com/visayas/r08/
samar/daram/marupangdan.html

Rogers, E. M. (2003). Diffusion of innovations (5th ed.). Free Press.

Rogers, E. M., Singhal, A., & Quinlan, M. M. (2014). Diffusion of innovations. In An integrated
approach to communication theory and research (pp. 432-448). Routledge.

Santos, S. G. G. D. L., Pantoja, B. R., & Rafeses, F. P. (2022). Gender equality in selected
Philippine agrarian reform cooperative management: The women-members’ perspectives.
International Journal of Gender Studies in Developing Societies, 4(3), 229-246.
https://doi.org/10.1504/1JGSDS.2022.121105

Shrestha, R. B., Ali, Y., Bhandari, H., & Islam, A. (2020). Family farmers’ cooperatives: Ending
poverty and hunger in South Asia. SAARC Agriculture Center, Bangladesh; Asian
Farmers’ Association, Philippines; and National Dairy Development Board, India.

Silici, L., Rowe, A., Suppiramaniam, N., & Knox, J. W. (2021). Building adaptive capacity of
smallholder agriculture to climate change: Evidence synthesis on learning outcomes.
Environmental Research Communications, 3(12), Article 122001.
https://doi.org/10.1088/2515-7620/ac44df

Srivastav, A. L., Dhyani, R., Ranjan, M., Madhav, S., & Sillanpai, M. (2021). Climate-resilient
strategies for sustainable management of water resources and agriculture. Environmental
Science and Pollution Research, 28(31), 41576-41595. https://doi.org/10.1007/s11356-
021-14332-4

Startquestion. (n.d.). Farmers’ willingness about precision farming.
https://www.startquestion.com/survey-ideas/farmers-willingness-about-precision-farming/

Tedesco, D., de Almeida Moreira, B. R., Junior, M. R. B., Maeda, M., & da Silva, R. P. (2023).
Sustainable management of sweet potatoes: A review on practices, strategies, and
opportunities 1in nutrition-sensitive agriculture, energy security, and quality of
life. Agricultural Systems, 210, Article 103693.

Terra Drone Agri. (2024). 6 common challenges and solutions in adopting agriculture drones.
https://terra-droneagri.com/6-common-challenges-and-solutions-in-adopting-agriculture-
drones

Tran, D. N. L., Rafola, R. F., Sander, B. O., Reiner, W., Nguyen, T. D., & Nong, N. N. K.
(2020). Determinants of adoption of climate-smart agriculture technologies in rice
production in Vietnam. International Journal of Climate Change Strategies and
Management, 12(2), 238-256. https://doi.org/10.1108/IJCCSM-01-2019-0003

@00

© 2026 The Author(s). Published by Ho Chi Minh City Open University Journal of Science - Social Sciences.
This article is licensed under CC BY-NC 4.0.



https://doi.org/10.1177/0193841X2312007
https://www.philatlas.com/visayas/r08/samar/daram/marupangdan.html
https://www.philatlas.com/visayas/r08/samar/daram/marupangdan.html
https://doi.org/10.1504/IJGSDS.2022.121105
https://doi.org/10.1088/2515-7620/ac44df
https://doi.org/10.1007/s11356-021-14332-4
https://doi.org/10.1007/s11356-021-14332-4
https://www.startquestion.com/survey-ideas/farmers-willingness-about-precision-farming/
https://terra-droneagri.com/6-common-challenges-and-solutions-in-adopting-agriculture-drones
https://terra-droneagri.com/6-common-challenges-and-solutions-in-adopting-agriculture-drones
https://doi.org/10.1108/IJCCSM-01-2019-0003
https://creativecommons.org/licenses/by-nc/4.0/

