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ABSTRACT

The goal of human-computer interaction (HCI) is to design systems that minimize the
barrier between the human's cognitive model of what they want to accomplish and the
computer's understanding of the user's task. The application of HCI systems (modern,
innovative, and sustainable digital technology) in agriculture enhances precision farming
by providing data-driven decisions for sustainable agricultural production. Also, the use of
HCI systems in agriculture improves yields, reduces resource wastage, boosts farmers’
income, simplifies operations, and provides farmers with recommendations and insights
designed for specific needs or local conditions. Agriculture plays a critical role in Nigeria's
economy, employing about 70 % of the labour force and contributing approximately 25 %
to GDP. However, most Nigerian farmers depend on crude implements, reflecting that HCI
has not significantly impacted Nigeria's agricultural sector. Nonetheless, it is important to
point out that the adoption of HCI in Nigeria’s agriculture is changing, with many farmers
expressing willingness to pay for technology adoption. Therefore, this review provides
snippets of human-computer interaction from Nigeria’s agricultural sector.

Keywords: Precision Agriculture, Machine learning, Artificial Intelligence, computer
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INTRODUCTION
The emergence of personal computing in the late 1970s disruptively changed the perspective

that only humans who interacted with computers were information technology professionals
and dedicated hobbyists. Personal computing, including both personal software
(productivity applications, such as text editors and spreadsheets, and interactive computer
games) and personal computer platforms (operating systems, programming languages, and
hardware), made everyone in the world a potential computer user, and vividly highlighted
the deficiencies of computers with respect to usability for those who wanted to use
computers as tools (Andurkar & Andurkar, 2015). Human Computer Interaction (HCI) as a
research and practice emerged within the early 1980s, initially as a speciality area in
computing embracing science and human factors engineering, but has rapidly extended
steadily over 3 decades, attracting professionals from many other disciplines and
incorporating diverse concepts and approaches. Sometimes, HCl is also referred to as man—
machine interaction (MMI) or computer—human interaction (CHI). HCI is a
multidisciplinary field (e.g., engineering, psychology, ergonomics, design) that deals with
the theory, design, implementation, and evaluation of the ways that humans use and interact
with computing devices (Kim, 2015).
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HCl is the study of how people communicate with computers and to what extent computers
are developed for effective human interaction (Saini et al., 2020). Furthermore, we can
define HCI as the area of study where only the approaches, principles, and techniques are
applied to build a user-friendly interface between people and computers (Jyoti & Kaur,
2023). Therefore, HCI as a design aims to create a fit between the user, the machine, and
the necessary services in order to achieve certain performance in terms of the quality and
efficiency of the services.

The use of HCI systems in agriculture improves yields, reduces resource wastage (Adediran
et al., 2024), boosts farmers’ income, and provides farmers with specific recommendations
and insights designed for specific needs or local conditions (Asolo et al., 2024; Avasthi et
al., 2025). Some of the applications and initiatives of HCI in agriculture are crop pest and
disease detection, crop management practices (Adediran et al., 2024; Chowdhury et al.,
2025; Hillary et al., 2025; Miller et al., 2025; Patil et al., 2023); soil quality monitoring such
as soil nutrient analysis, soil microbial analysis, soil pollution, assessment of soil moisture
(Folorunso et al., 2023; Jay et al., 2021; Larson et al., 2023; Pace et al., 2025; Reza et al.,
2025); soil mapping and land use planning (Chattaraj et al., 2025; Louzada et al., 2025;
Pham, & Nguyen, 2024); mobile applications and platforms that link farmers, policymakers,
and researchers to offer digital extension tools and/or advisory services on weather patterns,
market prices, and government policies (Dissanayake & Jayasinghe, 2025; Soni et al.,
2025); livestock diet formulation (Saxena & Parasher, 2019), prediction of genetic merit,
animal welfare/health management- early warning signals for prevention and control of
highly infectious diseases, commercial dairy (De Vries et al., 2022; Oseni, 2024).

Agriculture plays a critical role in Nigeria's economy, employing about 70 % of the labour
force and contributing approximately 25 % to GDP (Adenekan et al., 2019; Oxford Business
Group, 2025). However, most Nigerian farmers (70 % of the farmers) depend on crude
implements, reflecting that modern, innovative, and sustainable digital technology (HCI)
has not significantly impacted Nigeria's agricultural sector (Onomu & Aliber, 2024;
Samaila,2025). Nonetheless, it is important to point out that the adoption of HCI in Nigeria’s
agriculture is changing, with many farmers expressing willingness to pay for technology
adoption. Therefore, this review provides snippets of human-computer interaction from
Nigeria’s agricultural sector.
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METHODOLOGY

A narrative literature review was employed in this study using Google Scholar and Scopus
search engines, as well as tools like CORE, BASE, and ResearchGate. Our search strategy
included the use of Boolean operators (AND, OR, and NOT) with keywords such as
precision agriculture, machine learning, artificial intelligence, human-computer interaction,
sustainability, Nigeria, wireless sensor networks (WSN), internet of things (IoT), deep
learning, and robotics. The authors did not limit the literature to the year of publication. The
literature reviewed was an overview of human-computer interaction, human-computer
interaction in Nigeria’s agricultural sector, and challenges with human-computer
interaction.

OVERVIEW OF HUMAN COMPUTER INTERACTION

Human-computer interaction researchers observe the ways humans interact with computers,
and they design technologies that let humans interact with computers in novel ways (Saini
et al., 2020). HCI focuses not only on enhancing the usability, reliability, and functionality
of present-day interfaces but also on the development of novel, innovative interfaces that
can be used in natural, lifelike ways (Chakraborty et al., 2018).

The most significant benefit of implementing human-computer interaction is the creation of
more user-friendly applications - computers and systems are made more responsive to the
user’s needs, resulting in a better user experience (Saini et al., 2020). More cost-effective
and reliable HCI-based systems are increasingly appearing and becoming part of our
everyday lives. The advancement in HCI has made it possible to interact with computers
using voice commands, touchscreen, eye movement, and hand gestures (Hasan & Yu, 2017).

Some of the latest developments in hardware and software for HCI in various areas include
specialized input/output devices, virtual or augmented reality, and wearable technology. The
HCI industry is evolving rapidly and is so fascinating that it has contributed to the
development of some of our most cherished creations, like virtual reality, self-driving cars,
personal digital assistants, biometric authentication, and touch screen technologies (Hasan
& Yu, 2017; Jyoti & Kaur, 2023). In the desktop computing HCI, many areas, e.g., real-
time translation of one natural language into another, object recognition from images, low-
cost virtual studio, On the other hand, for mobile computing, e.g., eye movement tracking,
hand gesture recognition, obtaining heart rate by putting a finger on the touchscreen for
some time, starting a vehicle remotely, feedback on driving behaviour, augmented reality
headset for vehicle e.g., engine maintenance, fully autonomous car, etc. (Hasan & Yu,
2017). For people with disabilities, such systems will increasingly be able to provide a full
life in the future, significantly improving their quality of life (Katona, 2021). Other
achievements in HCI include:
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e Systems based on gesture control or eye movement tracking may allow some functions
of the mouse or keyboard to be triggered or replaced (Sziladi et al., 2017).

e The use of an armband called Myo by visually impaired people can use this device as
a kind of support tool in their everyday lives (Csapo et al., 2016).

e Self-developed system for replacing computer input peripherals (keyboard and mouse)
using eye path tracking (Zsolt et al., 2012).

e Examining eye movement parameters in the context of the acquisition of IT skills
(Ujbanyi et al., 2016). The results obtained show that differences in gaze movement can be
detected in students with different levels of knowledge, from which conclusions can be
stated and related to effectiveness, success or failure of learning.

Jyoti and Kaur (2023) outlined the following as applications of HCI: multimodal systems
for people with disabilities; multimodal systems for emotion recognition; multimodal
applications based on maps; and medicine with multi-modal HCI. Gesture recognition is an
important area for development in HCI systems (Chakraborty ef al., 2018). These systems
can be broadly classified based on their number of channels as unimodal or multimodal.
Unimodal systems can be: a) vision-based (e.g., body movement tracking, facial expression
recognition, gaze detection, and gesture recognition; b) audio-based (e.g., auditory emotion
recognition, speaker recognition, and speech recognition); or c¢) other types of sensors.

Multimodal interfaces can be set up using combinations of inputs, such as gesture and
speech or facial pose and speech (Oviatt, 2007; Jiang et al., 2010). A multimodal interface
offers a promising solution by allowing users to interact with programming tools using
multiple sensory and input channels—such as speech, gestures, touch, audio, and haptic
cues. By integrating these modalities, learning becomes inclusive and adaptable to the needs
of diverse learners. A multimodal interface can be designed to facilitate programming
education for people with disabilities. It examines accessibility challenges, design
considerations, and implementation strategies for inclusive programming environments.

In augmented reality (AR) and virtual reality (VR), multimodal interaction is essential for
creating immersive environments, e.g2. VR/AR systems leverage speech, gestures, and eye-
tracking to allow users to navigate virtual spaces seamlessly and interact naturally with
digital objects (Dritsas et al., 2025). Brain-computer interfaces (BCls) are becoming integral
to future multimodal systems, which offer the potential to capture neural activity directly
from the brain, creating a new modality that allows users to control systems using thought
alone (Dritsas et al., 2025). For example, BCIs could enhance accessibility for individuals
with severe physical disabilities, allowing them to control devices or communicate through
a combination of brain signals and other multimodal inputs (Kim et al., 2021; Tang et al.,
2023; Wen et al., 2020; Won et al., 2020).
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Studies (Sargsyan, 2024; Ren et al., 2025; Ricci et al., 2025; Tzimos et al., 2025) have
explored the field of orientation and mobility training, technologies with haptic interaction
to assist individuals with visual impairments in learning how to navigate safely and
effectively using the sense of touch. Chandler et al (2022) worked on Brain Computer
Interfaces and Communication Disabilities.

SNIPPETS OF HUMAN COMPUTER INTERACTION FROM NIGERIA’S
AGRICULTURAL SECTOR

The snippets of human-computer interaction from Nigeria’s agricultural sector is presented
in Table 1. Ozor et al. (2024) used artificial intelligence and IoT technology to enhance the
production, management and marketing of crops such as the Nsukka Yellow Pepper
(Capsicum Chinense Nsukkadrilus). Similarly, Usip et al. (2022) developed a machine
learning-based mobile chatbot for crop farmers to obtain valuable answers to questions,
advice and recommendations on specific farming practices. On the other hand, Danis et al.
(2011) developed a mobile phone service that assists Nigerian Farmers on what crops to
plant, management practices for their crops, as well as the market for their produce.

James et al. (2022) implemented IoT technology in agricultural processes. Likewise, Lawal
et al. (2025) used artificial intelligence in the food processing industry to optimize
operations across the value chain - from raw material sourcing to final distribution.
Emmanuel et al. (2024) reported the use of artificial intelligence, big data, drones, and robots
to enhance productivity and profitability in animal husbandry and crop production. The
implementation of robotics, Global Position System (GPS) Technology, the Internet of
Things (IoT), Artificial Intelligence (AI), and blockchain technology in agricultural
production systems in Nigeria were suggested in the review of Olajide et al. (2025).

The study of Augustine et al. (2020) pointed out the use of drones for soil management,
aerial planting, and crop management, like irrigation, spraying, and crop health monitoring
in Nigeria. Mba et al. (2024) applied advanced machine learning and deep learning models
for the prediction of soil physico-chemical characteristics. In the livestock sector, Oseni et
al. (2025) used sensor nodes on a commercial broiler farm to monitor key health and welfare
parameters by tracking ambient factors. Also, Olaniyi et al. (2019) implemented a remote
monitoring and control system for poultry feed dispensing in a deep litter poultry farm.
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Table 1: Snippets of Human-Computer Interaction from Nigeria’s Agricultural Sector

S/N Author(s) HCI Implementation in Nigeria’s Agricultural Sector
1 Augustine et al., The use of drones for soil management, aerial planting, and crop
2020 management like irrigation, spraying, and crop health
monitoring.

2 Danis et al., 2011 A mobile phone service that assists Nigerian Farmers on what
crops to plant, management practices for their crops as well as
market for their produce.

3 Emmanuel et al., The use of artificial intelligence, big data, drones, and robots to

2024 enhance productivity and profitability in animal husbandry and
crop production.

4 James et al., 2022 IoT technology in agricultural processes

5 Lawal et al., 2025 The use of artificial intelligence in food processing industry to
optimize operations across value chain - from raw material
sourcing to final distribution.

6 Mba et al., 2024 Application of advanced machine learning and deep learning
models for prediction of soil physico-chemical characteristics.

7 Olajide et al., Robotics, Global Position System (GPS) Technology, the

2025 Internet of Things (IoT), Artificial and Intelligence (Al), and
block chain technology in agricultural production systems

8 Olaniyi et al., Remote monitoring and control system for poultry feed

2019 dispensing in a deep litter poultry farm.

9 Oseni et al., 2025 The use of sensor nodes on commercial broiler farm to monitor
key health and welfare parameters by tracking ambient factors.

10 Ozor et al., 2024 The use of artificial intelligence and IoT technology to enhance
the production, management and marketing of Nsukka Yellow
Pepper —NYP (Capsicum Chinense Nsukkadrilus). This included
collection of datasets for early disease detection, soil nutrient
monitoring, enhance water conservation through smart irrigation,
and provision of extension services to farmers.

11 Usip et al., 2022 Development of machine learning-based mobile chatbot for crop

farmers to obtain valuable answers to questions, advice and
recommendations on specific farming practices.
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CHALLENGES WITH HUMAN COMPUTER INTERACTION

The design and implementation of efficient, reliable, understandable and manageable HCI-
based systems requires understanding human behaviour, human limits, human needs, and
human cognition (Torok, 2016; Katona, 2021). The implementation HCI in Nigerian
agriculture is hindered by data quality issues, inadequate policy support, limited
infrastructure- limited access to electricity and network/ connectivity challenges (Olajide et
al., 2025; Lawal et al., 2025), economic feasibility/resource scarcity and inadequate
technical expertise (Emmanuel et al., 2024; James et al., 2022), lack of awareness, data
privacy/security concerns, ethical considerations and legal problems (Ade-Ibijola &
Okonkwo, 2023; James et al., 2022; Olagunju, 2024; Lawal et al., 2025).

Generally, Tencent (2025) outlined the following as challenges and problems of human-
computer interaction:

Understanding User Needs: One of the primary challenges is accurately understanding and
predicting user needs and behaviours. This requires extensive user research and testing.
Example: Designing a new smartphone interface might require understanding how users
currently interact with their devices and predicting how they might want to use new features.

Accessibility: Ensuring that technology is accessible to all users, including those with
disabilities, is a significant challenge. Example: Developing a website that is accessible to
visually impaired users involves using proper contrast ratios, alt text for images, and screen
reader compatibility.

Complexity: As technology becomes more advanced, it can become increasingly complex,
making it difficult for users to understand and use. Example: Setting up a home automation
system can be complex for users who are not tech-savvy.

Security and Privacy: Balancing the convenience of technology with the need to protect
user data and privacy is a constant challenge. Example: Implementing two-factor
authentication adds a layer of security but can also be seen as an inconvenience by some
users.

Interoperability: Ensuring that different systems and devices can communicate and work
together seamlessly is a challenge. Example: Integrating various smart home devices from
different manufacturers can be difficult due to differing protocols and standards.

User Experience (UX) Design: Creating an interface that is both functional and enjoyable
to use requires a deep understanding of design principles and user psychology. Example:
Designing a mobile app that is intuitive and provides a seamless user experience involves
careful planning and iteration.
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Feedback and Iteration: Gathering user feedback and continuously iterating on designs is
crucial, but can be time-consuming and resource-intensive.

On the other hand, Hasan and Yu (2017) reported that the increasing influence of HCI has
led to ethical considerations, which include:

Bias and Fairness: As Al and machine learning play a larger role in HCI, it is crucial to
ensure that Al-driven interactions are fair and unbiased.

Privacy and Confidentiality: Researchers must protect the privacy of participants, especially
when collecting personal data or using pervasive sensing technologies. This involves
transparent data practices and obtaining informed consent.

Harm and Welfare: Research must maximize benefits while minimizing potential risks of
physical, psychological, or social harm to participants, including vulnerable populations.

Transparency and Trust: For technologies like Al, researchers need to design transparent
systems and interaction models that build and maintain user trust.

CONCLUSION

This study revealed that HCI is a multidisciplinary field that deals with the theory, design,
implementation, and evaluation of the ways that humans use and interact with computing
devices. HCI aims to produce a world in which interacting with computers is easier and
richer. The snippets of human computer interaction from Nigeria’s agricultural sector show
that artificial intelligence, [oT technology are used to enhance the production, management
and marketing of crops; a machine learning-based mobile chatbot is used in Nigeria for
farmers’ crop advisory/management. Likewise, artificial intelligence is used for the food
processing industry to optimize operations across the value chain - from raw material
sourcing to final distribution. Furthermore, artificial intelligence, big data, drones, and
robots are used to enhance productivity and profitability in animal husbandry and crop
production.

Drones are currently used for soil management, aerial planting, and crop management, like
irrigation, spraying, and crop health monitoring. Machine learning and deep learning models
are used for the prediction of soil physicochemical characteristics. In the livestock sector,
sensor nodes are used in commercial broiler farms to monitor key health and welfare
parameters by tracking ambient factors. Nonetheless, the implementation of HCI in Nigerian
agriculture is hindered by data quality issues, inadequate policy support, limited
infrastructure, limited access to electricity and network/ connectivity challenges, economic
feasibility/resource scarcity and inadequate technical expertise, lack of awareness, data
privacy/security concerns, ethical considerations and legal problems.

255



Human computer interaction: snippets from Nigeria’s agricultural sector
Otene and Asuquo

REFERENCE

Adediran, E., Sakpere, W., & Ogunyinka, T. (2024). Artificial Intelligence in Nigeria:
Challenges and Opportunities. Available at SSRN 5269530.

Ade-Ibijola, A., & Okonkwo, C. (2023). Artificial Intelligence in Africa: Emerging
Challenges. In Responsible Al in Africa: Challenges and Opportunities. Cham:
Springer International Publishing. 101-117.

Adenekan, M. O., Eneh, C. U., Achugbu, I. O., & Okpeze, V. E. (2019). Reforming
Agriculture in Nigeria for Sustainable Food Security. East African Scholars
Multidiscip Bull. 2(3), 83-89.

Andurkar, A.G., and Andurkar, R.G. (2015). Human—computer interaction. International
Research Journal of Engineering and Technology (IRJET) 2(6),744- 772.

Asolo, E., Gil-Ozoudeh, 1., & Ejimuda, C. (2024). AI-Powered decision support systems for
sustainable agriculture using Al-Chatbot solution. Journal of Digital Food, Energy &
Water  Systems, 5(1).

Augustine, A. A., Idongesit, A. E., & Victor, C. A. (2020). Integrated application of drones
for soil  management and precision agriculture in Nigeria. Nigerian Journal of
Soil Science, 21-30.

Avasthi, S., Chauhan, R., & Tripathi, S. L. (2025). Artificial intelligence-powered
agriculture and sustainable practices in developing countries. In Hyperautomation in
Precision Agriculture (pp. 49-62). Academic Press.

Chattaraj, S., Daripa, A., Reza, S. K., Ghosh, B. N., Majhi, S., Mallick, D., ... & Rahman,
F.H. (2025). Soil texture and lithological discontinuity mapping for
sustainable land use planning: An application of digital soil mapping in a part of
Eastern Himalayan Foothills, India. CATENA, 258, 109253.

Chandler, J.A.; Van der Loos, K.I.; Boehnke, S.; Beaudry, J.S.; Buchman, D.Z.; Illes, J.
(2022). Brain Computer Interfaces and Communication Disabilities: Ethical, legal,

and social aspects of decoding speech from the brain. Front. Hum.
Neurosci., 16, 841035.

Chakraborty, B. K., Sarma, D., Bhuyan, M. K., & MacDorman, K. F. (2018). Review of
constraints on vision-based gesture recognition for human—computer interaction. /ET
Computer Vision, 12(1), 3-15.

Chowdhury, K., Rahman, M. A., Mallik, S. K., Chowdhury, L. N., & Nova, N. A. (2025).
Bridging the Global Digital Divide in Agriculture: The Role of Al in Equitable

Technology  Access. International Journal of Sustainable Development &
Planning, 20(6).

256



International Journal Of Agricultural Economics, Management And Development (IJAEMD) 13(2); 2025

Csapo, A.B.; Nagy, H.; Kristjansson, A.; Wersényi, G. (2016). Evaluation of Human-Myo
Gesture Control Capabilities in Continuous Search and Select Operations. /n
Proceedings of the 2016 7th IEEE International Conference on Cognitive
Infocommunications (CoginfoCom), Wroctaw, Poland, 16—18 October 2016; pp.
415-420.

Danis, C. M., Ala, A. L., Christensen, J., Ellis, J., Faskari, H. A., Kellogg, W., ... & Ugwoke,
P.O. (2011). Answers for Nigerian farmers: A mobile phone service for Nigerian
Farmers. Tech. Rep. W1112-045, IBM.

De Vries, A., Bliznyuk, N., and Pinedo P. (2022). Invited Review: Examples and
opportunities for artificial intelligence (Al) in dairy farms. Applied Animal
Science 39:14-22.

Dissanayake, O., & Jayasinghe, G. (2025). Al Tools In Agricultural and Environmental
Education: ~ Bridging Knowledge And Practice. Intelligent Education, 15.

Dritsas, E., Trigka, M., Troussas, C., & Mylonas, P. (2025). Multimodal interaction,
interfaces, and communication: a survey. Multimodal Technologies and
Interaction, 9(1), 6.

Emmanuel, G. E. G., Onu, F. M., Onu, F. M., Ikehi, M. E., & Ikehi, M. E. (2024). Emerging
Technologies in Agriculture: Youth’s Challenges and Prospects in Utilization for

Sustainable  Food Production in Kwara State, Nigeria. Vocational and Technical
Education Journal, 4(1), 17- 26.

Folorunso, O., Ojo, O., Busari, M., Adebayo, M., Joshua, A., Folorunso, D., ... & Olabanjo,
0. (2023). Exploring machine learning models for soil nutrient properties
prediction: A systematic review. Big Data and Cognitive Computing, 7(2), 113.

Hasan, M. S., & Yu, H. (2017). Innovative developments in HCI and future
trends. International Journal of Automation and Computing, 14(1), 10-20.

Hillary, A. E., Okubanjo, A. A., Lawal, N., & Olayiwola, A. A. (2025). Internet of Things
in Sustainable Agriculture Systems. AUIQ Technical Engineering Science, 2(2), 3.

James, G. G., Okpako, A. E., & Agwu, C. O. (2022). Tention to use IoT technology on
agricultural ~ processes in Nigeria based on modified UTAUT model: perspectives of
Nigerians’ farmers. Scientia Africana, 21(3), 199-214.

Jay, A., Smith, B., & Kumar, R. (2021). Integrating GNSS and IoT sensors for enhanced
precision agriculture. Journal of Agricultural Technology, 15(3), 45-59.

Jiang, R. M., Sadka, A. H., & Crookes, D. (2010). Multimodal biometric human recognition
for perceptual human—computer interaction. /[EEE Transactions on Systems, Man,
and  Cybernetics, Part C (Applications and Reviews), 40(6), 676-681.

Jyoti, and Kaur, G. (2023). Research Paper on Human Computer Interaction (HCI).
International Journal for Multidisciplinary Research (IJFMR) 5(2), 1-9.

257



International Journal Of Agricultural Economics, Management And Development (IJAEMD) 13(2); 2025

Katona, J. (2021). A review of human—computer interaction and virtual reality research
fields in cognitive InfoCommunications. Applied Sciences, 11(6), 2646.

Kim, G. J. (2015). Human-computer interaction: fundamentals and practice. CRC press.

Kim, S.; Lee, S.; Kang, H.; Kim, S.; Ahn, M. (2021). P300 brain—computer interface-based
drone control in virtual and augmented reality. Sensors, 21, 5765.0viatt, S.

(2007). Multimodal interfaces. The human-computer interaction handbook, 439-
458.

Larson, K. M., et al. (2023). Assessing Environmental Changes with GNSS Reflectometry.
GIM International, 37(4), 22-25.

Lawal, O. M., Isaac-Bamgboye, F. J., & Enujiugha, V. N. (2025). Artificial Intelligence in
Food Processing: The Nigerian Experience. Journal of Agriculture, Food Technology
and  Sustainability, 2(1), 88-94.

Louzada, R. O., Bergier, 1., Bolfe, E. L., & Barbedo, J. G. A. (2025). Integrating GIS and
remote sensing for soil attributes mapping in degraded pastures of the Brazilian
Cerrado. Soil Advances, 3, 100044.

Mba, P. C., Busoye, O. M., Ajayi, J. T., Njoku, J. N., Nwakanma, C. 1., Asem-Hiablie, S.,
... & Uyeh, D. D. (2024). Estimation of physico-chemical properties of soil
using machine learning. Smart Agricultural Technology, 9, 100679.

Miller, T., Mikiciuk, G., Durlik, I., Mikiciuk, M., L.obodzinska, A., & Snieg, M. (2025). The
IoT and AI in Agriculture: The Time Is Now—A Systematic Review of Smart
Sensing Technologies. Sensors (Basel, Switzerland), 25(12), 3583.

Olagunju, O.0. (2024). Harnessing Artificial Intelligence for Youth Engagement in
Agriculture: Lessons from Global Practices and Prospects for Nigeria.
International Journal of Advance Social ~ Sciences and  Education (IJASSE)
2(2),83-94.

Olajide, A. 1., Bamiro, O. M., Adeyonu, A. G., & Faronbi, O. A. (2024, November).
Technological innovations and Potential Adaptation Strategies for Agriculture
in developing countries; A Case  study of Nigeria. In 2024 IEEE 5th International
Conference on Electro-Computing Technologies for Humanity (NIGERCON) (pp.
1-5). IEEE.

Olaniyi, O. M., Buhari, U. U., Bala, J. A., Arulogun, O. T. and Kaa, T. (2019). Remote
monitoring and control system for poultry feed dispensing. Proceedings of IEEE
st International Conference on ~ Mechatronics, Automation and Cyber-Physical
Computer System.

Onomu, A. R., & Aliber, M. (2024). Nigeria's Agriculture and Technology Use: Current
Structure and Challenges. Path of Science, 10(11), 1001-1023.

258



International Journal Of Agricultural Economics, Management And Development (IJAEMD) 13(2); 2025

Oseni, S., Bashiru, H., Lawal, R., Ajayi, A., Akintaro, O., & Munir, K. (2024, August).
Monitoring  environmental factors for optimal health and welfare of broiler chickens

using sensor technology in  Southwest Nigeria. In International Database
Engineered Applications Symposium (pp. 377- 393). Cham: Springer Nature
Switzerland.

Oseni, S.0. (March, 2024). Digital Technologies For Enhanced Animal Production.
Improving Animal  Agriculture for Sustainable Economic Development in Nigeria.
In Proceedings of 49th Annual Conference of Nigerian Society for Animal
Production. 24th—27th March, 2024.

Oxford Business Group (2025). Agriculture From The Report: Nigeria 2024. Retrieved from
https://oxfordbusinessgroup.com/reports/nigeria/2024-report/

Ozor, N., Nwakaire, J., Nyambane, A., Muhatiah, W., & Nwobodo, C. (2024). Enhancing
Africas AFS through Responsible and Gender Inclusive Al Innovation
Lessons from AI4AFS Project.Pp27.

Pace, R., Schiano Di Cola, V., Monti, M. M., Affinito, A., Cuomo, S., Loreto, F., & Ruocco,
M. (2025).  Artificial intelligence in soil microbiome analysis: A potential

application in predicting and enhancing soil health—a review. Discover Applied
Sciences, 7(2), 85.

Patil, S., Pisal, D., Mirji, H., & Phalke, V. (2023). Al-Powered Innovations in Agriculture:
Transforming Farming Practices and Yield Optimization. JOURNAL OF
TECHNICAL EDUCATION, 46, 126 - 344.

Pham, T. H., & Nguyen, K. D. (2024).  Machine Learning and Knowledge
Extraction, 6(2), 751-769.

Ren, G., Huang, Z., Lin, W., Huang, T., Wang, G., & Lee, J. H. (2025). Enhancing Street-
Crossing Safety for Visually Impaired Pedestrians with Haptic and Visual
Feedback. Applied Sciences, 15(7), 3942.

Reza, M. N, Lee, K. H., Karim, M. R., Haque, M. A., Bicamumakuba, E., Dey, P. K., ... &
Chung, S. O. (2025). Trends of soil and solution nutrient sensing for open field and
hydroponic cultivation in facilitated smart agriculture. Sensors, 25(2), 453.

Riccei, F. S., Ukegbu, C. K., Krassner, A., Hazarika, S., White, J., Porfiri, M., & Rizzo, J. R.
(2025). Using virtual reality to enhance mobility, safety, and equity for persons
with  vision loss in urban environments. Journal of Urban Health, 1-15.

Saini, K., Saxena, S., Mukhopadhyay, A., Chattopadhyay, A. (2020). Human Computer
Interface. Alagappa University. VIKAS® Publishing House Pvt. Ltd.

Samaila, J. T. (2025). Utilization of artificial intelligence in Nigerian agriculture: Present

realities and  future prospects. Aminu Kano Academic Scholars Association
Multidisciplinary Journal, 2(2), 16-31.

259



International Journal Of Agricultural Economics, Management And Development (IJAEMD) 13(2); 2025

Sargsyan, E. (2024). Multimodal interactive interfaces for the comprehension and navigation of
complex environnements by people with visual impairments (Doctoral dissertation,
Université de Toulouse).

Saxena, P. and Parasher, Y. (2019). Application of artificial neural networks for animal diet
formulation modeling. Procedia Computer Science, 152 (2019) 261-266.

Soni, V. K., Verma, R., Verma, S., & Dewangan, V. (2025, June). AlI-Powered Mobile Applications
for Smallholder Farmers: Transforming Agricultural Productivity, Market Integration, and
Resource Optimization. In International Conference on Advances and Applications in
Artificial Intelligence  (ICAAAI 2025) (pp. 731-744). Atlantis Press.

Sziladi, G.; Ujbanyi, T.; Katona, J.; Kovari, A. (2017). The Analysis of Hand Gesture Based Cursor
Position Control during Solve an IT Related Task. In Proceedings of the 2017 8" IEEE
International Conference on Cognitive Infocommunications (CoginfoCom), Debrecen,
Hungary, 11-14 September 2017; pp. 413—418.

Tang, X.; Shen, H.; Zhao, S.; Li, N.; Liu, J (2023). Flexible brain—computer interfaces. Nat.
Electron. 6, 109-118.

Tencent (2025). What are the challenges and problems of human-computer interaction?.
Retrieved from https://www.tencentcloud.com/techpedia/106835

Torok, A. (2016). From Human-Computer Interaction to Cognitive Infocommunications: A
Cognitive Science Perspective. In Proceedings of the 2016 7th IEEE International
Conference on Cognitive Infocommunications (CoglnfoCom), Wroctaw, Poland, 16-18
October 2016; pp. 433-438.

Tzimos, N., Kyriazidis, 1., Voutsakelis, G., Kontogiannis, S., & Kokkonis, G. (2025).
Development of Navigation and Mobility Skills for People with Visual Impairment:
Interaction with 3d Tactile Pavings Textures.

Ujbanyi, T.; Katona, J.; Sziladi, G.; Kovari, A. (2016). Eye-Tracking Analysis of Computer
Networks Exam Question besides Different Skilled Groups. In Proceedings of the 2016  7th
IEEE International Conference on Cognitive Infocommunications (CoglnfoCom),
Wroctaw, Poland, 16—18 October 2016; pp. 277-282.

Usip, P. U., Udo, E. N., Asuquo, D. E., & James, O. R. (2022, September). A machine learning-
based mobile chatbot for crop farmers. In International Conference on Electronic
Governance with Emerging Technologies (pp. 192-211). Cham: Springer Nature
Switzerland.

Wen, D.; Liang, B.; Zhou, Y.; Chen, H.; Jung, T.P. (2020). The current research of combining
multi- modal brain-computer interfaces with virtual reality. [EEE J. Biomed. Health
Inform. 25, 3278-3287.

Won, S.M.; Song, E.; Reeder, J.T.; Rogers, J.A. (2020). Emerging modalities and implantable
technologies for neuromodulation. Cell, 181, 115-135.

Zsolt, J.; Levente, H. (2012). Improving Human-Computer Interaction by Gaze Tracking. In

Proceedings of the 2012 [IEEE 3rd International Conference on Cognitive
Infocommunications (CoglnfoCom), Kosice, Slovakia, 2—5 December 2010; pp. 155— 160.

260



